' “220i‘245 METHOD OF AND APPARATUS FOR TESTI NG BREATH ALCOHCL The present
_ipyention hasyapplication to breath al cohol testing devices. Such devices
.féﬁﬁipped with-fuel cells are described in U S. Patent No. 4,487,055.. In
breath al cohol testing 5 devices presently used com*rergzlr@qZQ’I'shi ch fuel
cell's are enpl oyed, the conventional way of dbt er mi ni n a ohol is
to reasure a peak voltage across a resistor due to the flow of electrons
.obtai ned fromthe oxidation of breath alcohol on the surface of the fuel
‘celT. There are 10 a nunber of probl ens. The peaks becone |ower with
‘repeated use of the fuel cell. The peaks vary with different tem.
.peratures. In order to produce a high peak, it is custom ary to put across
ithe output termnals of t ! I ' e |.resi stance, on the
.order of a thousand ohns, ?@ﬂgﬁ?t gﬁ%eﬂég@%h ﬁ?ﬂﬁ.%%tance pr oduces

‘a voltage curve which goes—tU tirepeak—amd—Tremarns—om—za—irgi—ptateau for an
:unacceptably long tine. To overconme that problem present systens provide

sfor shorting the termnals, which drops the voltage.to zero while the short
is across the 20 termnals. However, it is still necessary to |et the cel

i ecover, because if the short is renoved in |leas than one- half to two
mnutes after the initi &fhecpkesene, inventiam hpbeappid cadlioagdoc baeathup.

Peak val ues foryilehSPEesOiig (EEY{8EE0ON of al cohol decline with repeated
iuse whether the 25 termnals are shorted or not, and require 15-25 hours to

K

frecover to their origi naduchdeeicesceqpipped dithyduedecedls pare desanihed

charac- teristig.uAd. odatdn 96 UMp, 987 hos8pearadbred th alidohe 1S $@sRITPN
. ;and al so af tser d’;\ef,ew hours' ti

: vices presentf? &gegogégﬁgtcially, in which fuel cells
f_\,/ :  are employed, the conventional way of determining breath
alcohol is to measure a peak voltage'across'a resistor due
-to the flow of electrons obtained from the oxidation of
breath alcohol on the surface of the fuel cell. There are
10 a number of problems. The peaks become lower_with repeated
use of the fuel cell. The peaks vary with different tem-
peratures. In order to produce a high peak, it is custom-
ary to put across the output terminals of the fuel cell a
high external resistance, on the order of a thduSénd ohms,
15 but the use of such a high resistance produces a'ﬁdltage
curve which goes to the peak and remains on a'higﬁ'plateau
for an unacceptably long time. To overcome that problem,
i i,/ present systems prqvide'fOr shorting the termina;g, which
drops the voltage to zero while the short is across the
20 terminals. However, it is still necessary to let the cell

)

recover, because if the short is removed inhlegs than one-
half to two minutes after the initial peak time, for exam-
ple, the voltage creeps up. Peak values for the same con-
centration of alcohol decline with repeated use whether the
25 terminals are shorted or not, and require 15-25 hours to
.-recover to their original values.
The individual fuel cells differ in their charac-
teristics. All of them slump with repeated use in quick
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~ succession and also after a few hours' time of non-use.
30 They degrade over time, and in the systems used heretofore,
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30 They degrade over tine, and in fhe éystens used heretofore, 2 nust béh.
re-calibrated frequently. Eventually, they degrade to the place at which .
they nust be replaced. Presently, the cell is replaced when it peaks too =~ <~

slowy or when the output at the peak declines beyond practical ’
re-calibration, or when the background vobtage begins creeping excgessively
after the short is renoved fromthe Ttell fterninals. The object of the
present invention is to provide apparatus and nmethod that provide a neasure

ofI br eat h_l_ﬁ|nﬁ£§10|bé heé-c#1 L BEgEed fﬁd@ﬁéﬁﬁwt oﬁvgheuuallye Q;_iu'etyhg peaﬁ

vol t age. e, present, i nvention proyi des met hod, of _nmeasyring breat

al cohol comﬂéﬁ?ié%cﬁ?i?P?WﬁiﬁF %Fegﬁﬁcéaﬁﬂ?g PBSFnPFoEEEQSCF%~a fuel
cell, and nearesently; cthielecelbriscreplacgdt whehl ot peakise tiooosd dwlym sai d
fuel cell r |34 " i dat j ) j : b al ' il rate
rising to a%ﬁﬂ%,;dééﬁgﬁﬁré?a ﬁ%ngé?ggégg%gﬁgn&gglgk‘? ??g%g{/l <:(r%‘ﬁvini mum
base to formerakiRrationy i F nghent BaePrAKIrRENG VPIEage- RGNS t he
Clﬁrve : n the:?-ﬁsﬂngl; baltjam&wﬁbsgteﬁidﬁnepénextdasi gamawdt F-oreamid ng by
the voltage o i d substantially steady mininum and generating an
intelligibl é’es]r]S?\ta?n?Jerb%?enti ng al cohol content of the breath sanple as a
function of said aredfhdhebipectcof thecprésent| inventivdedsaboa patovsideor

measuring bregld ALeoNMa GROERSE Qa€*bbviad 8" RahBupkCBiobrhth fuel cell
havi ng out put.“term nal s across ]
alcohol that is largely independent of the value of the

peak voltage.

The present invention provides the method of
measuring breath alcohol concentration in which a breath !
sample is introduced to a fuel cell, and means are-
provided for measuring the flow of electrons from said
fuel cell resulting from oxidation of said breath alcohol,
said flow rate rising to a peak and thereafter falling to
a substantially steady minimum base to form a curve,
comprising integrating the entire area under the curve in
the period between the beginning of oxidation -and the
reaching by the voltage of said substantially steady
minimum, and generating an intelligible signal
representing alcdhol c§ntent of the breath sample as a
function of said area. o

The present invention also provides apparatus for
measuring breath alcohol content by oxidizing breath
alcohol in a fuel'cell having output terminals aéioss
which a'voltage is_generatéd, said voltage rising in
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which a voltage is generated, said valtage rising in -3- response to the
presence of alcohol in a breath sanple 1n contact with said fuel cell and
- (A ng again to a base level, to establish a voltage tine curve,

‘conprising neans for integrati ng the entiye area under said curve fromthe

5 inception of the rise in voltage to |ts reaclr“i g’bof sai d base | evel, and
means for di SESBANTE £N s PEISRERCR iHy AR TR cFAmRLe in

Functi gn of I S:aalritaaﬂf&zlﬂ:h%dﬂcffﬂiﬁle(tdlﬂ hnfﬂ Ifaélluiﬁgs @gﬁxept%fa eilsérﬁ@ ish-
ing a base t ut 0 e any),.and electroni- 10 ca
subtracting tlﬁg 21‘ t@é’ 5 ‘{? t Léf ThEMRELF G ‘%{?Wés
during the ofmmmhegrramergs tHe cant:hze aam um&er tseel | cntwe £rowetiierr i ng

ccover y ¢ P RpAe o R 2% UE AR Yo (b A LE e 0

drawi ngs: Fi f@se 113V§1a andc meang a‘ij’rrarﬂlﬁmmgi%rﬁa nunhex rindi¢atking
embodi ment Ok rleli& e i1 Ho 10fcdriticht MY 'ﬁ{hcfid}&”&f 2séfd 3a1£’éé'1ph show ng

the curve of voltage produced by the circuit of Figure 1,

Figure 3 is a graph siT&@ rﬁj'ecﬁrﬁf’%ﬁﬁr\ﬁ@*épdvdi’i%@?ﬁ ﬁluﬁ:"e%?tﬁffc%ﬁm%%h‘al
fuel cell braaigh aatba@anlllwtdmxﬂﬂwﬂ)m callIShQre ethy Nrond he e @eF b1 Of

Fuel ool | 19t BdY SHRERACH NG S AT TS R FHAL S, over -
appr oxi mat el yheneerismuxtingt dilmeniduy irite thegiowiidet iain cperocehas; ofryom the
bonstralinosas SHBRSING SIhONN TP Ay | hd TR LA "Rl AGEY At

about 5 secon nterval
The method and device of this invention require no

. _recovery time beyond the period of measurement.
- 15 In the drawings:

Figure 1 is a circuit diagram showing one illustra-

tive embodiment of the circuit of this invention;

Figure 2 is a graph showing the curve of voltage

produced by the circuit of Figure 1;

20 Figure 3 is a graph showing the curve of voltage
produced by conventional fuel cell breath alcohol fésting
equipment, unshorted through a period of 150 seconds; and

Figure 4 is a graph showing the voltage output from
the fuel cell of the conventional breath tester shorted out

25 after approximately one minute following the beginning of oxi-
dation, illustrating the subsequent rise when the short is

. ‘removed and replaced at about 5 second intervals following
the initial shorting. _ '
Referring now to the drawing, and particularly to

30 Figure 1, for a circuit illustrating one embodiment of appa-

. ratus of this iﬁventiop, reference numeral 1 indicates a fuel
cell with output te#minals 2 and 3. A resistor 4 is con-
nected across the terminals 2 and 3. This resistor, which,

- in this embodiment, has a resistance of 1.6 ohms, is one

35 method of implementing the present invention. In convention-
al breath testers, the value of this resistor is in the range

of 300 to 1,000 ohms. Terminal 2 i; connected, through a



the initial shorting. Referring nom1to the drawing, and particularly to 30
Figure 1, for a circuit illustrating one enmbodi nent of appa- ratus of thlS\J .
invention, reference nuneral 1 indicates a fuel cell with output: terminals <.
2 and 3. Aresistor 4 is con- nected aeréss the ternlnals 2 and 3. This
resistor, mhlch in this_e odlnent has.

§ t ance_of % SH I.§ one
35 method of* S EMert 4 i t € RAEERtVE Y ﬁ? aPn°€8ﬁ9 APPG- AP Mreat h
testers, t hef dvet ue:pnfam}:h) 510 esiBheroutpuh themlaage3oﬁ53&6nhec3:56.0&oohans

Termnal 2 | sk Stkoddli 0N Prme ndgabeohSifbut ot® chile RO Y8 TPU!

of an operatlon 1er (o termn
connectedixFQpnﬁnﬁRﬂ1t9 qrqnmm ki) thﬁ@u%bgatreélﬁhpmtﬁoflph¢h@paéﬁwaﬁs

connect eds t QYOI o 13 30V SWAe S5 19655} O&nd. tbntﬁaeohEbﬁi térhr %{?'10@0%1330
ohm resistor, .and to the out put ternm nal 20 _of .the op-a hr ou

resi stor 16,the, QBrany | thEoudh & 5¢%B®t??oﬁﬁwre§lEFSrllﬂH§§r ptdendiand 38
negative feadinmk #&is st ) &wlﬁr@&mmgow ﬁagai:yvéoeae‘a%c‘kl qQWoyp wRENI NG

signals. The output termnal, 20 is c 8 % E ¥g a . lgad resistor 10
24, o the cofiftil Of ARPTIiNRSSEY L000naoE 8LOYEY VETHLPENS1828d8 -anal og
to digital c:lnm/emtfputzkeﬁﬁmﬂ 2@oiyecenhected eheotxghcal tmaaomeecﬂseud:xt 0
an i nt egrat 2 ' I e e

convent %‘(gﬁalq of %%l%%ge;@nu%{btgl é‘%& hﬁeg’%ggg’cél)rﬁcgl %hxﬁgﬁ/ﬁOFnbﬁ’ Ereal of

g

pat ent 4, 487tiggsbased apwakog tte gl ¢¢eve!©er323I-ecﬂ'hecal-Dyc©@mee'e-t ed
to a batte%élf i *’é?fecfw&?‘éaﬂﬁppéa(nnéleée&'e’éé éHOMteE‘QEQ’%‘%r 29 Erbftewhlich

cuit shown in Figure 1, no thermstor Is Connected to
a display signal is derived.

_ As in the conventional circuit exemplified by the w

15 circuit shown in Figure 1 of patent 4,487,055, the opera-
tional amplifier 10 is electrically connected to a battery
or other power supply, not here shown. However, in the cir-

'_cuit Shown in Figure 1, no thermistor is connected to the
operational amplifier 10. _

20 , As is indicated in the draw1ng, but merely for il-
lustration of one workable circuit, the value of .each of the
resistors 5 and 6 is 330 ohms, of the resistor 16, 330
thousand ohms, and of the resistor 24, 20 thousand ohms. The
eapacitor 17 is rated at 1.0 microfarad, and the capacitor

25 25; at 4.7 microfarads. Both capacitors serve to smoothe the
curve. The sighal oﬁt terminals in the conventional circuit
are electrically connected to an indicating device which dis-\
plays a figure indicating percentage of breath alcohol as a
function of the peak voltage generated by the fuel cell. 1In

30 the present'invention, the figure indicating percentage of
breath alcohol is a function of the total area under the
curve during a predetermined period between the beginning of
the oxidation precess and the return of the voltage to a
substantially steady minimum state, as generated by the in-

35 tegrator 29. '

In practicing the method of this invention on the
device described, the device is first calibrated by using a



operational anplifier 10. 20 ° . As is indicated in the draw ng, but
nmerely for il- lustration of one workable circuit, the value of each of
Bie resistors.5 and 6 is 330 ohns, of the resistor 16, 330 thousand ohms,
and of the resistor. 24, 20 thousand ohns. The capacitor 17 is rated at 1.0
m crofarad, and-*the capacitor 25 25~ & =4.7 microfarads. Both capacitors

T ot Care P SapIAZEp ! PEEanbl FhaTedl AT LY IR SRR LA
a figure indi 3t AadfgsedsnchgaagteFicdissal cRG ifEegnah QRteH-RA S heak
{riuede, dorer S depiug syl by S aanarte ML) Liane
area under th?leg?fi\eéld’ﬁh"ﬂ'g equivadent ﬂ%é&%%eﬁ%&%{%gu%%gfnﬁ% of
t?gagxi ?natn : glrjvrag.i@?%s maftholdae orftewgmgmfaﬁﬂrg \aﬂg agep Iy rey sthiist afdctabt ywill
The mathod of BEnPEVERVEn ok AoRS RS A e d s BB, the device 1o first
ﬁal i br ialt eﬁt by Itms'it-__&n]:gf.@rx:estenﬁ:;1 estampdar,d thee dsigme t@/e:raa_dlfimeaie!is imeasweed to
i vi ded by a PlotB® S5V ARABdie B, 3200 diid SHE L ARAAETOn Bk
equi val ent of naftedpadattites epdd @fd thee dimpheeringd s malkpykatpd. Alter-
cal cul ati ngoand taRl1Y, NEnlhiad sAGOT idHe Bradutitufetbd sELE e | €fhig+H
the art. In the presént exanple, the ti to reach ,peak is neasured .t he
devi ce, mul ti GEEES BY EBE SR8 Cife 3 ASEHSHSTIH NESF e R Pht CHhcF A LAY
the time perieg thes veataderiord a Al¥tantially steady, but minimum state.
With either the standard or a breath sample, a
Ke/ base voltage is determined during the two or three seconds
15 before the alcohol sample is taken into the fuel cell. This
technique is conventional. The area under the curve as
shown in Figure 2 is then integrated over a'period of time
long enough to ensure that the voltage'has dropped to a sub-
stantially constant minimum level. The area attributable to
20 the base voltage is electronically subtracted from the total
area. A somewhat more sophisticated method involves measur-
ing the baekground at the beginning and end of the integra-
tion period and'using an average of the two readings in the
subtraction prdcess. The measuring time will largely be
25 determined by the value of the resistor 4. In the illustra-
tive embodiment shown;'it will be less than 75 seeehds. It
is unnecessary to short the terminals of the fﬁel Celi, and
a second test can be run immediately. The measuring time is
preferably on the order of 8 to 15 times the length of time
30 required for the voltage to peak. o .
- It can be seen that; once calibrated, the device
will give an aceurate measure of the tdtal a;cohollcontent
of the sample regardless of the initial height of the peak
or the shape of the curve, so long as it reaches the sub-
35 stantially steady minimum state. Accordingly, variations in
peak height as a result of repeated use or degradation of the

fuel cell’or as a result of different temperatures'will have



10 natrvely, the display in the present met hod coul d be trig- gered by the
end of a predetermined time or on the reaching by the voltage of a
substanti,ally steady, but mninumstate. Wth either the standard or.

A
et
breath sanpl'e, a base voltage is determined during the two or three seconds

15 before the al cohol sanple is taken i=6o the fuel cell. This technique is
conventional. The area .under the curve as*shown in Figure 2 is then
|ntegrated ove eriod time | ong enough to ensure that the vol tage has

dr opped t o8 ssEect, wpon. the acruramy At thsmalaphol detemination butabl o
to 20 the Baspracktiege withl degradatibny ofultheadeld fovaip itind Oile area. A

somewhat Npege égpggs bcggﬁﬁtgghh%gernxﬁeﬁ |§§ﬁ€ﬁ§‘8§{he background at

t he begi nning and e e I ntegra g an average of
the two reaﬁﬁﬁg§emﬁnthéssﬁgtb§ct roddsg mﬁasungngntrQ}merusQOI

| argely bes3éoﬁasﬁrfbﬁeéthplée val vaxeh faQEth%S' &%s‘{: pxlaa illustra-

tive enbod be I ess than seco I S unnecessary
to short thggfe}%ggngn %iwhrg pger thep t&ﬁd"&léeé’é‘ﬂdheeéls%rf% & un

i mredi at el Jong Thimeewithony be&nglSeplaﬁéﬂab|IfF&hh&% disdiny fl? to 1g
times the f e vol tage can be
seen t hat , oﬁ%%bggl?grgglggréﬁgghévr95 ﬁF&Rc§|95n %@ﬁ&f&taﬁﬁﬁgﬁﬁb of the
t ot al aIcoﬁ%la%@ﬂhehtsﬁﬂndhcdsanple regardl ess of the initial height of the
peak or the shape ojgt 8 &u ?§Sst§a h?”ﬁiaﬁr:bt 3" eapNeRel ARl %eaﬁ]

tiall t ate. Accord variations In 9] I ght as
Zt ?gslu?t gﬁg?%pgé?ed%gecﬁ dE§TUdEeR A0 P Fré piputes toptadd effosult of

di f f erent Evemewithrtbevshorting processffehe taddihge oFFc werfiirds t he
alCOhOl(k%ﬁﬁutrﬁgbogeconds, and the problem of the variations in w
the helght of the peak, which is conventlonally what is

measured remalns.

Numerous varlatlons 1n the constructlon of the
apparatus and the practlce of the method of this 1nventlon
will occur to those skilled in the art in the light of the
foregoing disclosure. Merely by way of lllustratlon and
not of 11m1tat10n, the res1stance of the resistor between
the fuel cell output termlnals can be increased or
decreased somewhat from the value shown but will always be
low as compared with the conventlonal fuel cell breath
analyzer, in whlch the external resistance between the
terminals is between 300 and 1,000 ohnms. The tlme in
which the measurement is to be taken can be varied and o/
will be varled with the amount of res1stance across the
fuel cell output terminals and with different .
characteristics of specific fuel cells. The readlng of
the detector can be trlggered by the reaching of the
substantially steady mlnimum voltage, by a comparator
system. The 1ntegrat10n can be performed in alternate
ways, such as using the amplifier output to charge a
capacitor and termlnatlng the 1ntegration when the voltage
on the capacltor reaches a steady maximum state, sald
max1mum voltage then belng the measure of the 1ntegral

T



In practice, wth degradation of the cel| over time, the effect is to

, engthen the time within which the measurement is to be taken. If a
ﬁﬁésurenent time of 90" seconds, for exanple, is taken as the |ongest |
practical -tinme limt in field usé, then the cell can be used for -a | ong
time without .bei*ng replaced. If there is any question of calibration, the
devi ce can be tested agai nst an al cohol standard. As is suggested by Figure
3, in the absence of shorting, the celd 7required 10 or 15 minutes to tai
off. Even with the shorting process, the tailing off requires about 150
seconds, and the problemof the, variations in the h t of .the, peak, which
is con ent‘?@ﬁﬁlw?‘mépﬁ mﬁ%w}%ﬁﬁlm& ﬁ'ggﬁ ?’P&%Par?éf. n the
constr I of the apparatus and the practice of the nethod of this
invention will occur to those skilled in the art in the light of the

foregoi ng disclosure. Merely by way of illustration and not of limtation,
the resistance of the resistor between the fuel cell output termnals can
be increased or decreased somewhat fromthe val ue shown but will always be

| ow as conpared with the conventional fuel cell breath analyzer, in which

t he external resistance between the termnals is between 300 and 1,000
ohns. The tine in which the neasurenent is to be taken can be varied and
will be varied with the anmount of resistance across the fuel cell output
termnals and with different characteristics of specific.fuel cells. The
readi ng of the detector can be triggered by the reaching of the
substantially steady m ni numvol tage, by a conparator system The
integration can be perforned in alternate ways, such as using the anplifier
output to charge a : :

b-l



capacitor and termnating the |ntegrat|on when the vol tage on the capaC|tor':(
reaches a steady maxi mum state, said maxi mum vol tage then being the neasure

of the |ntegral Q her nmethods of integration will bé apparent to those" fj;
skilled in the art. CLAIMS 1. The net hod of ‘measuring br.eath al cohol
concentration in which a breath sanple i®tntroduced to a fuel*cell, and

means are provided for neasuring the*flow'of electrons fromsaid fuel cel

resul ting from oxidation of said breatgﬁﬁh@&Pol said flowrate rising to a
pedk and thereafter falling to a subst y steady m ni num base to form

a curve, conprising int edhe mekhdd: ofhiezes\arioyg wrkath elcoliok in the

peri od bet Raal¥] ixd é%yﬁﬂggéﬂ¥ar cilh oLt age
of said suggﬁghtlg?gﬁﬂgﬁgagg‘ﬁ?ﬁ?ﬁunl an ene |ﬁ§§an #E%&#? ?%¥e55|gna
repr esent i n§@lc m&#'cmwaas are Rron %rﬁﬂfé %a%!llfjcﬁflt% 610‘5a| d
area. 2. Thefmelleetrohsc/taion baid dued '&]Ilh&'é?élﬂ[tiﬁg eﬁi’&b'éﬁﬂ!&‘@lé‘n base

begi ne.  andObl BRRR-REeALH, AGRhol. FALY 1ok S FERAMT 140 2 eeakol t age
of the outpandv&heageftsaswmhm;ng o @ummh;tdntia&l&ﬂst;a¢ycmmnﬁmﬁmon1the
area under phgey/fbl 26exC Wl ardy, Uintid M YHtdikddify the WeiFdNod Of

area under the curve in the period between the beginning

of oxidation and the reaching by the voltage of said

substantially steady minimum, and generating an

intelligible signal representing alcohol content of the

breath sample as a function of said area. W

2. The method of claim 1, including the step of
establishing a base line output voltage of said cell.
immediately before oxidation of alcohol begins, and
~ electronically subtracting the area representing that

voltage of the output voltage measuring time during the

oxidation process from the area under the voltage curve

during said measuring time.

_ 3. The method of claim 1 or 2, wherein the

measuring period is 8 to 15 times the length of time

between the beginning of oxidation and the reaching of a

peak voltage.

4. Apparatus for measuring breath alcohol

content by oxidizing breath alcohol in a fuel cell having \_J

output terminals across which a voltage is generated, said

voltage rising in response to the presence of alcohol in a

breath sample in contact with said fuel cell and falling

again to a base level, to establish a voltage time curve,

comprising means for integrating the entire area under

said curve from the inception of the rise in voltage to

its reaching of said base level, and means for displaying

a number indicating breath alcohol content as a function

.of said area.
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gr,e"asurhng period is 8 to 15 tines the.length of tine between the beginning
;of poxi dation and the reaching of a peak voltage. 4. Apparatus for measuring
' _b’r")'ea't h al cohol content® by oxidizing breath alcohol in a fuel cell having
out put . terminal s across which a Voltage is generated, said voltage ri'sing
in response t.o the presence of alcohol in-g-breath sanple in contact with
said fuel cell and falling again to @ base |level, to establish a voltage
time curve, conprising neans for integrating the entire area under said
curve fromthe incepti 6n offhehmethod of welasayd ngo bireathe adidahplof sai d

base |evel, a@@n@%ﬁ%i-aft;lrcmd!a a%ii?:% %of‘gé_i’%g@ iﬁ”@nﬁa%%%ﬁﬁtﬂl ol

content as a runction of sal rea. he net neasur i ng

breat h al cohohereinefdesgribedaccor di ng to claim1 and substantially as
herein described. 6. Agpar aAppara®us"Ferlmedaguitryt bralatdh@ldohyient by

oxi di zing breath, al cohol i f.uel ~cel | _hayin ut,put. term nal Cr oss

whi ch a vol taﬁ@nitgnge &y ﬁ‘ggizgﬁgspgﬁﬁt&l Fécggqa'erlgi R & icﬁéé‘. aving
output terminals across which a voltage is generated,
substantially as herein described. '
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