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- This invention relates to improvements in elec-
tric psychometers, sometimes known as lie de-
tectors. The present device utilizes the phenom-
eénon that the resistance of the skin of an indi-
vidual changes with an emotional change in the
human body. We are aware that devices for de-
tecting dishonest from truthful statements of an
individual have been provided. These devices, to
the best of our knowledge, usually have responded
to cardiac and pneumatory reaction of an indi-
vidual. Such prior devices, while effective for
their intended purpose, have been subject to
various disadvantages and limitations. Among
such disadvantages have been the high cost
thereof, the delicate construction thereof, and
the-large size and heavy weight thereof which
has tended to preclude desired portability. Other
disadvantages of previous devices have been that
they have not been adjustable as to sensitivity
according to the personal reactions of different
individuals in most cases, and, further, that the
attachments to the body of the individual nec-
essary for their use have produced discomfort of
the subject and thus required that the tests of
the subject by use of the device be limited as to
time.

‘The primary objects of this invention are to
provide a device of this character which is com-
paratively inexpensive so that it may be avail-

able for use by law enforcement and other i

agencies having limited funds, whieh is light in
weight and portable so that it may readily be
transported from place to place, and which is
rugged in construction to resist damage incident
to use thereof and to t{ransportation thereof.

- A further object is to provide a device of this
character with means for adjusting the sensi-
tivity of response thereof so that the variations
in the reactions of different individuals may be
compensated and accurate readings secured for
all subjects, and which is further provided with
convenient means for calibrating the device.

A further object is to provide a device of this
character which may use a sensitive but com-
paratively rugeged measuring element, such as a
milliammeter, and which includes means to pro-
tect the measuring device automatically in the
event that the current being measured exceeds
the range of the instrument during use.

A further object is to provide a device of this
character with means adapted to be worn by
the subject for detecting variations in skin re-
sxstance which are of novel construction, which
may be applied and removed -easily and quickly,
and which may be worn for extended periods of
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time to facilitate extended questlomng of the sub--
jeet without discomfort to the subject.

A further object is to provide a device of this
character which can be used by individuals hav- .
ing little familiarity with electrical apparatus
without requiring extensive personal instructions.’
to such individual, and which is constructed
from standard electrical parts readily availabie.
at firms dealing in electrical and radio equip--
ment. ) '

A further object is to provide a device of. this.
character which will not be damaged by acciden-
tal energization thereof over long periods of time
and in which no danger exists that the subject
will-be harmed or injured by elecirical shock.

Other objects will be apparent from the follow-
ing specification.

In the drawing: )

Fig, 1 is a front elevation of the instrument
mounted in a case and provided with indicating
means and control means. '

Fig. 2 is a circuit powered by batteries, embody-
ing the invention and utilizing one stage of am-
plification.

Fig. 3 is a circuit illustrating a modified em-~
hodiment of the invention utilizing two stages of
amplification, .

- Fig. 4 is a circuit-adapted for operation by al-
ternating current. o

Fig. 5 is an end view of.the skin contacting.
electrode used in the device.

Fig. 6 is a longitudinal sectional view taken on
line 6—6 of Fig. 5.

Fig. 7 is a circuit illustrating the manner in
which the various elements of applicants’ device
are connected, to provide a modified Wheatstone
bridge.

Referring to the drawing, and particularly-to
Fig. 2 thereof which illustrates one embodiment
of the invention, the numeral -10 designates the
terminals to which the skin engaging deviee, such
as the device shown in Figs. 5 and 6, is adapted
to be connected. One of these terminals 18 is
connected by a lead 2 with a resistor 14, and the
resistor 4 is connected in series with a resistor:
16 by means-of a lead {8. The resistor 16 in turn
is connected with a resistor 26 by means of a lead
22. The resistor 20 is connected by a lead 24 in
series with a battery 26. A second battery 28 is
connected in series with-the battery 26 by a lead.
30, and a lead 32 branches from the lead 30 be=
tween the two batterles 26 and 28 and is tapped
to the conductor or lead 18 between the resistors
{4 and 16. A resistor 34 is interposed in a lead.
36 tapped to- the lead | 2 at 38, The lead 36 will
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include a flexible portion which terminates in a
slider member 40 adapted to engage the resist-
ance 20 and cooperating therewith to provide a
variable resistor for zero adjustment or center-
ing. The second terminal {0 is tapped to the lead
36 between the resistance 34 and the terminal 40
by a lead 42.

A slider 44 for sensitivity adjustment cooper-
ates with tHe resistarice 34 and is conneeted by
a lead 46 with the grid 48 of a signal amplifying
electron emission tube 50. The cathode 52 of the
tube 50 is connected by a lead 54 with a second
zero adjusting or centering slider elemiént 56 ¢o-

operating with the resistor 6. In the preferred
form the circuit to the cathode will inélude a bat-
tery 58.
© The plate 60 of the tube B0 iz eohnected by
. & lead 62 with a plate battery 64, there prefer-
ably being a fixed resistor 66 connected in the
lead 62 between the tube and the battery - 64.
The lead 68 connects the battery 64 in series with
the battery 28. A léad 10 18 tapped fromi the
leéad 62 at the termiinal of the plate 60 and be-
tween the plate 60 and the resistor 66. This
184d 10 serves to connect a méasuring instrumeiit,
stich as a milliammetef 12 or a recorder, in the
ciieuit ih parallel to the resistor 66 and the bat-
tery 64 with its opposite end being tapped at
18 to the Iead 88. The coil 16 of & relay ig in-

terposed in the lead 70 and the armature 18 of

the relay constitutes or controls & switch inter-
posed In g shiint eireult 80 in parallel with the
nieasuring élement T2.

The elements which respond t6 the skin fésist-
ancé of the subject are best illustrated in Figs.
5 arid 6 anhd comprise two paits: One part is

15

20

preferably in the form of a ring or short tube -

82 formed of conductive material, the diameter
of whoge bore is dlightly gieatér than the inner
peripheral diameter of a finger ring of the largest
size offered by jewelers: The othér part com-
prises an elotigated cohductive metallic plate 84
of ¢onéavo-convex form in transverse configu-
ration and provided at the center of its éofivex
faee with a longitudinal ifitegral rib 86 of tapéred
- fortn; A flexiblé eleetrical lead 90 is eleétrically
connected with a plug 92 which fits within &
gooket forined in the electrode 84, 86. In the
preferred form the socket will be constructed
a8 fhustrated th Fig. 6 With & large diameter
portion 94 thereof adapted to receive the large
poition of 4 plig 82 and with a small diameter
inner socket portion 96 slightly escentric with
réspest to the socket portion 84 and adapted to
receive a reduced terminal projection of the
plug 92. ’

The device is adapted to be mounted in a hous=
g of casing 100, as best illustrated in Fig. 1.
This housing will mount sockets 102 adapted to
detachably réceive plugé (not shown) which are
motinted uponi the lead 98 to the -électrodes.
The sockets 102 will constitute the terininals {0
fllustrated in the circuit in Fig. 2. The casing
100 will mount the measuring member or mil=
lismmeter 72 in its front wall to be readily visible
by the operator. A plurality of Knobs (04, 108
and 103 will be mounted upon the casing 108.
These knobs will bé conneeted respectively with
the slider 44, the slider 66 and the slider 40; to
¢ontrol the adjustment of said sliders. The
front panel mounting of these knobs permits
thelf use while viewing the meter T2 to facilitate
thé adjustment and control 6f the operating cif-
eutt.

*'wo Anger electrodes are employed, being
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mounted upon different fingers and each of which
has only one lead 90 connected thereto, the cir-
cuit being completed through the skin of the
subject. It will be apparent that the finger elec-
trodes can be used very simply by sliding the
retainer ring 82 over ‘the finger of a subject
and then sliding the elongated electrode 84 with-
in that retainer ring to a position in which it
engages the skin of the user with & posmve but
conifortable electrical contact.

It will be observed that the circuit is essen-
tially a Wheatstone bridge circuit in which the
resistors 4, 16 and 20 constitute three of the
legs of the circuit and the electrical resistance
of the skin 6f the subject forms the fourth
resistor in the circuit. The resistor 34 is con-
nected in parallel with the resistance formed
by the skin of the subject. The output of the
bridge i§ conducted through the leads 46 and
54 to the electronic tube 50 by which the cur-
rent i amiplified to a value sufficient to energize
the meéasuring device 12. The current values in
this instance can be kept at a very low level, thus
insuring against electrical shock or injury to the
subjeet and yet are sufficiently high to permit
the use of a fairly rugged type of electrical in-
strument; such as a milliammeter, as the meas~
uring means. In this connection, the amplifi~
cation by the electron tube is sufficient to raise

‘the signal strength for actuating the meter 12

from a very small value to which only a galva-
nometer would be responsive to the higher value,
thus making it possible to use the comparatively
rugged milliammeter in place of a simple gal-
vanometer. ,

One of the outstanding advantages of the
device is that it may be adjusted to compensate
for differences. in the skin resistance of differ-

. enb subjects by varying the position of the slider

44 upon the resistance 84. Thus in instances
where the skin resistance of two subJects vary,
the slider can be adJusted during initial prelimi-
nary testing with each subject to establish the
conditions required for use as to that subject,
thus setting up the instrument to give, upon
the metering element 72, indications which are
equal in amplitude to those of a subject whose
skin resistance is at ‘a substantially dlﬁerent
electrical value.

A second important feature of this device is
the provision of means for centéring or balanc-
ing the instrument. Thus, whehever any ad-
justment of the sensitivity slider 44 is made, it
will affect the balance of the bridge and theé zero
positioning of the pointér of the milliammeter
12. 'The sliders 40 and 56 constitute these cen-
tering means. Omne thereof may be provided for
relatively coarse adjustment, and the second
theréol may bé constructed for relativély fine
adjustment.  ‘Thus by the manipulation of the
propér ones of the knobs 106 and 108 control-
ling the sliders 56 and a0, the mdlca,tor needle

Another important advantage of the dev1ce is
theé provision of the relay 16, 18 for controlling
the shunt cifcuit 80. ‘This relay can bé so con-
strieted that In the event the current flow
thiough the line 70 to thé meter 72 reaches or
excéeds the magimuim currént which the instru-
ment will earry, the relay will operate to close
the normally open shunt circuit 89, thereby pre-
venting the possibility that the meter 12 will be
:ubject‘ed to any damagifig current flow condi-
ion

The ability of the device to be operated by
batteries, the simplicity of the skin contacting
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electrodes, the simplicity of the adjustments and

of the operating circuit, all make for compact--

ness and light weight of a unit, rendering it-both
portable and rugged as well as inexpensive. in
cost.

In the use of the device two electrode units,

as illustrated in Figs. 5 and 6, are fastened on

two fingers of the subject, being connected in=

the circuit as the sockets 102. A small amount
of eléctric current is passed through the b dY
while the resistance of the body is balanced by
the adjustable resistor 44 in the bridge circuit.

In other words, after the individual has een.
; en.
attached to his fingers, the . rheostat 44 is.ad-.

placed at rest after the electrodes ha

Jjusted by manipulation of the proper one of.the
knobs {04, 106,
the other knobs which serve- to - control ithe

rheostats 40 and 56 to accurately center the po-

sition of the needle- of the meter 12. The lat-
ter adjustments are’ preferably ‘performed:: by
moving said sliders to a zero position and then
progressively shifting. them until the désired
reading is indicated upon the meter 12, that'is;
a centered reading. The sensitivity setting can
then be checked by having the subject take ‘a
deep breath which will produce a certain’ actu-
ation of the meter under normal conditions:' If
the meter oper_atlon exceeds or falls below thls
normal, a change in the setting of the slider 44
may be made, followed by changes in the set-
ting of the sliders 40 and 56 for centering pur-
poses, and the sensitivity can then be checked
again.

In testing a subject it is desu'able that a. ﬁxed
set of questions which can be answered “Yes”
or “No” should be prepared in advance, certain
of which relate to nonpertinent matters, and
notes can be made of the readings of the méter
12 in conjunction with the answering of such
nonpertinent questions, . Such reading can be
utilized to establish the normal reaction of. the
subject to questioning. Several of the questions

interspersed. among the list to be asked will ‘per-’

tain to the subject matter of the investigation.
It is desirable that this list of questions be asked

of .the subject more than once but preferably‘
not more than three times, and notes shotld be:

taken of the’ ‘readings applying to each questlon
on each occurrence of its asking. It is impor-
tant that sufficient time be allowed between an-
swers to permit the needle or indicator of’ the
measuring unit 72 to return to a rest position
normal to the subject before another questlon
is’ asked. During the questioning the subject
should remain quiet. and relaxed, and his atfen-
tion should not be diverted from the questions
by any. external means, and preferably not by
any sound or noise. The results of the readings
must. be interpreted from experience and any

possibilities. that an abnormal reaction has been-

caused by any condition, except an untruthful

-answer, must be ascertained, Thus if physical

movement has oceurred, or if interference has

occurred, or if it appears that the subject is

frightened by the machine, or if it appears that
the question asked may bé creating a mental as-
sociation in the mind of the subject with a fact
situation different from that being investigated,
such conditions may account for abnormality of
the response.or reaction of the subject. In the
mtelpretatlon of the.readings it must also be

borne in mind that théie is no set of abnormal
reactions to.indicate that a lie has been told,
and the operator through experience can readily

coN

108, followed by adjustment- of
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“tube 50 and the resistor 66 in lead 62.

judge when g lie has been told, according to the
difference between a normal reaction and an ab-
normal reaction caused by lying. As a general
rule, however, it will be found that, where the
subject lies, the abnormal reaction shown will
be at least twice as much as the normal reac-
tion on the same test. In other words, if nor-
mal reactlon of the subject gives meter readings
from zero to three, then meter readings of six
or more tend to 1ndlcate that a lie has been told.
The circuit shown in Fig. 3 differs from the cir--
cuit shown in Fig, 2 essentially by the fact that
two stages of amplification are provided instead:
of the single stage of amplification as shown in
Pig. 2. The parts of Fig. 3 which are similar
to the parts of Fig. 2 bear the same reference
numerals. The second stage of: amplification is
provided by an electron tube 119 whose grid 112
is connected by a lead 114 tapped from the lead
62 at a point between the plate 60 of the first
"The
cathode 116 of the tube 110 is connected by a
lead 118 with lead 33 between the hattery 28
and a battery 120. The lead 32 in this circuit
is tapped with the lead 30’ at ‘a point between
the battery 128 and the battery 26. The cath-
ode circuit includes the battery 122 similar to
the battery 58 used with the electron tube 0.
The plate 124 of the tube 119 is connected by a
lead 126 with the lead 62 between the resistance
66 and the battery 64 in the lead 62. The lead 126
has a resistance 128 interposed therein. The lead

" _ 10 is connected - with the lead 126 between the re-
sistance 128 and the tube plate 124 and extends
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in parallel with the battery 64 having its oppo-
site end connected with the lead 68 between
the batteries 64 and 28. The relay 76, 78 is
provided in conjunction with the lead 70 and
the shunt lead 80 in the same manner as in
the Fig. 2 embodiment, said shunt lead 80 be
adapted for connection across the opposits ter-
minals of the measuring meter 72. This em-
bodiment of the invention possesses all of the
advantages and is constructed to operate in the
Same manner as the device shown in Fig, 2, dif-
fering therefrom solely with respect to the num-'
ber of stages of amplification.
Fig. 4 illustrates a deviee which is adapted to
be actuated from an alternating current source
with which the leads 138 are connected. The
power circuit 130 has the primary coil 132 of a
transformer interposed therein. The trans-
former may be of any suitable type and prefer-:
ably has two secondary coils. One secondary coil
134 has its opposite ends connected with the two
anodes 136 of a full wave rectifier tube 138. The
cathode (40 of the rectifier tube 138 is connected

‘by a lead (42 with a second secondary coil 144 of

the transformer. The other terminal of the
cathode is connected by a lead 146 with the lead
62 of the psychometer ecircuit and has resist-
ances (48 and 150 connected or interposed there-
in in series relation. A lead (52 is tapped from-
the lead 146 between the eathode 149 and the re-
sistance 148 and has a filtering condenser {54
interposed therein. The lead 52 is connected
with the lead 24 of the psychometer circuit. The’
second terminal of the secondary coil 144 is con-/
nected by a lead 156 with the lead 152 to which it
is tapped at 158 between the cathode 140 and the’
filtering condenser 154. A lead {60 is tapped to
the lead 146 between the resistances 148 and’ 150
and is tapped at its opposite end to the lead 152
between the condenser 154 and the point of con-"
nectlon of the lead l52 mth the psychometer'

FONIS
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cireutt.  The lend 180 Has & filtefing coHdenser
64 interposed therein. _

1% this efibodiient of thé Invention whereit
the psychiométer ciredit i§ substaitislly the€ samie
a8 that shown it Fig. 3 involving the tise of tWo
stages of aniplification: Provided by f,hef tiibés B0
afid |19, respectivély; it will be obse that the
v‘mo 13 ba.tteries utlhzed m the FlgS. 2 an‘ | 5 de=

vo‘ﬁtaege "iegulator tubes {p g6 1 £ot
s 267 . 387 afid 64’ are ubed i F‘lg 4in
; eries 26 PZO 28 and 64 respm-

that the de : i§
1en‘t itid € fore must be ccnnected with &
of power aid have built into if, irv addi-
te the bdsic: psychomet’er ¢ireuit, the trans:
former 132, 34, (44, the full wave réctifier (3§
#nd the other supply éircuit glements ineluding
the filtering ¢ondenisers 154 and 182, However,
these changes do not suf)stantxally increase the
weight, sizé or cost of the utiit dnd do not detract
fiom the accomphshmenﬁ of the advantages
Hereitigbove referred to by theé deviee,

While the preferred embodiment of the ifiveni=
tiop has been illustiated and describéd herein, it

uriderstood that changes may be msgde
theteifi within the §cope of the appeénded claims

without deparmng from the spmt of the inven-
tioti 4§ definied in the claifiis in this application.
We: clafms
{. An electric psychometsr comprising &n élec-
trie cireuif, a Whedtstotie bridee connectsd in

said circuit gid ineluding input diid cutput Teads -

and a plurality of Tesistors forming legs of said
bridge, électrode medns addpted forF engagemnent
with the skin 6f & person dand so coinected with
said brxdge fhat the resistafice of the skin forfs
orie leg of said bridge, an dm lifier in- said cireuit
afid connécted with the output ledds of sald
biidge, anid. 4 meter i said c1rcu1t fm :
the output of sald amphﬁex ; -
shuiit donriected i sdid ¢ir cu1f, arotnd saxd
meter, and. a relay responsive & to the flow of cuk-
vent to sdid meter and adapted to ¢lose said shunt
when clitrént fl6w  redches & predetermmed
value.

" 4. An eléctric psychometer comprising an. elec- .

tric. circuif, a Wheatstore bridge coiigcted in:
said eiredit and mcludmg input and output’ leads
a,nd. a pluxahty of resistors foriming Tegs. of said
bridge, electrodé means adapted. for engageient
with the skin of a person and so éornected With
said bridge that the resistance of the skin forms
ohe leg of said bridge, dn amphﬁer i said ¢iie
and. conneécted with the output lédds of sal
bridgs, and-a meter in said eiicuit for mea,surmg-
the output of said amphﬁer and- m 5. respon-
sive to: a predetermlned electrical ¢oridition £61
shunting said meter.-

3. An-electric psychometex comprising dn elec-

tric circuif, & Wheatstone bridge corinected 1133

said citeuit and including iniput and output leads’

" piit 6f satd Wheatstone Bridee, meéans in- &
c1rcu1t for measunng the output

o satd amplifier, olie of snid résistors being &
varlgbio balaticiig resistorF snd incliding a sHder
coiinested te onie of Said output leads 161 eentey=
ifg suid meter.

4. An electric psychometer comprising an elég=
t¥i¢ cmmm & Wheatstone bridge connec"t,ed in

Pl
i mﬁars forxmng 1egs of said
dapted for engageiment

d and adjustablé ﬁé vary the
- bridge:
Sy ch meter rpprisfng af eleca

amplifier’ i1y s

of said d&F
s#id brides to

6 stotl

and a. plura,hty of resistors forming Iégs of said

bridge; electrode means: adaptfect for engagement'

with: the skin-of a-person and directly ¢onnected:
with-said bridge so. that the resistance of the: sk’m
forms one leg of said bridge and- said- brldge i
instantanéously responswe to vdriaticns in skim
resistarice, an ariplifier i said cifcuif’ and’ coni=

nected with the outpiit feuds of said bridge, and
a meter in s&id ¢lrcuit for megsuring the outpuﬁ

70

{3

amphfier in Sand ‘éireuit for
put of sald Wheatst.one‘ bridse
Gl tﬁe oty

ing & slidey’, ' riable’ r
slideér drid &rém;ﬁ#zee §6i
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9 .
connected at one input-lead and in series with
the resistance element of the third resistor and
with the slider of that one of the first named
resistors connected to the other input lead, one
output lead being connected to the slider of the
other of said first named resistors, the other otit-
put lead being connected to the slider of the
third resistor,

9. In an electric psychometer, a Wheatstone
bridge circuit including a pair of input leads
and a pair of output leads, a pair of variable
resistors having resistance elements connected
in series between said input leads and each hav-
ing a slider, a third variable resistor having a
slider and a resistance element, a fixed resistor
connected at one input lead and in series with
the resistance element of the third resistor and
 with the slider of that one of the first named
resistors connected to the other input lead, orie
output lead being connected to the slider of the
other of said first named resistors, the other

10

15

20

10

output lead being connected to the slider of the
third resistor, and electrode means connected to
said bridge circuit in parallel to the resistance
element of the third resistor, said electrode
means being adapted for engagement with the
skin of a person whereby the resistance of the
skin influences said bridge circuit. )

PAUL L. WILHELM,

FRANK DONALD BURNS.
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