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January 28, 1980 

TO: The Honorable John N. Dalton 
Governor of Virginia 

and 

The General Assembly of Virginia 

I herein transmit to you the report of the Department and 
Board of Connnerce on the desirability and feasibility of 
licensure of Audio Stress examiners. This study was authorized
by HR 45 of the 1979 session of the General Assembly. 

The report concludes that, based on the study conducted to 
date, no action be taken to license in this area, but that 
further study be conducted. 

Sincerely, 

£'1r7� 
Rr-.r' Herrink 

Attachments 



RECOH:-fENDATIONS AND FURTHER ACTIOil 

The Board of Commerce recommends that no legislative action 

be taken this year to license Audio Stress Examiners under 

Chapter 27, Title 54 of the Code of Virginia. The investigation 

to date concerning voice stress analysis has not found it to

be clearly an effective method for the determination of deception. 

Upon completion of the field evaluation, the Department of 

Commerce will make further recommendations and a final report 

prior to the 1981 session of the General Assembly. 

The use of such machines can have profound consequences for 

the individuals examined. Truth detection devices have been 

used to screen prospective applicants for jobs, conduct criminal 

investigations, terminate employees suspected of theft. These 

devices can also be used covertly and. final recommendations on

their use, should the method prove to be valid, will likely 

include certain restrictions on their use if licensure is 

recom.mended. 

The Board of Commerce will continue to study this matter 

under its general mandate to evaluate professions and occupa­

tions in Virginia in order to fulfill the intent of House· 

Resolution 45. 



HOUSE RESOLUTION NO. 45 

Requesting the Department · of Commerce · to conduct a study of the desirability and 

/easib11ity o/ licen�ure of audio. stress examiners. 

Patron-Callahan 

WHEREAS, the practice of certain professions and occupations is regulated by State law 
for the protection of the health, safety, and welfare of the public:. and 

WHEREAS, cun:ent State law, and regulation promulgated under such law, regulates the 
· activities of polygraph examiners; and

. WHEREAS, · through the operation of an· audio stress evaluator it has ·been alleged that
an audio stress examiner· can perform much the same tasks as are presently being. carried
out by polygi.-a.ph examiners; and

WHEREAS, it is highly desfrable that an unbiased and informed study of ·audio stress
examiners be. conducted prior to a decision as to the need for ·State regulation of their
profession; now, t�erefore, be it

· RESOLVED by the House of _Delegates, That the· Department of Commerce is requested
to study the desirability and feasit?ility of State licensure, certification or regulation of
audio stress examiners. The Department is requested to lay its findings, together wlth any
legislative recommendations, before the nineteen hundred eighty Session of the General
Assembly.



BACKGROUND 

This issue of audio stress examiners revolves around two 

proQ.lems: (1) The ability of the devices to indeed record voice 

characteristics that result in detection of deception (2) The 

needed training and/or examination of individuals to operate 

devices, assuming such are valid. 

-At the present time·audio stress machines are not permitted

,.for use in Virginia. Such activities are restricted to polygraph 

examiners who may only use a machine measuring at least two 

physiological reactions which relate to deception. An individual 

cannot be examined without his knowledge by use of the polygraph. 

Unlike the polygraph, however, audio stress devices purport 

to detect deception by measurement of the presence or absence of 

"microtremorsfl which are reflected in the voice. Responses to 

questions may be tape recorded and then charted or converted by 

the actual devices to a pattern. Patterns are then "read".by 

trained individuals. Some devices bypass the taping procedure 

and produce an indication of truth or deception immediately. The 

devices could be used without the subject of the examination being 

aware that such examination is being conducted. 

Pursuant to House Resolution 45, the Department of Commerce, 

through the Board of Commerce, spent the last year in study of an 

audio stress device manufactured in Virginia, has surveyed the 

literature and is conducting an evaluation in conjunction with 
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the State Police to compare this device to the polygraph.

The issues involved a�e substantial. If the device is

approved for use, it will be used for criminal investigations,

employment purposes, and may, upon stipulation, be introduced as

evidence in legal proceedings. Since a review of the literature

offers no conclusive evidence as to its validity, completion of

the formal evaluation should be a prerequisite to its licensure.

While the evaluation began in August 1979, after a

period of planning, a number of technical difficulties were

encountered. It is apparent that the device may require controlled

procedures to work effectively.

DESCRIPTION OF STUDY AND FINDINGS

Pursuant to House Resolution No. 45, the Department of

Commerce is studying the feasibility and desirability of licensure

of audio stress examiners.

In Harch of 1979 a subcommittee of the Board of Connnerce was

appointed to conduct the study. The appointees to the study are

Mrs. Polly Y. Campbell, Mr. Zack T. Perdue, and Mr. Alan

�cCullough, Jr., as Chairman. The Department assigned three staff

members to assist in the study.

The staff began the study by gathering all available informa­

tion and literature on the·subject of audio stress analysis. Those

persons recognized in the field of detection of deception were

notified of the study and were requested to make all information
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available. The studies and reports received were reviewed for 

all pertinent information concerning the use of the audio stress 

machines. 

Voice stress analizers are widely used in the private 

sector, and by law enforcement agencies; however, their use 

remains controversial. Investigation of research literature 

indicates conflicting opinions of the reliability and validity 

of coice �tress analyzers. The accuracy rate of the machines and 

the operators to detect deception range from 32 percent to one of 

100 percent. 

Michael P. Kradz, now an employee of Dektor Counterintelli­

gence and Security, Inc., the manufacturer of the Psychological 

Stress Evaluator, conducted a study �n 1972 to determine the 
.•

validity of the machine. At that time he was a police polygraph 

examiner with Howard County, i1aryland. Of the 43 subjects tested, 

he had a correlation of 100 percent between the polygraph and the 

PSE instrument. 

In 1973 the Army Land Warfare Laboratory contracted with 

Joseph H. Kubis to conduct a study comparing the polygraph with 

the PSE and the Mark II. The conclusion of the study was that 

neither of the pres�ntly existing voice analysis devices were 

accepted as valid within the constraints of the experimental 

design. However, it should be noted that the experimental design 

of the study has been highly critized. The weakness in the experi­

mental design is often cited as a factor which caused the PSE to 

rate a 32 percent accuracy. 
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In 1975 Dr. John W. Heissee, Jr., l:1.D., conducted a study 

using the alternate criteria supplied by the Army Land Warfare 

Laboratory for the Kubis Study. The PSE was tested for the 

validity and examiner-interevaluator reliability against knovm­

solution criminal cases. The results of the study indicate that 

the PSE is a very useful instrument in the hands of competent, 

well trained examiners who adhere to a prescribed format in 

determining truth and deception. 

Dr. rfalcolm Brenner, Research Associate with the University 

of Oregon, and Harvie Branscomb, Graduate Studies with the. 

Massachusetts Institute of Technolor:y, conducted research on the 

PSE. Based on their research they found the PSE not to be o·f a 

technical quality to be used in the detection of deception . 

In 1975 Gordon Barland, Ph.D, conducted a study to determine 

the validity of the polygraph and the PSE in detecting deception 

in· suspe_cts involved in criminal investigations. Barland found 

that the accuracy of each physiological measure recorded with 

the polygraph instrument exceeded chance level, whereas the 

accuracy of the PSE did not exceed chance level. 

Frank Horvath, Ph.D, conducted a study in which he compared 

the validity of the polygraph to that obtained with an audio stress 

evaluator. His research does not support the contention that audio 

stress analysis is useful in detecting deception. The PSE yielded 

an accuracy rate at only chance level. 

From the literature available on the subject of voice stress 

analysis, it is reasonable to conclude that the effectiveness of 

the method in accurately detecting deception has not been resolved. 
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At the present time, of the twentv-five states that license 
.. ., 

polygraph examiners, only one, North Carolina, issues licenses 

to voice stress operators. Four states, Alabama, Mississippi, 

Oklahoma and Oregon, have opinions from their attorneys general 

to the effect that the PSE and similar devices may not be used. 

In Illinois a circuit court has issued an injunction against 

their use. New York has passed a statute specificaliy pro­

hibiting the use of the PSE and similar devices in the employment 

context. In Pennsylvania it is illegal to use these devices 

surreptitiously. In Texas voice stress operators have been jailed 

and fined for using their equipment within the state. In 

Virginia recently a voice stress operator was fined for illegal 

use of the machine within the state. The state of Florida �eld 

public hearings in 1974 concerning the Psycholo�ical Stress 

Evaluator. The :hearing officer concluded that the PSE in the 

hands of a competently trained operator is equally as credible 

as the polygraph. At this time, however, audio stress examiners 

are not required to be licensed. 

The Department of Commerce is presently conducting a field 

evaluation to assess the reliability of voice 1 stress analysis 

procedures and instrumentation using the Psychological Stress 

Evaluator marketed by Dektor Counterintelligence and Security, Inc., 

Springfield, Virginia. Because of the inconsistency of con­

clusions reported in previous studies, the Department determined 

that conducting this field evaluation would best fulfill the 

intention of House Resolution 45. 
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•
Initial contacts for the study were made in March, April

and May to Dektor and the Virginia S�ate Police seeking their

assistance in the study. Dektor agreed to allow department in­

vestigators to attend an BO-hour course in the use of the PSE.

The Virginia State Police agreed to tape record actual polygraph

examinations for the purpose of charting through the PSE

instrument. Investigators attended the two-week training

course May 14 - 25, 1979.

There are two courses offered by Dektor, 40 hours and 80 

hours. The 80 hour course is offered for those persons who 

desire additional training and wish to apply for an audio stress 

examiner's license to operate the PSE in North Carolina. Upon 

conclusion of the course, one investigator provided the Depart-

•
ment with a descriptive analysis of the PSE instrument (Appendix).

In June a representative from Dektor appeared before the Board

of Commerce. Mr. Michael Kradz, instructor, demonstrated the

instrument and spoke to the Board concerning its operation.

A meeting was held at the Department of Commerce on

August 9th to formally establish the field study and to delineate

the areas of responsibility to those participating in the field

evaluation. Representatives of the Department of Commerce, the

Virginia State Police and Dektor were present and agreed sub-

stantially to the design of the evaluation.

In accordance with the study, two assumptions were made by

the Department: (1) that the General Assembly licensed polygraph

examiners and the use of the polygraph machine in Virginia;
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�herefore, th� polygraph process is assumed to be reliable in 

detecting deception; (2) that both the PSE operator from Dektor 

and the State Police polygraphers were competent in their field. 

It was decided that the Virginia State Police polygraph 

examiners, using their equipment, would tape record polygraph 

examinations. The results of the examinations and the tapes 

would be sent to the Department. The tapes would then be 

distributed to a PSE examiner of Dektor Counterintelligence 

and Security, Inc. and the investigators of the Department to 

be charted through the PSE process. The results obtained by 

the PSE examiners and the polygraph examiners would then be 

correlated by an independent statistician from Psychological 

Consultants, Inc. for comparisons of the voice stress analysis 

method for the polygraph. 

On August 23, August 28 and September 12 meetings were held 

at the State Police Headquarters. There were repeated technical 

problems with the equipment which was being used by the polygraph 

examiners to record the examinations. On September 27 arrange­

ments were made to take an examination tape to Dektor to have it 

charted on a PSE instrument. The results were of an acceptable 

quality which could be charted on the PSE. 

It was decided that a total of forty tapes would be charted 

through the PSE process. The Department has received these forty 

tapes and is now evaluating them. The Department had hoped to 
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have the tapes completed sometime ago; however, technical pro­

blems repeatedly set the study back in the schedule. It is 

expected that the report will be completed within three to 

four months . 
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LIST OF PARTICIPANTS 

ALAN McCULLOUGH, JR. - Chairman of the Subcommittee and
member of Board of Commerce 

- Board of Commerce

Board of Commerce

- Department of Commerce

- Department of Commerce

- Department of Connnerce

- Virginia State Police

- Virginia State Police

Virginia State Police

- Virginia State Police
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THOMAS A. SNEAD 

GILBERT W. GRAY 

EDWARD W. KUPEC 

DAVID PURDY 

- Dektor Counterintelligence & Security

- Dektor Counterintelligence & Security

- Psychological Consultants, Inc.



.ABSTRACT OF RESEARCH 

Kubis, Joseph F •. "Comparison of Voice Anal:t·sis and Polygraph as 
Lie DEtection Procedures." Final Report, Contract No. DA.�5-72-0217, 
Technical Report No. LWL-CR-03B70, August 1973, u. S. Ar:::y Land 
Warfare Laboratory, Aberdeen Proving Ground, Maryland 21005. Research 
conducted at Fordham University.· Reprinted in ?ol·,,·crra=h 3 (1) (March 
1974}: 1-47 •. 

Two voice analysis techniques were evaluated as lie detection 
devices in a simulated theft experiment which utilized 174 subjects. 
One group of subjects (n=l37) were examined with the polygraph at 
the same time as voice rec6rdings were taken. A smaller group (n= 37) 
was tested only with voice recordings. The results failed to demonstrate 
that either of the voice analysis techniques (?sychological Stress 
Evaluator and Voice Stress Analyzer) was effective above chance • 



ABSTRACT OF RESEARCH 

Brenner, Malcolm and Branscomb, Harvie "7he Psych:::>logical Stress 
Evaluator: Technical Limitations Affecting Lie Detection." Paper 
delivered at the Hearing on s. 1845, Sub-Cor.1mittee on the Consititution, 
Comrnittee·on the Judiciary, United States Senate, Washington, D. C., 
·September 19, 1978. Reprinted in Polygraph 8 (2) (June 1979}.

The authors conducted research on the PSE at Harvar� University 
and the University of Oregon. They found five basic shortcomings of 
the PSE. First, they found that the scoring is highly subjective. 
Considering an inter-judge reliability coefficient of a =  .SO as a 
minimum for psychological tests to be acceptable; they reported 
that four independent s_tudies of the PSE reported coefficient values 
of R = .56, R = .54, R_ = .39,. and R.= .38. Second, they found that the 

-scoring of words spoken changed according to the ling�istic properties
of the word. For example, the number nine gave a high stress .
response over the low response of the number eight, on the order of
two to one •. Third, they found that the scores depended on the quality
of the tape recording, with a.poor tape snowing less stress. PSE
analysis from tapes sent .over the telephone, a routine PSE procedure,
would characteristically show low stress. Fourth, the transcription
speed of the tape varied the PSE.scores. Using the two most common
spe.eds, 1 7/8 ips and 15/16 ips, and comparing the res?.!lts, inter-judge
reliability ranged from R = .43 to R = .47 for each subject. In 8% of
the cases, one speed showed high stress, and l;:ha other speed showed
low stress. Last, they found·th�t subjects r.�y be able to control

. their voice s�ress. Duplicating a:study by Dr. David Ly�ken in 
which he obtained 100% accuracy with ·the GSR, detecting 20 out of 20 
when subjects attempted to control their res;;onses; the authors using 
PSE and the same testing method were wrong in 19 out of 20. 



ABSTRACT OF RESEARCH 

Horvath, Frank "An Experimental Comparison of the Psychological 
Stress Evaluator and the Galvanic Skin Response in Detection of 
Decept�on," Journal of Applied Psvchologv 63 (3) (1978): 338-344.

A Psychological Stress Evaluator (PSE) and the GSR unit of a 
field polygraph were used to detect lies about numbered cards with 
30 male and 30 female college students. The detection rates for the 
PSE were at chance rates. 

The inter-rater agreement between two examiners who had formal 
PSE and polygraph training was R = .38 for PSE analysis and R = .92 

.for GSR evaluation • 



ABSTRACT OF RESEARCH 

"Detection of Dec'eption in Criminal Suspects: 

"A Field Validation Study" 
Gordon H. Harland, Ph.D. University of Utah, 
1975 

This study cxamlnl'd the accuracy or thl! p.:ly;:r:111h lt-ch­
nlquc Cor lhr dl!lcclion or di:CL'ptlun I.Jt criminal !IUSi)t:cts. Scv­
cnlv-scvcn suspects hwulvcd In G7 dlCfcrcnt· c:1scs '"'1?rr 
c:mmlncd by :t privar.! pnlyi:1·:1ph c:o1:11nim•r usi!'i: lhc !cc.ll-r::il 
modiric::ition or the 7.onc Cl'mparlson control question lcchnl<i'JC 
Sl:tnd:trd field polyi:raphs were U!;Cd to record r.:spi!':itlnn. lhc 
:ikin ,•1111,lurlam:I' n·s11uni1r. (Sltfl), anti c:al'<liuvasrul:ir :1rlivil:,, 
I.Jy nll':11111 nr 11ccl111111111 pklhy:111,ni:1�1;,hy. A minimum ,,r thrcL· 
pulyr,rnph ch:irt:i were obt:iined from each suspect. Addition• 
ally, the suspect:s' answers to the test questions were t:lpe re­
corded tor voice stress analysis with the i>sycholo:;ic:il Stress 
Ev:ilu:1101·, Model PSE-1. During the p1·ctest lnlcrvicw, lh!! 
MMl'I L,-sc:tle, K-:icalli, P:iyc:hop:ilhlr. D1:vi:111cy (Pdl sc:il!!, 
Dcprcm1lon (D) scale, :ind flypocondrlasls (Hs) scale were 
orally administered. 1'he !)olygraph :ind PSE charts were 
numea•ically evaluated 11slng standard lield scol'lng practice�. 
The slgnitlcanct? level for all tests in the study w.ui .OS, two­
tailed. 

The e,ciminer concluded that 55 (71.4%) or the 77 suspects 
were deceptive (DI) when they denied having committed t.ie 
act of which they wcro accusr.<l, 10 ( 13.o%) ol the subjects had 
no deception indicated (NDI), and the remaining 12 eJtami1..a­
tlom1 ( 15.6%) were Inconclusive. Excluding the inconclusives, 
84.6% of the decisions wc1•e DI. When the charts were re­
scored about sL,: months later, the score! were signi!icaaliy 
more conservative. ·SL'lty-five (84.4%) of the decisions re­
mained the same upon rescoring, In no case \�·.i.s a decision 
reversed: the main changes we1·e Crom a decision to inconclu­
sive. The mean absolute value of the scores of the NDI sub• 
jects (M= 3.8) was significantly smaller U1an that or the Dl 
subjects (M=-10.5). · 

In 1.7 oT19 cases (69.5%), the examiner correctly predicted· 
the polygi·aph outcome by observing the suspect's pretest be­
havio1·. In 27 examinations con!irmed by the confession or 
guilty plea of the suspect, lh<:i skin resistance response was tl"1e 
single most :iccuratP. physiological measure, being correct in 
25 of 26 decl�ions (96.:ifo). 

The sign or the PSE Mode III score agreed with the sign cI 
the polygraph score in 34 of 52 cases, which was si:;ni!icant. 

1'he accuracy or the examiner's decisions i.as assessed by 
comp:u·in� the decision to the consensus of a par.el consistin; 
or 5 attorneys and judges who had been presented with ill avail­
able evidence concerning each case with the exception or the 
polygraph examination result. The examiner's decisions 
agreed with the direction ol the panel's decision in 37 or 47 
casas (78. '1%), which was significant. When hig�er levels or 
agreement within th!! panel we1·r. requil'e<l ro1· a p:rnel decision, 
the agreement between the panel and l'1e polygraph examiner's 
decisions w:i.!i generally about as<:;., When unanimity or the 
panel was required for a panel decision, the l':ite o! agreemen� 
between the panel anc! U1e polygra:ih outcome was S3.3'o. The 
tllree disagreements occurred on s:ispects considered inr.ocer.t 
by the panel. When t.'1e e.uminer's decisions we:-e compared 
against lhe judicial outcome in those cases In which the judi­
ciary was unln!orrned of the po!ygriph outcome, the rate of 
agreement was 26 out of 29 cases (8!l. 'fl,), Ag:iin, the dis:igr-­
ments occurred or. suspe!:ts acquitted by the judicial process. 

None or lhe following biographlc:al variable� was rd:ited ta 
autonomic responsil1ty as recorded by the polygr:i;:;x age, sax, 
education, number of pre\1ous arrests, numb<!r o( previous 
polygraph examinations, dep!h of religious convictions, and 
type of crime committed. No 111·ac:lcal e!rect upon autonomic 
responslvity of the suspects' scores on the �a!Pl scales was 
found, including the psychopathic deviancy scale. 

It was concluded that, wi!hin the limitations inherent in 2n1 
attempt to validate the po!ygraph technique outside or the bto­
ratory setting, the results o( this stuc!7 support the propo5i!ion 
that caref'Jlly administered control question pol,gr.iph e.umi:-.3.­
tlons are highly accurate ln assessing the cre.:!.lbi!it, or cri:::i-
ln:al suspects. Order No. 7S-2!!,S7.;, 72 pag'!'s. · 



'rHE PSYCHOLOGICAL STHESS iWALUATOR 

by 

s. Suzanne Falls

June 20, 1979 



·TABLE OF CONTENTS

INTRODUCTION • • • • · • • • • • • • • • • • • • • • • • • • • • 1

MICROTREMOR AS DEFI11ED BY DER.TOR • • • • • • • . • • • • • • • 2

WHAT IS A PHYSIOLOGICAL TREMOR? 

HOW SOUND IS PRODUCED IN HUMANS 

THE MECHANICAL USE OF THE PSE • 

• • • • • • • • • • • • ••• • 3

. . . . . . . . . . . . . • • 4

e • e a a e e I a e I e e • • 5

CORRECT PROCEDURE FOR USE OF THE PSE IN DEI'ECTION OF DECEPI'ION.6 

IDEN'-rIFICATION OF RESPONSES IN PSE CHARTS. • • • • • • • • • • 8 

VARIABLES IN A TESTING SITUATION WHICH CAN INFLUENCE RESPONSES.12 

SUBJECTS WHO CANNOT BE TESTED • • • • • • • • • • • • • • • • • ta 

BIBLIOGRAPHY . . . . . . . . .. . . 8 e I D I e 8 8 e I . . . . . . 1� 

REFERENCE • • • • • • • • • • • • • • • • • • • • • • • • • • 15 

i 



INTRODUCTION 

It is the intent of thi.s report to provide a concise descriptive 

analysis o� the.Psycholog�cal Stress Evaluator marketed by Dektor 

Counterintelligence and Security, Incorporated, 5508 Port Royal Road, 

Springfield, Virginia 22151. In this description the electronic, 
. . ·. . . 

, 

psycholoe;ical, and physiological terminology which describes those 

aspects of this machine has been reduced to terms which may more 

readily be understood by persons who are not electronics engineers, 

psychologists, or physicians by profession. The sources of information 

for this report whic� are not cited in eit.her the reference section of 

the report or the bibliography include the following: 

a. A two-�e.ek instructional coµrse in the use of the Psycholog_ical

Stress Evaluator provided by Dektor,

b. Dr. Glen L. Bull, Assistant Professor of Speech Pathology at

the University of Vi�ginia, Charlottesville, Virginia, and

c. Mr. Wes �cDonald, a Research Engineer at the University of

Virginia •

The Psychological Stress Evaluator will hereinafter be referred to by 

its initials (PSE). 

The PSE was invented by Allan D. Bell, Jr., Wilson H. Ford, and 

Charles R. McQuiston. A patent was granted these men for the PSE by 

the United States Patent and Trademark Office on July 20, 1976. A 

copy of this patent is included in the reference section of this·report. 

According to.this patent the PSE provides a method of detecting psych­

ological stress by the conversion of vocal utterances into electrical 

signals. These signals are processed to emphasize specific inaudible 

characteristics of the voice. These inaudible characteristics are 

said to change with various psycho-physiological changes. 

The psg as described above is used in the detection of deception as 

well as in the field of Behavioral Science for psychological testing. 

One of the current uses cited by Dektor is the testing of air traffic 

controllers to determine the stress levels associated with various 

types of air traffic handled by -t.>0 l;OIJ,trollers • 
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MICROTREMOR AS D�INED BY DEKTOR 

The muscle microtremor is the physiological basis for the develop­

ment of the Psycholo�ical Stress Evaluator by Dektor. Dektor defines 

this microtremor as an inaudible wave form resulting from the physio­

logical tremor described by Lippold as occurring in the voluntary 

muscles. This wave form is an infrasonic (inaudible) frequency mod­

ulation which modulates the carrier wave (the audible portions of the 

voice). 

The muscles associated with the vocal folds and the cavity walls of 

the larynx are subject to mild muscular tension when an individual is 

under slight to moderate stress. ·This tension is sufficient to lessen 

or to dissipate the physiological tremor of the voluntary muscles of 

the larynx. 

In the muscles of a relaxed or unstressed person the extent of the 

microtremor is at a maximum of. eight to fourteen Hertz. The amplitude 

of this tremor diminishes or ceases entirely when the amount of stress 

experienced by an individual increases. 
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WHAT IS A PHYSIOLOGICAL TREMOR? 

The source for the d�finition·of a physioiogical tremor is an 

article entitled 'Physiological Tremor' by Olof Lippold, which was 

published in the Scientific American, March, 1971. A copy of this 
. 

. 

article is included in the reference section of this report. 

The phenomenon identified by Lippold's article as a physiological 

tremor consists of minute oscillations varying between eight and 

twelve cycles per second which accompany the contraction of a 

voluntary muscle. This tremor varies from one individual to another, 

and in the same individual from time to time. The amplitude of a ., 

normal tremor can be reduced by resting the muscle or increased by 

strong contraction of the muscle. The frequency of a normal tremor can 

be altered by warming or cooling the muscle. 
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HOW SOUND IS PRODUCED IN HUMANS 

In the larynx are two folds or bands of tissue called the vocal 

folds. When not in use in the production of speech these vocal folds 

are laid back with a wide opening to allow for respiration. They are 

connected to the interior of the larynx by muscles: the Cricothyroidei 

muscles, which cause tension and elongation of the vocal fold.s; and 

the Thyroarytenoidei muscles, which shorten and relax the vocal folds. 

In normal speech air in the lungs is at first contained by the clos­

ing of these vocal folds. The vocal folds then open slightly to emit 

short. puffs of air. This air resonates through the remainder of the 
larynx, the pharynx, and the sinusoidal cavities, is modified by the 

teeth, tongue, and lips, and results in the production of a sound wave. 

During the course of normal speech in the average human male the 

vocal folds open and close approximately one hundred times per second. 
Each_time the vocal folds open and close constitutes one complete cycle. 
In normal speech the period, ( the amount of time required to complete 

one cycle of the vocal fold opening ana closing), varies from cycle to 

cycle. Thus a low pitch is produced by longer periods. 

The number of complete cycles per second is referred to as the 

frequency of the sound wave or the fundamental voice frequency. One 

cycle per second is equivalent to one hertz. The length of the vocal 
folds, their degree of tension, and their mass can a�l affect frequency • 
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THE MECHANICAL USE OF THE PSE 

The PSE-101 which is current�y in use is .an updated version of the 

original PSE-1 for which the patent was obtained. The PSE-101 is 

utilized in the following manner. First a recording of the PSE exam­

ination is made on either a cassette recorder or a reel-to-reel record� 

er. Conventional cassette recorders record at one and seven-eights 

inches per second. Recordings made on a reel-to-reel recorder should 

be made at the speed of seven and one-half inches per second to allow 

them to be run through the PSE at either one quarter or one eighth of 

their original speed. Dektor has developed a cassette deck called the 

Dek which allows cassettes recorded at the standard one and seven-eights 

inches per second to be reduced to one-half, one-quarter, or one-eigh�h 

of their original speed for processing through the PSE. 

The PSE is attached to a tape recorder by a patch cord and a power 

cord for charting. Tape recorders recommended by Dektor include the 

Dek for cassettes and the Uher for reel-to-reel tapes. Power for the 

tape recorder is provided through the PSE, and the PSE is powered from 

a standard one hundred-fifteen volt supply outlet. The recording speed 

of the tape recorder is reduced by either one-quarter or one-eighth, 

and the recording is processed through the PSE •• This recording may be 

either selectively or wholly reproduced by the chart recorder of the 

PSE, which contains heat-sensitive chart paper and a heated stylus. 

The chart drive speed may either be set at twenty-five or fifty 

millimeters per second, depending on the Mode chosen for charting the 

responses. 

The PSE has four Modes which can be used to change the size of the 

pattern and the distribution of the pattern on the chart paper. Mode I 

displays amplitude, with the least discernible pattern to the responses. 

Mode II has a more discernible pattern than Mode I, and is useful for 

identifying diction blocks and charting unstructured conversation. 

Mode III causes the wave form pattern to increase vertically and hori­

zontally so that changes in the pattern are more readily identifiable. 

Mode DI eliminates amplitude and centers the pattern activity on the 

chart pa.per. Of the four Modes available for charting, Mode III is the 

most commonly used in charting structured test responses. 
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CORRECT PROCEDURE FOR USE OF THE PSE IN DEI'ECTION OF DECEPI'ION ·. 

According to Dektor, proper detection of deception cannot be done 

covertly with one.set of questions. Anything short of an overt 

face-to-face testing situation results in a process of elimination 

of probable stressful responses. Therefore, Dektor teaches the 

following method of using the PSE in the detection of deception. 

Prior to testing an individual, a personal history is completed by 

the subject. This form ideally should include questions about the 

subject's present physical condition, background, education, and 

med�cal history. The subject is then introduced to the examiner, 

who advises the subject that the entire proceedings are being taped. 

The examiner then reviews release forms and/or Advice of Rights to the 

Accused forms with the subject, which are subsequently signed by all 

present. 

�n the pre-test interview the personal history form is reviewed 

with the subject. Relevant, irrelevant, and control questions are 

established and reviewed with the suoject. The subject is assured �hat 

no question which has not been discussed thoroughly with him will be 

asked during the examination. The PSE is explained to the subject 

so that the subject's fears about the tests and the instrument may 

be allayed. 

The following structured tests are taught by De�tor: the Peak of 

Tension test, the Irrelevant-Relevant Technique, the General Question 

test, the Zone Comparison Test, the ·'rruth Versus Lie test, the Stim­

ulation test, and the Pre-employment test. Any of these. tests or 

adaptations of them are used by PSE examiners. 

The first test given is generally the Modified Zone Comparison 

Test. The resultant chart of the subject's responses is used by the 

examiner to establish the subject's normal ·level of stress. . Examples 

of distressed responses are pointed out to the subject on the chart, 

and his help in determining the cause or causes for these responses 

is solicited. After the subject has verbalized his reasons for the 

distressed responses in his chart, another test is made using the 

same set of questi.ons. If the subject has correctly identified 

the reasons for his distressed responses, there should be no indications 
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PROCEDURE (Continued) 

of distress in the seex>nd chart. If indications of distress are still 

evident on the subject's chart, the examiner undertakes further dis­

cussion with the subject to determine the reasons for this distress. 

Questions are again formulated and dis�ussed with the subject relative 

to the ex>ntent of the questions and their meaning to the subject. If 

the subject admits his guilt or complicity in a specific act in the 

discussion with the examiner, a final test is used in the same manner 

to establish the veracity of the subject's statements. During the 

testing situation various forms of the aforementioned structured tests 

may be used which have been modified to the individual situation at 

the discretion of the examiner. 



IDENTIFICATION OF RESPONSES IN PSE CHARTS 

In the normal speech of persons who are not experiencing excessiye 

stress the cycles charted by the PSE are irregular, with the entire 

pattern resembling a wave form. Some degree of uniformity in these 

cycles may be present in the chart of a person who is experiencing a 

high level of stress. For this individual the normal level of stress 

displayed in his charted responses would necessarily involve a consist­

ent degree of uniformity. It is necessary to identify this consistent 

level of uniformity so that it may be differentiate� from very highly 

stressed, or distressed, responses. 

Distressed responses are interpreted from the chart display of the 

.subject's responses as being either those which exhibit a high degree 

of uniformity in comparison with those displaying an irregular wave 

form, or those showing a deviation from the normal stress level which 

has previously been established for the subject. Patterns which 

exhibit a high detf"":P of uniformity are said to lack frequency modula-

. tion, thereby causing uniformity exhibited in square blocking, 

diagonal blocking, a doming forI111:tion, or a tendency to produce a 

block, diagonal or dome. Patterns which exhibit a deviation from the 

normal stress level include cyclic rate changes, diction blocks, and 

gross changes. The cyclic rate change becomes meaningful in interpret­

ing distress only when it is part of a response which exhibits uniform­

ity as in a block, diagonal, or dome. In a diction block all of the 

words in a multiple word answer occupy or attain the same -height on 

the PSE chart without any adjustments having been made to the equip­

ment. The diction block becomes meaningful in the interpretation of 

distress when it is involuntarily produced by the subject. A gross 

change is said to occur when all of the other charted responses are 

multi-cycled, and a specific response appears on the chart as only one 

cycle. 

Responses which exhibit a higher degree of uniformity are compared 

with other responses in each chart to determine the deviation from 

the normal level of stress of the subject, Responses to the same 

question should not be compared between two charts which are made 

from separate tests because the subject's interaction with the examiner 
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IDENTIFICATION OF' RESPONSES IN PSE CHARTS (Continued) 

has caused the subject's implicit set to change. Any comparison of 

these two answers would produce invalid assumption. 

Displayed below are examples from the Dektor Manual which exemplify 

distressed responses• 

Square Blo eking 

Diagonal Blocking 

Doming Formation 
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Tendency to form Block, .Diagonal or Dome 

• 

Cyclic Rate Change 
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IDENTITt1 ICA'rION OF RESPONSES IN PSE CHARTS ( Continued) 

J 

Gross Change 

• 

Diction Blocks 

l 
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VARIABL&3 IN A ·rES'rING SITUA'rION WHICH CAN INFLUENCE RESPONSE3 

There are a multitude of variables in the testing situation which 

can and do influence the responses made by subjects while they are 

undergoing a P3E examination. Many of these external stimuli can be 

eliminated or adjusted so that the situational anxiety manifested by 

the subject is minimal. 

'rhe relationship of the examiner to the subject should be totally 

objective. An examiner should never test coworkers, family, or friends, . 

because the examiner's personal involvement with the subject can.and will 

influence the examiner's interpretation of the results of the PSE exam­

ination. The room in which testing takes place should be large, light, 

and well-ventilated. 

Since vocal responses from the subject are necessary, it is desirable 

to establish a rapport with the subject prior to administering any tests. 

In order to establish this rapport it is necessary for the examiner to 

determine from observation and discussion with the subject certain 

basic attitudes held by that subject. -communication with the subjec� 

must be in the language the subject uses to communicate in order to 

avoid the possibility of misunderstanding of word usage, meaning, or 

· application by either the examiner or the subject.

Th.:. "'R.nner in which the examiner conducts the examination can also 

produce misleading anxiety responses from the subjec�. Many persons 

feei threatened by authoritarian figures; thus an examiner who presents. 

an image of authority to the subject introduces unnecessary anxiety into 

the testing situation. Some subjects tend to feel more comfortable with­

out direct eye contact with the examiner. All subjects perceive them­

selves as having a territorial space surrounding them. Violation of 

this territorial space by the examiner can produce anxiety. Some 

subjects may evidence misleading anxiety when requested to answer 

questions with a simple affirmative or negative response. In this 

instance anxiety lessens if the subject is allowed to qualify his 

responses during the examination. 
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SUBJECTS WHO CANNOT BE TESTED 

The proper use of a personal history form prior to the testing of an 

individual should eliminate. the _following p�rsons who would evidence 

distress throughout their PSE charts, and who should not be tested: 

a. Epileptics, 

b. Diabetics, 

c. Persons suffering from or undergoing treatment for hypertension,

d. Hypoglycemics,

e. Individuals with a dependency, (i.e. drugs or alcohol),

f. Females who are experiencing pre-mens�rual anxiety or menstrual

stress, or who are taking mood �levators after a hysterectomy, 

g. Females who have ceased taking birth control pills and are

experiencing withdrawal symptoms,

h. Individuals who have not had the proper amount of sleep, food,

etc.,

i. Individuals who are suffering from any type of disease which

impairs or affects the muscles, and

j. Persons who have recently experienced sensory deprivation,

(i.e. persons who have been in solitary confinement).

Another category of subjects who cannot successfully be tested 

includes persons who are referred to as 'Guilt Complex Reactors'. 

These persons evidence a high level of anxiety to all relevant and 

irrelevant questions in an examination. 
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[571 ABSTRACT 
. , A method of detecting psychological stress by evaluat­

ing manifestations of physiological change in the . 
human voice wherein the uttcrJnces of a subject 
under examination are transduced to electrical signals. 
and processed to emphasize selected characteristics 
which have hccn found to change with psycho-physio­
logical state changes. The processed signals are then 
displayed, as on a strip chart recorder. for observa­
tion, comparison and analysis. An especially useful 
characteristic Le; an infrasonic modulation in the voice. 

· Apparatus for performing detection of this type in­
cludes a transducer, a magnetic recorder, a series di-

. ode, a plurality of integrating capacitors, an amplifier 
and a chart recorder. A second apparatu� includes fil­
ter means, an FM discriminator and a detector, a 
waveform integrator, an amplifier and a recorder for 
producing a visible record. 

9 Claims, 10 Drawing Figures 
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PHYSIOLOGICAL RESPONSE AN ALYSIS 
METHOD AND APPARATUS 

A further  object is to provide an apparatus for pro­
viding a v isible record of those charac teristics of the 
human voice by which physiological changes can be 
detected and from which the existence of psychological 

This is a continuation of arpl icat ion Ser; No." S stress· can he determined, 
1 1 3 ,949, filed Feb. 9 .  I 97 I ,  now . abandoned. Briefly described, the method cif the i nvention in,-. 

This invention relates to a method of detecting and eludes the steps of record ing oral utterances of a sub-
measuring psychological s tress and to an apparatus for ject on a visually observable medjum and identify ing 
accompl ishing the method . frequency components of the recorded utterances 

Throughout history. various · societies have recog- 1 0 which ind icate physiological manifestations of the psy-
n ized the fact that there is a relationship hetwcen psy- chological stress. More specifical ly .  the frcqu�ncy 
chological stress and changes in physio logical states. components which can be identified as ind icating the 
One manner in which th is re lationship has been em- physiological state changes involve, in part . the infra-
ployed is in the causation of programmed response to sonic variations between utterances of a subject, 
psychological stimuli , a technique which has most nota- I 5 changes in the infrasonic frequency variations be ing 
hty been documented by Pavlov in his experiments with indicative of stress. 
cond itioned responses. F.ssenti;d ly the same character- . The appamtus of the invention includes tmnsducer 
istics have provided some hasis for the development of · means for converting oral u tterances or a suhjcct i nto
. techniques in such diverse fields as applied psychology , electrical signals, me.ms for converting the frequency 
advertising and hypnotism . Although the existence of  20 modulatio ns in those electrical signals to amplitude 
this aspect of the psycho-physiological relationship is modulations, and then recording the ampl itude modu-
well recognized, it is only indirectly involved with the lations thus produced on a visible record which can 
present invention. then be observed to detect indications of psychological 

The second general type or category of the psycho- stress. 
physiological relationship, which is or more direct in- 25 In order that the mariner in which the foregoing and 
terest to the present invention, involves the recognition other objects are attained in  accordance with the in-
and identification of physiological changes which occur vention can be understood in detail , particularly advan-
when the psychological changes take p lace. This ap· tageous embodiment,; thereof will be descrihed with 
proach is used more often in medical and psychological reference to the accompanying drawings, which form a 
research and diagnosis, and in l ie detection. 30 part of this specification ,  and wherein :  

I f  t he  physiological manifestations of a change in · FIGS. I and 2 are reproductions of records drawn in 
pllychological state are sufficiently great, it is possible accordance with the invention and illustrating one as-
for some subjective evaluations to be made hy visual, pec:t thereof; 

· unaided observation hy a trained observer. However, .FIGS. Ja-c arc reproductions of a record drawn in a 
far more accurate cvnluation can be made by instru- 35 test of the method or the invention and using the app.1-
mentation designed . to detect and measure · reh1tively . ratus of the invention; 
small degrees of physiological ch:mge. Those physio- FIGS. 4a-c are reproductions of portions of a record 
logical changes most usually considered are brai!J wave drawn in a test of the method of the invention and using . 
patterns, heart activity, skin conductivity and breathing the apparatus of the invention; . 
activity. One example of such a technique is found in 40 ·FIG. S is a schematic diagram, in block form,  9f' an 
U.S. Pat. No. 1 ,788,434 to 'Leonarde Keeler. apparatus in accordance with the invention; and 

While the measurement of these activities does pro- FiG. 6 is a schematic diagram of a further apparatus 
vide a far more accurate evaluation of' physiological in accordance with the invention. 
response than does direct unaided observation, it intro- The so-called voice vibrato has been established as a 
duces several d isadvantages. The most functionally 45 semi-voluntary response which might be of value i.n 
serious of these problems is the artificial ity of the test- studying deception along with certain · other reactions; 
ing situation caused large ly by the previous require- such as respiration volume; insp i ration-expiration ra-
ment that sensors be attached to the person who is the tios; meta bol ic rate; regularity and rate of respiration; 
subject of the examination. In  addition, techniques association of words and ideas; facial expressions; 
heretofore used have generally requi red a control led 50 motor reactions; and reactions to certain narcotics; 
environment with resultan t restrictions on the normal (TROVILLO, PAUL V.  "A History of Lie Detection ,"  
activity of the  subject; These requirements can be ex- The Journal of Criminal Law and Criminology , Mar-
peeled to induce  a psychological. "se t"  in the subject April May-June 1 939. ) however, no useahle technique 
which ,  in some cases. may be as strong as, or stronger has been developed previously which permits a valid 
than , the psychological set which is to be evaluated, 5S  and reliable analysis of voice changes in the clir , ical 
thereby substantially reducing the validity of the evalu- determination of' a subject's emotional state, opinions, 
ation.  or attempts to deceive. 

An object of the presen t  invention is to provide a Early experiments involving attempts to correlate 
method of evaluating psyc hological stress by detecting · voice quality changes with emotional stimuli  ( see SEA-
and measuring manifestat ions of physiological changes 60 SHORE, C. E. ,  " Phonophutography in t he Measure-
wherein the trad i t ional restraints arc min imized or ment of the Expression of Emotion in Music an,J 
cl im im1ted (u the extent that ,  in some cases, the subject Speech," Sci. Mo. 24:463-47 1 ( 1 927 ) ;  and M ETFES- · 
under exam ination need not know that he is being SEL, MILTON, ' 'What is the Voice Vibrato?" Psycho! .  
examined.  . Monog .. .3 9  ( 2 ) : 1 26- 1 34  ( 1 928 ) have established that 

A further ohject of the inven tion is to ut i l ize the 65 human speech is affected by strong emotion. l t · has not 
human voice as the medium hy whic.h changes in physi- yet been estahlished t hat these changes are directly 
ulo�ic; 1 l  state in response to psychological stress arc · re lated to the functioning of the .iµ tunomic nervous 
Jctccted. system. In  fac t ,  the resu lts ur recen t  experiments by the 
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. inventors ha\ie cstahl ished that c.let<'ctahlc changes . i n  frequency modulation which is . present.  i n  some <le· 
the voice occur much more rapidly ,  followi_ng .stress grce,  in hoth the vocal cord sounds and in the formant 
stimulation ,  than do the c lassic indications of phy�: ia- · sounds. This signal is typically between 8 and 12 Hertz . .
logic.ii m;m i fcstatinns n:suhing from the function;ng , ,r Accordingly ,  it is  nur auc.lihle t�, the hunmn car .  Be­
the autnn1 1 1nic nervous system. · S c.iuse ,,r the fad th;ll this characteristic consti tutes

lbese ex periment:-. h.ive further established two types frequency modu l.1tion. ;is dist inguished from amplitude 
of voice ch;mge :L"i a resu l t  nf stress. The first of these is modulation, i t  is not dirc!.:tly discernible on t ime· 
rcfcrn:d to .ts the gross change w hich usually occurs . h.tse/;tmpl i tude chart recordings .  Because of the fact 
only as a result  of a substantially stressful situation.  that t-his infrasonic signal is one of the more significant . 
This ch:mge manifests itself in audibl� perceptible 1 0  voice indicators of psycho.logical stress. it will bt: Je:dt 
ch.tngcs in spe.iking rnte. volume, voice tremor, ch;mge with in greater dct;ii l .  
in spacing between sy l labics, ;md a change in the fum.la� There arc in ex istence scvcr:il analogies which ·arc 
mental  p i l�h or frequency of the voice. This gross used to p m\iide schem:itic rcpreseniat ions or th,; ent ire 
change is suhject to conscious control, at le:1st in some • · voice process. Roth mechanical and electronic analo­
suhjccts. when the stres.'I level is below that of a total I !i gics arc successfully employed. for example. in the
hiss or contrnl. 

· · design or computer voices. These analogies, however, 
The !iecond type of voice change estahlished was that · consider the vuiccd sound source ( vocal cords) and the

of voice 4u .ility. This type of change is not disecrnihle w:il ls or the cavi ties as hard and constant features. 
to the hum.tn car, hut is :m :1pparently 1,1nconscious However, buth the voe.ii cords and the walls of the 
manifestat ion or the sl ight tensing of the vocal cords 2t1 major formant-producing cavities constitute, in reality, 
under even minor stres.'I,  resul ting in a dampening of flexihle tissue which is immediately responsive to the 
!!elected frequency variations. When graphically por- . complex arr.iy or muscles which provide control of the 

· trnycd, the difference is readily discernible between . tissue. Those muscles which control the vocal · cords
unstressed or normal . · voc.1li1.ation and vocal ization through the mechanical l inkage of bone and carti lage
under mild stress, attempt" to deceive, or adverse atti- :?� allow both the purposeful and automatic production or
tudes. These patterns have held true over a wide range voice sound and variation of voice pitch by an indiv id-
nf human voices of huth sexes, various ages, and under ual. Similarly .  those muscles which control the tongue, 

· various situ.itional cond itions. This sccund type or l ips and throat allow both the purposeful an� the auto-
change is not subject to conscious control. matic control of the first formant frequencies. Other 

As previously understood, there are two types of JO formants can be affected similarly to a more limited 
suund produced by the human vucal anatomy. The first degree. 

· type of sound is a prodl!ct of the vibration of the Vl>Cal It is worthy of note that, during normal speech, these 
cords , which. in turn, is a product of partially clusing · muscles arc performing at a smal l percentage of their 

. the glottis and forcing .air thrliugh the glottis by con- · total work capability. For this reaStm , in spite of tht:ir · 
traction of tht: lung cavity :ind the lung.,; .  The frequen- 3S being employed to change the position of the vocal 
cies of these vihrntinns c;m \i:lry general ly between I OO cords and the positions of the lips, tongue, and inner 
and 300 Hertz, depending upon the sex and age of the throat walls, the muscles remain in a relatively relaxed 
speaker and upon the intonations the speaker applies. state. It has been determined that during this relatively · 
This sound has a rapid decay time. relaxed state a natural muscular undulation occurs 

The second type of sound involves the formant frc- 40 typically at the 8- 1 2  Hertz frequency previously men · 
quencies. This constitutes sound which results from the tfoned. This undulation causes a slight variation in the 
resonance of the cavities in the head, including the tension of the vocal cords and causes shifts in the basic 
throat, the mouth, the nose and the sinus cavities. This · pitch frequency of the voice. Also, the undulation var­
sound is created by excitation of the resonant cavities ies slightly the volume of the resonant cavity ( particu­
by a sound source of lower frequencies, in the case of 4S larly that associated with the first formant )  and the 
the vocal ized sound produced by the vocal cords, or by elasticity of the cavity walls to cause shifts in the for-
the partial restriction of the passage of air from the mant frequencies. These shirt,; about a central fre-
lungs, as in the case of unvoiced fricatives. Whichever _ quency constitute a frequency modulation of the cen-
the excitat ion source, the frequency of the formant is tral or carrier frequency. 
determined by the resonant frequency of the cavity SO -It is important to note that neither of the shifts in th-= 
involved . The formant frequencies appear generally basic pitch frequency of the voice or in the formant 
about 800 Hertz and appear in distinct frequency bands frequencies is detectable directly by a l istener, partly 
which correspond to the resonant frequency of the · because the shifts are very small and partly because
individual cavities. The first, or lowest, formant is that they exist primarily in the inaudible frequency range 
created hy the mouth and throat cavities and is notable SS previously mentioned. 
for its freque ncy shift as the mouth changes its dimen- In order to observe this frequency modulation any 
sions and volume in the formation of various sounds, one of several existing techniques for the demodulation 
particu larly vowel sounds. The highest formant fre- of frequency modulation can be employed, bearing in 
quencies arc more constant because of the more con- mind,  of course, that the modulation frequency is the 
stant volume of the cavities.  The formant wave forms 60 nominal 8- 1 2  Hertz and the carrier is one of the h:mds 
arc ringing s ignals, as oppuscd to the rapid decay sig- within the voice spectrum .  
mi ls of the \iOCal cords. W hen voiced sounds are ut- An example of the infrasonic variations discussed · . . 
tercd, the voice wa\ie forms are imposed upon the for- above can be observed in FIG. I which shows a record-
mant wave forms as ampli tude modu lations. ing made from the electrical signal resulting from a 
. It has been discovered that a third s ignal category 65 "  transduced voice of a normal unstressed subject. The 

exists in the human voice and that th is third signal  figure <!epicts the pulses of the amplitude modulation 
category is related to the second type of voiC!= change of form,111 ts by a voiced signal of appmximately I 90 
discus."icd ;ihove. This is an infrmmnic , or suhsonic, Hertz. the v:1 ri.11 inns wh ich appe:ir as :implitudc varia-
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tions in FIG . I hc ing ampl itude rcprescn t�1t ion,; of frc- plays an aggregate of pncumographic, c:irdiographic 
-qucncy modulat ion , the cunvcrsion being madt: hy and, to a lesser degree, infrasonic in fluence. The signal  
simple s lope detection . _ for this d isplay has heen rather highly integrated to 

In order to more fu ll y understand the repre:-cn tation · show more clearly the gross aggregate effect. The tech­
of FIG. I. the concept of a "ccntt:r of mass" or th is · � ni4ue demonstmtcd by this chart is particularly usefut "  
wave form must be understood. I t  is possible to  approx- in determ in ing stress zones in tests wherein the answers 
imately determine the midpoint between the two ex- constitute longer statements, y;herein the statements 
trcmes of any single excursion of the recording pen as include d ifferent wi>rds, or wherein the tests are very 
the wave form of FIG . t was drawn.  If the midpoints long requ iring large numbers or statements: The cvalu-
between ex tremes of all excursions are marked and if  10 ation is made simpler in these longer statement runs . 
those midpoints arc then approximately joined by a because wave form complex i ty is sign ificantly reduced 
continuous curve , i t  will be seen that a line approximat- as compared with the wave forms shown in  FIGS. 1 and 
ing an average or "center of mass" of the ent ire wave 7. · 
form wi l l  result. For exam ple. the midpoint of the ex- The charts showing the responses on the twelve letter  
cursion between the peaks identified as  1 0  and 1 1  in  1 5  series from K to V show the fol lowing significant fea-
FIG. 1 is marked at 1 2. Joining all such marks. with tures which arc indicative of physiological changes 

- some smoothing, results in the smooth curved l ine 13 in caused by the .ittemptetl deception. A marked constric-
.FIG. I. The line 13 represents the infrasonic frequency tion in the response to the letter K rcflt:cts. the begin-
modulation resulting from the undulations previously ning-of-test tensit>n which is normal in  most overt test- · 
described. . 20 " ing situations. Gener.illy ,  this initial tension would dissi-

As mentioned above ,  it has been determined that the pale at L unlcs.-. the. set ( the psychological predisposi-
array of muscles a.,;sociated with the vocal cords and tion ) of the individual were such that the initial tension 
cavity walls is subject to m_ild muscular tension whi:n . .  is reinforced by the tension of anticipating the ap­
slight to moderate psyc_hological stress is created in  the proaching l ie .  Such is the case in this test. and tension 
· individual examination .  This tension. indiscernible to 25 is seen to . continue at M. N and 0, ·o being the point of
the subject and similarly indiscernible by normal un- deception . In addition to the observable effects of the 
aided observation techniques to the examiner, is suffi- infrasonic signal· ( which is normally present in relaxed 
c:icnt to decrease or virtually el iminate the mm1cul:ir speech hut :1ttenuutetl or ahi;ent in stressed statements )  
undulations present in the  unstressed subject. thereby there are specific more usual physio logical indicators 

. remuving the basis for the carrier frequency vari:,tions 30 also present which portray the changing emotional 
_ which produce the infrasonic frequency mt1dulations. pattern of the individual. These are supprcssion/hyper-

FIG . 2 depicts an utterance similar to that of FIG. 1 ventilation,  diction stress, and significant delays in re-
but at a time  of induced psychological stress. In this · sponse time. The pneumographic influence gives the
case, the center of m�,ss wave form can be seen to he greatest ind ication of relief after the poin t  llf dec-eption 
c.-ssentially devoid of the infrasonic variations observed 35  in  that a nutkuble increase .of amplitude is indicated at 
iri the unstressed utterance in FIG. l, even though all the point where the individual passed the point of de-
other test factors and the demod•J lation procedures · ccption and began to compensate for the decrease in
were held constant. For con..-enience, the center of ox:iigen/carbon dioxide exchange occurring at _K .  
mass' is approximately ind icated in FIG. 2 by line 14 .  through 0. 

Whi le the use of the infrasonic wave form is unique 40 Beginning at P.  the re lief which is  experienced by the 
to the technique of employing voice as the physiologi- subject is evident through the remainder of the chart 
_cal medium for psychological stress evaluation. the · with the partial exception of 0, which can he expected
voice does provide for additional instrumented indica- as a momentary fc�1r un the purl of the suhjcct thnt 
tions of aurally indiscernib le physiological changes as a ·  rel ief at P may have been audibly evident to the exam-
.result of psychological stress, which physiological 45  iner. · 
changes are similarly detectable by techniques and ·Additionally. there are certain d iction stresses wh ich 
devices in current use. Of the four most often used may be evident as a progressive change in an individual 
physiological changes previousfy mentioned · ( hrain pattern. This may or may not he audihle as the subject 
wave patterns, heart activ i ty. skin conductivity and exercises abnormal con trul over his diction in an at-
breathing activity ) two of th,ese, breathing ac_tivity and 50 tempt to maintain a static speech pattern. These indica-
heart activity, directly and indirectly affect the ampl i - tions include minor changes in individual syllable s_tress 
tude and the detail of an oral utterance wave form and . and changes in the concatenation patterns in the sepa-
provide the basis for a more gross evaluation of psycho- rate responses. These indicators are largely responsible 

. logical stress. particularly when the testing involves for the wave form pattern ( as distingu ished from ampli-
sc4uential vocal responses . 5 5  tude ) of the · individual response d isplays: they follow a 

FIG. 3 is a record ing mude during a test in which a slightly dilTerent progrcs.,;ion to 0, the point of decep-
psychological stress was induced in a female subject by tion, in that they are not as much involved with the 
having her u tter a hypothetical l ie in a Peak-of-Tension beginning-of-test stress demonstrated by the lower am-
. test. In the test the subject was asked to select one plitude at K.  but cause an increasingly less complex 
leltt:r from a specified series of twelve letters. and to 60 d isplay up to N and 0, and suddenl y  return to their 
remcmher. hut maintain in confidence, which letter she complex i ty with the marked psychological relief at P. 
had selected .  She was then asked if she had selected With the exception of Q (for the reason previously 
each of the letters in seque nce. Further, she was told tu discusse<l-) this non-stressed pattern continues through-
respond. " I  did not choose that letter" for each of the out the remainder of the test. 
letters asked despite the fact that she. had selected one. 65 I t  shou ld b_e noted that the opposite configuration 
FIGS .  3a, Jb and Jc. which are a cont inuation of the may occu r; that is, the stress may be indicated by h igh 
same chart showing record ings of the oral respons.!s by ampl i tude and a multi-form trace while . rel ief may be 
the subject when asked about each of the letters, d is- shown by a drop in amplitude and more simple pattern. 
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· This, :of course, depends upon whether a given in<livid - · tional physiological manifestation indicators. can adapt
ual responds to a given psychological stimulus with to , this present technique in  an· extremely short time: 
excitation or depression. W hile the general indicatms As to the graphs themselves. the visual presentations 
of strcs.,; and relief m.iy differ from test to tt:St, they ar:: and the manner in which they are produced can more · 
relatively stable within any individual test and, of S ful ly  be u nderstood by a discussion o f  some apparatus 
course, the infrasonic indicator remains constant from · which can be · used to produce the charts previously
test to test and from indiv idual to individual. discussed . 

FIGS. 4a, 4b and 4c show recordings of portions of One embodiment of an apparatus is shown in FIG . 5 
the re:-ponses in the test discussed with refer�nce to wherein  a transducer 20 converts the sound waves of 
FIGS. 3 a�·. ·  FIG. 4a shows the in4ividual char.icteris- I O I the oral u tterances of the s�bject into electrical signals ·
tics of the words " not" and " letter" in the response to · . wherefrom they are connected to the input of an audio 
the letter N; FIG.  4b shows recordings of the same two · amplifier 2 1  which is simply for . the  purpose of in-
words for the Jetter O; and FIG.  4c shows these same creasng the power of electrical signals to a more stable, 
words for the Jetter P. The recordings in FIGS. 4 a--c • usable level. The output of amplifier 2 1  is connected_ to
were made ·at a somewhat higher chart speed than were 1 5 a filt�r 22 which is primarily  for the purpose of elimi-
the diagrams of FIGS. 3 a-c so that each horizontal nating some undesired low frequency components and 
division represents a much smaller increment of time · noise components.
than in FIGS. 3 a-<·. Additionally. the electrical signals After filtering, the signal is connected to an FM dis� 
driving the recording mechan ism are integr.ited or 20 

criminator lJ wherein the frequenc1 dev!ations fr?m 
filtered to a ·substantially lesser degree in  FIGS. 4 a-c the c�nter fr�quency are con�erted ant� s1g�als which 
than in  FIGS. 3 a-c. Thus, it is possible in FIGS. 4 a-c vary m amph�ude. The am�htu�e varyang signals are 

to observe chim1cteristics in . the individual words and, the'! d!tected I� a detector c1rcu.'t 24 f�r the pu!l'ose of 

in particular, the vowel sounds "in each wofd. The dia- . - �t1fying th� signal and producing a signal wh1�h con-

grams are thus .. expanded " and exhibit mofe . clearly s!atut� a senes of halr wa�e pulses. A�ter �etect1on, t�e 
. , . , , . h h" . 25 signal 1s connected to an mtegr.itor c1rcu1t 25 wherein the infrasonic character1st1cs of the speec w 1ch were · th . 1 • , t t d t th d · d d I · ·1 · discus.,;ed previously. In FIG. 4a. the words show rela-

25
e· s

h
ign"': as m

l
. eg_� e . 0 e �are �gree. 

1� c:i�cui 

t' r l'ttl r th · r · d 1• t· f th 1 e . , t e s1gna is eat er integrate to a very .sma ex ent, ave Y � e o . e .  '". �n !c �n u a ion ° . e YP.. . producing a wave form which is similar in configur-.ition shnwn m .FIG. 1. �,md,uly ,  �n i,;1G. 4h ( the he ) prac�a to that seen in FIGS. l and 2, or is integrated to a cally no 1�frasomc . un�u!�uon. app�urs: Howe�er, '" 30 greater degree, producing a signal which more nearlyFl�. 4c the undulation again re.ippears, ill�strating t�e . 
· resembles those in FIGS. 3 a-c. After integration. the�ehef fr�,m the �tress approached at the point of the he, signal is amplified in an amplifier 26 and connected to tll�str.iu�g agmn !he phi:nom�nnn of '!'�scular relax- a chart recorder 27 which produces the visible record . . . at1on which perm,� t�e acy�hc undula�aons to recur. A somewhat simpler cm_hodiment of an apparatus for . Thu�. as ha.,;. been andicat� m t�e pr�vious examples, 35 producing visible records in accordance with the inven­the mfrasomc .wave form 1s obvio�s an . the unstressed tion is shown in FIG. 6 wherein the acoustic signals are 

utterance an d is greatly attenuated in the stressed utter- · transduce4 by a microphone 30 into electrical signals
11nce. which are magnetical ly recorded in a tape recording Some general comments about the foregoing graphi- device 3 1 .  The signals can then be ·processed through .cal representation should be made. While the above 40 the remaining equipment at various speeds and at anydescriptions deal with psycho-physiological relation- time, the play-back being connected to a conventional 
ships from some of the more significant points of view, ;. semiconductor diode 32 which rectifies the signals. The 
those who are knowledgable in the!!e areas ·will readily rectified signals arc con nected tt1 the input of a convcn • recognize the functions of the endocrine glands and tional amplifier 33 and also to the mnvahle contact of 
:..ympathetic and parasympathetic nervous systems in 45 a selector switch indicated gener�lly at 34. The muv-
completing the interrelationships betwee n the psycho- able contact of switch 34 can be moved to any one of 
logical stimulus and the sever.II physiological responses a plural ity of fixed contacts, each or which is connected 
involved in the pr-esent in vention. Similarly, while the to a capacitor. In· FIG. 6 is shown a selection or four 
details of the physiology of  the larynx and the re50n:mt capacitors 3S, 36, 37 and 38, each having one terminal 
cavities of the throat and head have heen described . 50 connected to a fixed contact of the switch and the other 
only to the point d_ecmed necessary to support the terminal connected to ground. The output of amplifier ·  
techn iques described here in, those · persons versed in 33 is connected to a chart recorder indicated generally 
human physiology will be aware of the well known at 39. 
physical features involved in these areas. · · An apparatus substantially identical to that shown in 

It sh<luld also be recognized that, while some train ing ...il. FIG. 6 ·was used to produce the chart records shown in  
and experience is highly desir.ible in becoming adept at  · ·FIGS. J-4, the differences between the appearances or 
recogn izing certain characteristics which appear in the various charts being determined by the difference in 
graphical representations discussed above, it wil l  be play-back. speed used with tape recorder 31 and the 
appreciated that considerably less train ing and experi- degree of integration accomplished by the selection of 
cnce is necessary to interpret charts of this nature than 60 capacitors with switch 34. The tape recorder used in 
is ncccs!mry for the more trnditional ly  used physiologi- this part icular :1:,;.,;emhly uf equipment wa.,; a Uher 
cal rcspqnse indicators which, in addit ion, have the model 4000 four-:-pccd tape unit having i ts own inter� 
other disadvaniages hereinbefore discussed. With a nal ampli fier. ·The values of capacitors 3S-38 were 0.5 . 
minimum of training and experience one with reason- 3, I O  and 50 microfarads, respectively, and the input . 
able intell igence can frequently absorb and put to use 65 impedance or amplifier 33 was approximately 1 0.000 
the principles and methods disclosed herein. Further. ohms. The strip chart recorders used had sufficient 
one- who is already trainee.I in the fields nf polygrnphic inductance tn provide a desir:ihle amount of high frc-
analysis and l ie detector use cmpluying the more tradi- qucncy filtering and s lope detection .  Two rec,irders 
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tions, the degree · o f  presence of  the modulation 
constituting an inverse measure of the stress. 

2; An apparatus for producing a display of char-.acter­
istics of oral utte rances of a subject, wh ich display can 

were ·used,  one being a model 0-60 1 Esterl in.?0 Angus . 
recorder  ( FIGS. 3 a-c and 4 a-c) and the otht!r be ing a 
gal vanomic pen motor from a Keeler l ie detector .  As 
wil l  be recogn ized , various other compont!nts c • 1u ld be , 
or could have been ,  ust!d in this apparatus. 5 . be observed for indications of involuntary physiological 

man ifestations of psychological stress , the apparatus 
comprising the combinatior of 

In the operation of the c ircuit of FIG. 6, the rectified 
wave form emerging through d iode 32 is integrated to 
the desired degree, the time constant be ing selected so 
that the effect of the frequency modulated infrasonic 
wave appears as a slowly varying DC level which ,  as 
shown in FIG. 1, approx imately follows the l ine ident i ­
fied by numeral 1 3. The excursions shown in that par­
t icular diagram are relative ly  rapid, indicating that the 
switch was connected to one of the lower value capaci­
tors. For the diagrams of FIGS. 3 a-c, switch 34 would 1 5  
be set to connect capacitor 38 to the input o f  ampl ifier 
33. 

In this embodiment composi te filtering is accom­
plished by the capacitor 35, 36, 37 or 38, the chart 
recorder, the chart-recorder amplifier, and, in the case 
of the playback speed reduction , the tape recorder. 
Frequency modulation d iscrimination 'is accomplished 
by the frequency-sensitive filtering at the input of the 
chart-recorder  a·mplifier and by the electrical and me­
chanical inertia of the chart-recorder pen motor. 

It will be recognized that the above described method 
and apparatus provides a relatively simple technique 

( transducer means for converting the oral utterances 
. 7-_ into e lectrical signals,
I O · said transducer means including means for produc ing

a magnetic recording of the oral u tterances to per­
mit repeated processing of said utterances to em­
phasize different characteristics; 

s ignal proce)ising me.ans for receiving the electrical 
signals and for emphasizing prese lected inaudible 
involuntary stress indicating characteristics · 
thereof; and 

means for displaying the emphasized characteristics. 
3. An apparatus according to ·claim 2 wherein said

20 signal processing means includes 
means for detecting· infrasonic frequency variations 

in said electrical signals and for providing to said 
means for displaying an amplitude-varying signal 
representative of said variations. 

25 · 4. An apparatus for producing a display of character- . 
istics of oral utterances of a subject, which display can 
be observed for indications of involuntary physiological 
manifestations of psychological stress. the apparatus 
comprising the combination of . 

for evaluating psychological stress in a subject under 
examination and can be useful in detecting efforts at 
deception.  It will also be recogn ized that the complete 
ahsence of connections to the subject under examina­
tion permits the apparatus to be used with a subject 
who does not know that he is being examined and also 
permits examination of subjects at a remote distance, 
such as over telephone l ines or other communications 35 
networks. An example of this technique is the record­
ing of the oral utterances of a person, or several indi­
viduals, appearing on a television program, notably one 
program in  which each of three parties c laimed to be � 
specific individual but only one of the parties was tell- 40 
ing the · tru th. Recordings of the statements by each 
party , processed in accordance with the method of the 
present i nvention on an apparatus such as that shown in 
FIG . 6, provided recordings from which the individual 
tel l ing the truth could be readily identified. Thus, the 
apparatus is much less l imited than any previously 
known stress analyzing device. 

30 ( transducer means for converting the oral utterances 
'L. into electrical signals; 

signal processing means for receiving the electrical 
signals and for emphasizing preselected inaudible 
involuntary stress indicating characteristics 
tlrereof; and 

means for displaying the emphasized characteri�ics, 
said signal processing means including means for 

detecting infrasonic frequency variations in said ·  
e l�ctrical signals and for providing to said means 
for d isplaying an amplitude-varying signal repre­
sentative of said variations, and means for integrat-
ing said electrical s ignals. 

,5, An apparatus for producing a display of character­
istics of oral utterances of a subject, which display can 

45 be observed for indications of involun tary physiological 
manifestations of psychological stress, the apparatus . 
comprising the combination of 

While certain advantageous embodiments have been 
chosen to i l lustrate the invention it will be understood 
by those sk il led in the art that various changes and 
modifications can · be made therein without departing 
from the scope of the invention as defined in the ap­
pt!nded claims. 

What is claimed is: 
1. A method of ident ifying physiological manifesta•

tions of psychological stress in a human subject com­
prising the steps of 

converting an oral u tte rance by the subject from 
sound energy into elec trical signals ; 

emphasi z ing  those port ions of the e l ec trica l  s ignals 
whil:h -represent inauu ihle variations in the in fra­
sc.,nic frequency modulation of the voice of the 
subject; 

"transducer means for converting the oral utterances 
c_ into e lectrical signals; 

50 •\ signal processing means for receiving the electrical
; signals and for emphasizing preselected inaudible 
\.. involuntary stress indicating characteristics 
r thereof, 
'; said signal processing means including means for 

5 5  ,,>-- integrating said electrical signals; and
l...!!!eans for displaying the emphasized characteristics. 
· 6. An apparatus according to claim 5 wherein said

signal processing means includes means for emphasiz­
ing composite chgl!c;:Jeristics resulting from �p.te 

60 l?.hysio!.Qgk:al changes . 
7. An apparatus according to claim 5 wherein
said signal processing means includes demodulator

record ing  signals reprt!sentati ve of the emphasized 
portions of the electrical signals on a visual ly ob- 65 
servable med ium;  and 

means for converting the inaudib le infrasonic fre­
quency modulations representative of the charac­
teristics to be analyzed in said electrical signals to 
ampl itude modulations; and · 

ohserv ing the v isu:11 record of the u tter:mce to de ter­
m ine  increases and uccreases in modulat ion varia-

said means for d isplaying includes· means for record­
ing the ampl i tude modulations on a visible record. 
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8. An apparatus for producing a visible indication of

involuntary stress manifestations comprising the com­
bination of 

menns for converting the oral utterances of a subject 
into electrical signals; . . 5 

,<iiscriminatur means for converting frequency devia-
\ tions in said electrical signals into amplitude varia-
'- tions; 
detector means for rectifying said electrical signals to 

produce signals having unidirectional pulses: 10. 
means for partially integrating said signals with re­

spect to time; and 
means for accepting the integrated signals and for 

producing a visible indication of the degree of pres­
ence of an inaudible infrasonic component in said· 15. 
deviations, \

the degree of presence of said component constitut­
ing a measure of psychological stress in the subject.· 

9. An apparatus for producing a visible record of
characteristics· of oral utterances of a human subject, 20 
which characteristics are nllt discernible by the un­
aided human car, for analysis of involuntary psycholog-

12 
k:11 stress manifestations. the apparatus comprising the 
·combination of

transducer means for converting the oral utterances
into electrical signals; 

demodu"lator means for converting the inaudii:Jle in­
frasonic frequency modulations representative of 
the characteristics to be analyzed in said electrical 
signals to amplitude modulations; 

means for recording the amplitude modulations on a 
visible record; and 

. integrator circuit means for partially integrating the 
-electrical signal output from said demodulator

· means to emphasize the amplitude modulation in
the signals representative of inaudible infrasonic
frequency modulation components present in the

. voice of. the subject before recording,
the absence and degree of presence of said modula­

tions being observable as indications of the pres­
ence and degree of presence of psychological 

• • • • • • 
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PSYCHOLOGICAL STRESS EVALUATOR 

This in�·cn1 io.n rc la1cs to  1he detect ion and measurement of psychological stress and, more 
rar t icu l a r l y ,  10 the mcasuremcnl  uf psychological s l rr.ss at  levels below those d iscern i ble wi 1hout 
instrumentat ion and the measurement of psychologic.i l stress without the use of appl ied or visible 
sensors. 

The ex istence of the re la t ionsh i ps berween  psychological Slates and physiological rtSponses lo 
suc h  states hn long been recogn i zed .  Two general types of exploi tai ion of these re lat ionsh ips have 
deve loped.  The fi rst of t hese is  the causat ion ·or programmed response 10 psychological st imul i , 
which has been must notab l ·; documented by Pavlov in h is e xper iments with cond i t ioned responses , 
and has provided some basi� for such d ivergent  fields. as appl ied psychology ; advertis ing, and 
hypnot ism. Th is tYJ>e or e 1tplo i t.a t io11 of the psycho-physiologica l  re la tionsh ips Is only sup1>le­
men1.a l ly  hwolved with the prr\cnl invcnl ion. 

The second grrier,11 type of l' l!.1' l t 1 1 I J t 11,n of tilt' psyc lm-11hysi11loglul rr lat lonshlps involvts the 
idcnl l fil Jt ion ,md mcasuremmt of" 111ychol 11giu l  changes Ly iden l i f"ying and measuring rtsu l lanl 
physiologi cal changes. n,is approach is used large ly  i ri  medic.t i and psychological research . and 
d iagnosis, aRd in l i e  de ll'c l ion .  Two methods of evaluat ion are used .  When 1he responses arc . 
\u l f ic i cnt l y  g rcJ t ,  \omc sub1ct l ive cv.i lual ions ,an be made by a t ra ined observer ; however ,  far more 
accura te  l'V,1h1,t 1mn, t,111 he m ,,de by in, 1 rumrnt ,1t ion d"iKnrd to drttt l and me.isurr rrlat ivel y 
\m,1 1 1  dcgrrcs 1 1 1  phy� iol 11g1t ,1 I thd l li:\'. I ho,r phy\inlnKiUI changrs 1110�1 usu• l ly  · considered .ire 
br• inwJvr p,11ler n\, he,n t ,1, 1 1 v i t y ,  �k in rnndul 1 1 v 1 t y ,  .iml t he brc,1 1hing Jc l iv i t y .  While lhe 
meJ\uremcn l  of  t hese adiv 1 t ic\ doc, prnvir.k • 1 .ir more Jtt ur.ilr evJ lua l ion of physiologiu l  
rcsponsr 1 h an  dors d irect ob�rrv,l l ion ,  i i  in l rmluces �cvcra l d i sadvan t.ii,:eous fca 1ures. The most 
func i ion•l ly serious of these problems is 1he ar l i l i c ia l i ty  of the testing s i tua t ion caused by the 
requ i rement for sensors to be auaclied to the subjeCI of the examinat ion , the control led 
environment  usual l y  requ i red , and resu l tant  restr ict ions on the normal ac t iv i ty of the subject .  These 
requ i rements can  be expected to induce a psychological set in the subject wh ich ,  in some cases, may 
be as strong as or stronger than the psychological set which is to be eva luated,  thereby substantial ly  
reduc ing t he va l id i ty of the evaluat ion. 
. .  · I t  has been an object ive of th i s  invent ion to achieve a method for psychological stress 

eva luat ion which avoids the tes t i ng and evalua t ion constra ints imposed by the exist ing requ irements · 
for obvious and anached sensors. 

It .has been a spec if ic ·  object ive of th i s  invention to use the human voice as the medium which 
provides the physiologica l  response to psychological  change - inasmuch as the use of this medium 
resolves the exist ing problems of a ttached sensors, e labora te  equ ipment ,  and highly control led 
environment in assoc i a t ion with the subjec t ;  inasmuch as this i s  the one physiological medium 
·which can be trilnsmil led over d i s tances by  ex isl ing and read i l y  avai lab le techniques ( telephone and
rad io ) ;  and inasmuch  as this i s  the one phys iological med ium which can be recorded simply as a
completely va l id  and comprehensive ana log of the medium (e .g. , by tape record ing) .

The basic physiology of the  human voice, as hrretofore understood , produces two types of
sound .  The firs! of these is  a p roduct  of the v ibrat ion of the vocal  chords, wli ich, in turn ,  is a
product of par t ia l ly  closing the glonis and forcing a ir  through the  glot t i s  by contract ion of the lung
cav i ty and lhe l ungs. The frequent y of these v ibrations may vary genera l l y  between 1 00 and JOO
Hertz , depend ing upon the sex and age of the speaker  and upon thl' i n tonat ions the speaker appl ies.
Th is  sound has a rapid decay t ime.

The second type of sound i nvolves the formanl frequenc ies .  Th is  is sound which resu l ts  from
the resonance of the cav i t ies in th,  head ( t h roat ,  mouth,  nose , and sinus cav i l ies) .  This sound is
crea1ed by exc i ta t ion of the resonant cavi t ie§ by a sound source of lower frequencies, in the case of
the vocal ized sound produced by the vocal  chords, or b y the par t i a l  restr ict ion of the passage of a i r
f rom the l ungs, as i n  the case of  unvoiced fricat ives. Whichever the exci ta t ion source, the frequency
of the formant is  determi ned by  the reson·ant  frequency of the cavity involved. The formant
frequencies appear general ly above 800 Hertz and appear i n  dist incl frequency bands which

rnrrc\pond to lhc rcso11,1n 1 frrqucncy of the individuJ I  cavit it'\ . The f int , or lowes t ,  formant is tha t  
crc.i1ed by lhe mouth and throa t  C,lv i t ies Jnd is no1ab le  for i t s  frequency shi f t  ,15 t ht' mou t h  changes 
i t s  d imensions ilnd volume in the format ion of various sounds , par t icu l•r ly vowel  sounds. The h igher 
fo1 niant frequenc ies a re more const,mt ,  because of lhe more cons1.int physic.I volume of t he  
cavit ies. The formanl · waveforms a r e  ringing signals, as opposed to  the rapid decay signals of I l le 
voca l  chords. When voiced sounds are u t tered ,  the voiced waveforms are imposed upon the forman l  
waveforms as ampl i tude modulat ion .  

A th i rd s igna l  ca tegory in  the human voice has been uncovered dur ing the research lead ing 10 
th i s  invent ion . This is an i nfrason i c  frequency modulat ion ,  present , in  some degree , in  lml h  t he voca l  
chord sounds and i n  1he formant sounds. Th is  signal is  typical ly between 8 and 1 2  Heru ; t herefore, 
i i  i s  inaudib le  to the human ear. As frequency modu lat ion,  as opposed to  ampl i tude modula t ion ,  i t  
i s  not Jirecdy d iscern ib lr on t ime base/ampl i tude chart  recordings. lkcause l h_is infrJson ic signa l  is 
one of the more signif icant voice indic ators of psychologica l  s l rl'SS , i i  wil l  be dra f t  w i t h  in grea ter 
detai l . 

lhrrc arc \t'Vtra l  .an.alogi('S wli i ch  a re U\l'd lo 111 ovide s,·hrm�t ic  r epre�r.ntal ions of t ht' rn t i r e  
voice 111ocess. Buth mechaniul •nd elcclmnit ana logies J re  suuess lu l ly  cm1, luycd, f or r , J rnp lr ,  i n  
the design of wmputer  voices. These an•logies, howeve r ,  consider t he voiced sound source (voc• I  
chord\) ,1nd  1 he  w•lls of  t he  cavi1 ics a s  ha rd  dnd  cunsunt lr.itures. As opposed lo thl'se .in4 loi:ics, 
bot h  the voe.I chords and the w,1l ls of thl' major furmdnl -produc inK Cdv i l lrs .i r.r sofa l l t"< ibfl- t imll' 

· immedidll' ly rcspon�ivc 10  r he compleit .ur .,y  of mimic� wh i c h wn1ro l  1 hem.  l ho,t musc les wh ith
conlrnl _ the voca l  chords thru the mechan ical l in kage of bone and car t i lage a l low bolh the
purposeful and automat ic product ion of voicrd sound and v.iriat ion of voice p i lch .  S im i l ,i r ly ,  t hose
muscles which con t rol the tongue, l ips, and throat ,1 l low both lhe purposfu l and the du lomat i c
control of the first lormanl frequencies. Othe r  formants can  be  d ffec ted s imi lar ly to a more l im i ted
degree .  I t  i s  worthy of note that,  during normal speech ,  these musc les are performing al  a sma l l
percentage o f  the i r  work capab i l i ty .  For  th is reason ,  i n  sp i t�  of  the i r  be ing  employed to change the
posit ion of the  vocal chords and · t he  posit ion of the l i ps ,  tongue ,  arid inner  throat wal ls ,  t he  muscles
rema in  i n  a relat ively relaxed state. As a resul t  of research conduc ted for th is  invent ion·, i t  has been · 
determined 1ha1 during this relat ively relaxed state a natura l  muscu lar  undu la t ion occurs at the
typical ly 8 to 12 Hertz frequency previously mentioned . This undu la t ion s l igh t ly  varies the tension
of the vocal c hords and causes audib ly ind iscernible shifts in  the basic pitch frequency of the voice
and i t  sl ightly varies the volume of the resonant c avity (part icular ly that assoc iated wilh 1he  first
formant) and the e lastic i ty  of the cavity wal ls to cause autl ib ly  indiscern ib le  shifts in  the formant
frequencies. These shifts about a central frequency consl i tute a frequency modulat ion of lhe centra l
or carrier frequency .  In order to observe th is frequency modula t ion, any of the several ex is t ing
techn iques ·for the demodulal ion of freque.ncy modu la t ion may be employed ,  bear ing i n  m ind ,  of
course , that  the modula1 ion frequency is the nominal  8 to 1 2  Hertz and the carrier i s  one of the
bands wi th in  the voice spec trum . .  F igure I dep ic ts pu lses of the ampl i tude modu la t ion of formanh
by a voiced signal of 1 90 Hertz , resu l ting from 2.5 K i lohertz h igh-pass fi l ter ing of the voice of an
unstressed subject and the contained i n frasonic frequency modu lat ion observable in  the
center-of-mass waveform. A s imple slope detect ion was made of the un l im i ted infrasonic waveform
of a syl lable u t terance .

I t  has been determined , further ,  that  the array of muscles as1ociated wi th  the voca l  chords .tnd 
the cavity wa l l s  arc subjec t  to mi ld muscular tension when s l ight lo moderate psychologica l  s tress is  
created i n  the subjec t .  This tension , ind iscern ib le to the subjec t ,  i s  suffi c i en t  to decrease or v ir tua l l y  
e l iminate the muscular undulations present in  the  unstressed subjecl ,  therrby removing t he  basis for 
the carr ier frequency variat ions which produce the infrason ic frequency modu la 1 ion .  Figure 2 
depicts a s imi lar utterance as that of Figure 1 .  but  at a t ime of induced psychological stress. I n  1h i s  
case the  center-of-mass wave form can be seen to be  essent ia l ly  devoid of the infrasonic v.1r i .1 1 ions 
observed in  lhe u�stressed unerance in  F igure 1 ,  even though a l l  other tcsl factors and the 
demodulat ion procedures were held constan t .  

While t h e  use of the infrasonic waveform is un ique t o  t h e  use o f  voice a s  t h e  physiological 
medium for psychological  stress evaluation , the voice prov ides for add i t ional instrumented 



indic,11ions of aurally 'indiscernible physiological changes as " rrsult of psychological stress, which 
physiologic.ii changes .ire detectable .ilso by current means. Of the four most usually considered 
physiolo,:ical changes previously mentioned (brainw.ive patterns, heut activity, skin conductivity; 
and breathing activity), two - brea1hing activity and he.irt activity - directly .ind indirectly affect 
the amplitude and the detail of an utter.1nce waveform and provide the basis for a more gross 
evaluation of psychological stress, particularly when the testin11 situ.Ilion involves sequential voc.11 
responses. F igurc 3 depicts a 1es1 in which psycholoi:il.tl sm•ss wu induc�d in d femJlt subject by 

having her utter ll hypothetical .lie in a Peak of Tension teM, in which. she responded, "r did not 
choose that letter" for each of ii series of 12 tellers, one of which, in fact, she had selected. The 
chart displays an aggregate of pneumographic, cardiographic, and, to a lesser degree, infr.isonic 
influence. The signal for this display has IJeien highly integrated to show more clearly the gross 
aggreg,ue effect. This technique is particularly useful in deiermining stress zones in longer statement 
runs, by ilvoiding waveform complexity. This chart, the 12 letter series from K to V, shows the 
following significant feat!l(CS wh·teh are indicative of phV,siological changes caused by the attempted 
deception. 

There is a m.uked constriation JI K which reflects the beginning-of-test tension norm.ii in most 
overt testing situations. Normillly, this initial tension would dissipate .it L unless the set of the 
individual were such that the initi.il tension is reinforced by the tension of anticipating the 
·o1pproaching lie. Such is the cm in this test, .ind tension is seen to continue at M, N, and 0, the
point of deception. In iddition to the observable effects of the infrasonic signill (which is normally
present in relaxed speech but ,1ttenuated or absent in stressed statements) there o1re cenain more
usual physiological indicators also present which portray the changing emotional pilttern of the . 
individual; these are supression/hyperventilation, diction stress, and significant delays in response
time. The pneumogrilphic influence gives the greatest indication of relief after the poinl of
deception in that a noticeable increase of amplitude is indic;ited il.t the point where the individual
po1ssed the point or drception and began to compenute for the decreilse in oxygen/carbon dioxide
exchange occuring at K through 0. Beginning at P the relief experienced by subject is evident
through the remo1inder of the chut with the partial uception of Q, which can be expected as ;i 

momentary fear on the p,ut of lhe subject tho1t relief at P m.ay h.ive been evident audibly to the
examiner.

Addition;ally, there are certain diction stresses which mily be evident .is ;a progressive ch,1nge in
iln individual p1ttern. This m..iy or m:.y no: be audible as subject exercises abnorm.il control over his
diction i.n an ,11t1empt to maint.iin a static speech po111ern. These indications include minor changes
in individual syll..ible stress ,md cho1nges in the concatc:n.uion patterns in the separate responses. 
These indicators are largely responsible for the waveform pauern (as distinguished from amplitude)
of the individual response displo1ys; they follow a slightly differenl progression to 0, the point of
deception, in th.it they ue not as much involved with the beginning-of.test stress demonstrated by 
the lower ,1mplitude at K, but cause an increasingly less complex disrlay up to N and 0, ;md 
suddenly return to their complexity with the marked psychologicJI relief at P. With lhe c:11:ception 
of Q (for the reason previously discussed) this non-stressed pauern continues throughout the 
remainder or the test.

It should be noted that the opposite configuration may occur; tho1t is, the stress may be 
indiuted by high .;unplitude and a multi-form tr.ice while relief m.iy be. shown by a drop in 
amplitude and .i more simple p;attern. This, of course, depends upon whether a given individual 
responds to a given psychological stimulus with excitation or depression. While . the general 
indicators of stress and relief may differ from test to test, they are relatively sUble within any 
individual test and, of course, the infr.isonic indico1tor remains consunt from test to test ,ind from 
individu.11 to individual. 

Figure 4 depicts .in expansion of the N-0-P portion of this Peak of Tension test to show the 
somewhat constrained infrasonic. waveform it N, as the tension is increuin1, the more 1reatly 
constrained lnfr.isonlc waveform at O (the "lie") and the presence of the Infrasonic: waveform .it P, 
as a result of psycholoalcal relief, 

Figure S depicts simil.ir portions of two nurative-type utterances made by a subject under 
unstressed conditions (Sil) .ind under conditions of induced mild anxiely (Sb). As hn been indicated 
in the previous eumples, the infrasonic waveform is obvious in the unstressed u11erance ind is 
greitly .ittenuated in the stressed utterance. 

While the ilbove descriptions .ind ex.imples de.ii with the psycho-physiologinl rel,Uionships 
from the 1,tandpoint of o1n overview, those who are knowledgeable in these are.as will readily 
recognize the functions of the endocrine gl.inds, and the sympilthetic and par.isympuhetic nervous 
systems in completing the course between the psychologica.l stimulus .ind the several physiologiCJI 
responses involved in this invention. Simil.arly, while the details of the physiology of the larynx and 
the resonant cavities of the throat and. he.id have been described only to the point deemed necessary 
to support the techniques ,md findings, those persons versed in hum;an physiology will be 11ware of 
the well-known physical features involved in these areas. 
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PI-J�'SIOLOG-ICi\L TREi\101\ 

:\ sliµ; ht oscilla1ion at· approxirnatP-ly 10 c�Tles per second accornparueH 

the nonnal contract ion of voluntary TllU!::H:le. It appears to be cau�ed 

by a '�huntinµ;" rnt�chanism in the reflex are that" controls tlic 1nusr,le 

T
he contraction of a voluntary mus­
cle is accompanied by tremors of 
the muscle in the form of minute 

oscillations. In an electrical recording of 
the muscle's activity the .tremor can be 
S<'en as a trace of very fine rhythmic 
movem!'nts superimposed on the record 
of the contraction itself. The amplitude 
of the oscillations is about a hundredth 
or a fiftieth as large as that of the total 
movement produced by the contraction, 
and the pretlominant frequency, in man, 
is about 10 cycles per second. This rip­
pling of the muscle, known as phys­
iological tremor, was discovered many 
years ago to be a normal accompaniment 
of the voluntary muscles' activity. Vari­
ous exphinations were proposed. There 
were theories that the factor generating 
the tremor might be the heartbeat or the 
alpha waves of the brain or synchronized 
activity of a group of motor neurons­
motor. nerve cells-in the spinal cord or 
some form of local activity involving 
only the contracting muscle or its neural 

by Olof Lippoltl 

junction. All these theories fail to ac­
count for the actual beha'l-ior of the 
tremor, as we shall see. It remai.'ted for 
a modem insight in technology, arising. 
from the investigation of servoQ1echa­
nisms and the role of feedback, to sug­
gest what now seems to be the correct 
explanation of physiological tremor. 

The first clue leading to this e.xplana­
tion came from a study of muscle trem­
or made a little more than a decade ago 
by Martin Halliday and Joe Redfearn at 
the National Hospitals for Nervous Dis­
eases in London. Applying the tech­
niques of Fourier analysis to the fre­
quency spectrum of physiological trem­
or, they found that the major part of the 
tremor consisted of an oscillation of the 
re.flex mechauism that controls the length 
and tension of a stretched muscle. The 
fact that the tremor's spectrurn peaks 
sharply in the narrow range between 
eight and 12 cycles per second then 
pointed to a likelihood that physiological 

. tremor is an oscillation like the "huntingn 

AFFERENT NtRVE 

EFFEREN r NE.RVE 

beha�·ior of mechanical servomecha­
ni.,ms, becau.;e characteristically in such 
systems the energy tends to be concen· 
trated in a rather narrow bandwidth. 

Consider the simple thermostat, a 
servomechanism designed to maintain 
tt•mperature at a constant level. In this 
fe<'dback control system there is an un­
avoidable delay in the response to a 
change in the temperature of the regu­
lated space or object, so that the system 
overcorrects and the temperature keeps 
oscillating slightly above and below the 
desired value. In short, the temperature is 
continuously in a state of slow "tremor.n 

Built into the body of every mammal 
is an entire complex of biological servo­
mechanisms, analogous · to the thermo­
stat, that operate to maintain the body's 
internal stability. Many of these homeo­
static mechanisms are nervous reflexes. 
For instance, there are reflexes that ad­
just the diameter of the eye pupil to 
control the amount of light impinging 
on the retina, there are nerve pathways 

REFLEX ARC that senses and controls the stretching of a volnn• 
tary mu,ade ,·on,bts of-three main component,: a sensory endin·g· 
within 1he mu,rle thal �ignais the amount hy which ·it is slrelched, 
an afl'erP.nt nerve fiher that conveys the signal to lhe spinal cord 
and a motor neuron in the cord that in response sends a contrac• 

tion•activaling �ignal to the mu;,cle by way of the efferent nerve. 
Phy.oiological lremor has been investigated in the author's labora­
tory al L"niversity College London by interrupting thi,; foedback 
loop at a ,uitable point, by modifying the properties of the loop 
and by introducing variou,; inputs into the opened or intact loop. 
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that keep the blood pressure constant and 
there are the stretch reffexes of muscle. 

In the case of the stretch mechanism 
the control system is a reffex: arc con­
sisting of three main components: a sen­
sory ending within the muscle that sig­
nals the amount by which it is stretched, 

an afferent ·nerve fiber that convevs the 
signal to the spinal cord and a 'm0tor 
neuron in the cord that in response send� 
an activating signal to the muscle by way 
of the efferent nerve. A simple example 
of the operation of such an arc in main­
taining stability is the reaction to a slight 

COMPUTER 

EXPERIMENTAL APPARATUS used by the author and his colleagues for recording phys­
iological tremor in humans is shown in this ilJustration. The subject's forefiniter interrnpts 
a beam of parallel li,:ht falling on a grounil-glass slit. Behind the slit is a photodetertor, 
the output of which is amplified and fed into a small fixed-program averaging computer. 
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TYPICAL FREQUENCY SPEC:TRU!\.I for finger tremor was ml.'asured usiniz the apparal· 
us depi1·ted at the top of the pap;P.. The 1:urvc shows the arceleration of thP. finj!Pr rlotreil 
against the frequency of die oscillation in ordrr to !,ring out tlu� for.t that lintier tremor takes 
place in a .. It,ar•l'Ut fre«JU"""Y huntl e,r.t.,ntlin,: rou,:hly from si,r. to 12 r.yrle� ('P.r ,,·ron,I, ,11-
pP.rpoH1!il on a more or less flat bu�e line. Sinre arcderution is 11roportional In th'-' di,pl�re• 
m,mt of the finger timf!K the frll1Jt1t•nr.y squared, the points on ,the ordinate "'ere ohtainl'd 
by multiplying the first dillerentiul o[ the output of the 11hntodetedor hy thP. frel)uenry. 

. push tending to tilt a standing person 
forward an<l thus movl.' him off b.tlance . 
The slight stretching of the exte:w)r 
mr1sdes in the back of the legs ri>511lthg 
from the push generates traim of ner,e 
imp11!se, that go to the spinal cord and 
there activate the appropriate m0tor 
neurons. which in tum incite a small 
strengthening of the contraction of the 
leg mu,des, thus correcting the ro,'•1:-e. 
All muscles are supplied with thi5 kind 
of control system, us11ally operatiflg in a 
m0re complex: way than I ha\'e j11s� de- . 
scribed. The · control generally is con­
cerne<l either with damping the m11,cle's 
movements or with ensuring that f,1:- the 
given action of the operated limb there 
is .an appropriate relation between the 
muscle's tension and its length. 

Qnce it was realized that physiological 
tremor in muscle had much the s.1me 

character as the oscillations of a mechan­
ical control system, physiological tremor 
became accessible to the kind of detailed 
investigation in mathematical terms that 
engineers employ in studying the param­
eters of a servomechanism. The prob­
lem can be attacked experimentally b:· 
three devices: (I) opening, or interrupt­
ing, the feedback loop at a suitahle 
point, (2) modifying the properties of the 
loop, (.3) introducing various inputs, 5uch 
as step functions (variables that ch.mge 
value in steps), into the opened er the 
intact loop. In our laboratory at l'niver­
sity College London we have applied 
these methods to look into the camation. 
properties and behavior of tremor in 
muscles. 

We hegan by examining the effects of 
interruption of the loop. Since cutting 
the loop on the elforent side would sim­
ply ahr,lish all activity of the musclt! un­
der study; it was obvious that significant 
information could be obtained onlv hv 
intcrri1pting the afferent side. Thh ;.oul<l 
he done at the muscle spindle generating 
the 5ensory message, in the fiber convey­
ing the message to the spinal cord or at 
the fiber's synapse with the motnr neu­
ron in the cord. It happens that certain 
patient- are affiicted with an alferi•nt in­
tC'rrnption: tertiary syphilis of th-:? cen­
tral nervous system somt.'times aholi,lw� 
the conduction of impulses by the affer­
ent nerve. \Ve found that these patients 
generally showed no sign of the oscilla­
tion P"ak around 10 cycle� per secohd, 
tlw mark 0f physiolo,:1;ical trcmnr, when 
a 11111sde was stretched. Similarlv, the 
tr!'n,•>r peak disappeared in c:at� · whr,n 
the alfNt·nt nerve was c1it expcrimt•n­
tally. The same result was obtained 
when we interfered with the normal ac-
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TRE!\IOR CAN BE REDUCED by cutting off the blood supply to 
th" mu,de. The top trace represents a forefinger tremor that grad­
ually disappears after a blood-pressure cuff is inflated at the time 
indicated by arrow A.. After the cuff is deflated at arrow B; some 

two minutes later, the tremor gradually returns. The two bottom 
traces, made on faster.moving record.ing paper at the time1 
indicated by arrows a and b, show the detailed wave form of 
the tremor before and after the blood supply ha:; been cut off. 

tion of muscle spindles- in signaling the 
stretching of the muscle. Cutting off the 
blood .rnpply to a muscle causes pro­
found disturbance of these spindles; they 
fire impulses spontaneously at a high 
rate and become almost completely un­
responsive to stretching. When we cut 
down the blood supply to a muscle with 
an inflated cuff applying pressure to the 
artery, we found that physiological trem­
or in the muscle disappeared within 30 
to 60 seconds. All in all, these observa­
tions and experiments tended to sup­
port the hypothesis that physiological 
tremor is associated with muscular con­
traction and signifies an oscillatory proc­
ess taking place in the stretch-reflex 
loop. 

Turning to the second device for 
experimental investigation-modifica­

tion of a property of the loop-we select­
ed first a treatment that might affect the 
oscillation frequency .. In the stretch-re­
flex cycle there is a .certain major period 
of delay: it consists in the time the mus­
cle takes to contract after receiving the 
activating signal from the spinal cord 
and then to stretch again (either as a re­
sult of its elasticity or in response to a 
load on the muscle). Obviously if tremor 
is an oscillatory process, the frequency · 
of the oscillations will be affected by any 
change in the duration of tht: delay. On 
tr.is premise we performed the experi­
ment of cooling or warming the muscle, 
which would be expected to lengthen or 
shorten the delay interval. The experi­
ment in human subjects consisted in 
immersing a leg in water at a given 
temperature and recording the tremor 
frequency with a transducer [see illus-

tration on next page]. Most subjects were 
· able to stand temperatures up to about

113 degrees Fahrenheit and dov,"!l to
the freezing temperature of 32 degrees,
but we must admit that one of our best 
subjects fainted when he put his leg in
really cold water!

We found that cooling could slo\v the
tremor from the normal rate of about 10 
cycles per second to as low as five cycles, 
and rewarming could speed it up to 
nearly 15 cycles per second. -It seems 
safe to conclude that the only reasonable
interpretation of these results is that the
tremor is indeed the kind of oscillation
that takes place in a servo loop. We
found also that in trembling muscle
groups of action potentials accompanied
the tremor and remained in phase with
it as the oscillations slowed down or
speeded up. The presence of the action
potentials strongly indicates that the os­
cillations actually represent nerve-gen­
erated, synchronized musde activity 
rather than, say, dying mechanical re­
verberations of the trembling limb.

Jmt as the tremor frequency could be 
changed by altering the delay interval,
it might be expected that the tremor 
amplitude could be changed by modify­
ing the system's sensitivity, or what en­
gineers call the "loop gain." The signal­
generating spindles of muscle offered an 
opportunity for such modification. These
spindles have a complex structure, typi­
cally consisting of a central bag that con­
tains the stretch-sensitive nerve endings
and muscle fibers that contract and pull
on the nuclear bag when they are ac­
tivated. The fibers have their own acti­
vating nerve supply, provided by small 
motor fibers called "gamma" nerves be-

cause of their small diameter. Conse­
quently some experimental intervention 
that activated the gamma nerves should 
increase the firing rate of the muscle 
spindles for a given stretch of the main 
muscle, thus enhancing the sensitivity of 
the entire reflex arc. 

A simple maneuver called "Jendras- · 
sil.'s reinforcement" is knov.11 to produce 
a general enllancement of reflt:x action 
by way of activation of the muscle spin-· 
dles' motor fibers. The maneuver con­
sists in gripping one hand witl1 the ot'1er 
and holding on while attempting to pull 
them apart.· Applying this test, we ob­
t.ained a most gratifying increase in the 
overall amplitude of physiological trem­
or. This again supported the oscillation
theory. 

For the third test of the theory-intro-
ducing inputs into the loop-we in­

jected perturbations, by means of a me­
chanical prod, into the loop in an intact 
condition. As the prod we used a mov- · 
ing-co,I transducer (driven by a power 
amplifier) that vibrated with a constant 
amplitude of two millimeters and prod­
ded a human subject's extended middle 
finger. In order to record the tremors in­
duced in the finger, it was placed in the 
path of a parallel beam of light directed 
at a photodetector mounted behind a 
vertical slit of ground glass; any oscilla­
tions of the finger were thus focused and 
measured [see top illw.tration on page
8J. 

It turned out that a prod of the freely 
extended finger lasting 30 milliseconds 
usually generated a series of five or more 
roughly sinusoidal waves. Thi: frequency 
of the waves v.:as the same as that of nor-

5 
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LEG MUSCLES WERE COOLED in this experimental apparatus designed to mea!ure the 
effect of temperature on the frequenry of a muscle's tremor. Copper electrodes were in• 
serted into the muscle through hypodermic needles, which were subsequently withdrawn 
as shown. A transducer was employed in two alternative positions to mea�ure the mu�de\ 
"twitch,. time. In position a the transdurer was attached to a bending har conner.led to a 
binged ·foot platform; in position b it was s_trapped t� thf! calf and ronnected to a ni,edle 

. insertP.d thro1111ih the skin with its tip in the muscle. W11ter at the desired tempP.rature 

6 

flowed through the tank, while the subject stood upright in 88 normal a po,ture as po,;;ible. 
Reflexes were elicih'•l 1,y meane of sudden blows on a steel strip att11ched lo the foot plat• 
form, raising the platform abruptly. The tension in the atrip was recorded daring maneuver. 

ma! tremor (generally about 10 cycles 
per second), and the amplitude was 
roughly uniform in a given subject. This 
could be taken as evidence that the 
waves were phase-locked to the mechan· 
ical input and hence represented oscilla­
tions such as would be expected in an 
underdamped (that is, flexible) servo­
mechanism. Superimposed on the 10-
cycles-per-second waves we often found, 
in the early part of the record, vibrations 
of about 25 to 30 cycles per second. 
These waves proved to be due to the 
mechanical, die•away resonance· of the 
finger, as was shown by the fact that 
thev were retarded when a load was 
pla�ed on the finger. 

Was the IO-cycles-per-second oscilla-. 
tion purely mechanical in nature or did 
it have the same neurological origin as 
physiological tremor? Several items of 

. evidence indicated that it was in fact 
nerve-generated. I ts frequency was al­
wavs the same as that of the customarv 
pl�-siological tremor in any given indi­
vidual. Warming or· cooling the muscle 
or cutting off the blood supply produced 
the same results as when these treat­
ments were applied to physiological 
tremor. Bursts · of action potentials, 
pha�e-locked with the oscillations, took 
place in the prodded finger as they do in 
normal tremor, and the amplitude of the 
oscillations and· the size of the action 
potentials tended to increase rather than 
to die away, indicating that .energy was 
somehow being fed into the system and 
thus giving further support to the idea 
that the prod had initiated a process in­
volving nerve activity. 

With the prodding technique we ob­
tained new evidence that the ,,..·aves of 
normal tremor represent oscillations fa a 
self-sustaining feedback loop. It would 
be expected that in such a system the 
injection of an input of the same ampli­
tude as that of the tremor would either 
enhance or suppress the tremor waves, 
depending on whether it was applied in 
phase or out of phase with those waves. 
A prod less than half a millimeter in am­
plitude could serve as such an input. We 
carried out this experiment in various 
ways. In one version we applied the 
prod at random intervals while the mus­
cle was in continuous tremor. Then, ex­
amining the record, we could see what 
happened to the oscillation when the in­
put occurred at various phases of the 
wave form. This experiment showed that 
the tremor was indeed enhanced when 
the prod occurred in phase and was sup­
pressed for several cycles when the prod 
came in antiphase [see bottom illustra­

tum on page 8].



In interpreting the results of all these 
stutlies we must first be clear about ex­
actly what we mean - by physiological 
tremor. Tremor in a musc:le can be pro­
duced by a great variety of st111,uli: the 
beating of the pulse,- general movements 
involving a number of other muscles, 
even vibrations created by passing traf­
fic. In identifying and examining normal 
physiological tremor, however, ·we are 
concerned specifically with the ripple 
that is superimposed on the voluntary 
contraction of a particular muscle and 
arises solely from this activity. Conse­
quently in order to investigate physio­
logical tremor in a finger, say, we must _ 
fixate the limb as a whole so that ex­
traneous movements are excluded and 
we can focus on the indigenous oscilla­
tions of the flnger muscle itself. One 
must also distinguish between normal 
physiological tremor and pathological 
tremor such as that of Parkinson's dis­
ease. The Parkinson tremor has a differ­
ent frequency, peaking at about .five 
cycles per second. Apparently, like nor­
mal physiological tremor, it is character-

- ized by oscillating loops, but its origin
is different, it probably involves the 
brain stem, and the experimental find­
ings in the normal case do not necessar­
ily have any application to the pathologi­
cal one or vice versa. 

J 
n the light of the new experimental

information, how do the old theories · 
about physiological tremor stand up? Let 
us consider first the theory of an origin 
in the brain. After the discovery by 
encephalography of the brain's alpha 
waves there were several reasons to sup­
pose tremor might well be connected 
with those waves. The alpha rhythm 
is very similar to tremor oscillations in 
wave form and in frequency (ranging 
from eight to 13 cycles per second for 
alpha). In both cases the development of 
the frequency follows the same course, 
starting at .five cycles per second in 
young children and accelerating to about 
10 cycles in adults. Both alpha waves 
and tremor respond in much the same 
way to a sudden stimulus (such as a lou<l 
sound), to anesthesia, to sleep and to 

· general alerting of the system. Yet the
many attempts to find a causal connec- -
tion between the two phenomena were 
fruitless. It became evident that the 
rhythms do not quite match each other, 
either in frequency or in phase. When 
the tremor. frequency is changed dras­
tically (for example by cooling the mus­
cle), there is no change whatever in the
brain's alpha rhythm. No delay interval
such as exists in the tremor loop has 
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EFFECT OF COOLING on tremor in leg muscle is indicated by this graph; which ,hows a 
large increase in the mean interval between bunts of action potentials in the calf muscle 
plotted during the course of the immersion of the leg in cold water. At th� 10th minute the 
leg was cooled by filling the tBJlk with water at a temperature of about zero degrees Cel.ia:;; 

• the tank was emptied again at the 26th minute. Mechanical tremor waves recorded da..r-
iDg this experiment bore a constant phase relationship with the action-potential hurru. 

been found in the brain's motor systems. 
Another finding arguing against the 
brain's involvement is the fact that when 
the spinal cord is severed from the brain, 
tremor at about 10 cycles per second can 
still be induced in muscle by stimulating 
the cord electrically: 

Although the search for a connection 
between physiological tremor and elec­
trical activity in the brain was unsuccess­
ful, it might profitably have been pur­
sued further than it was. It now appears 
that the alpha waves may. be generated 
by the extraocular muscles (voluntary 
muscles that C.'Ontrol movements of the 
eyeball). 

Then there is the simple and attrac­
tive theory that tremor may be originat· 
ed by the spinal cord. This hypothesis 
has gone through several versions. One 
suggests that the group of motor neurons 
activating a muscle may somehow syn­
chronize their discharge of 'impulses in 
a rhythmic fashion. The main problem 
with this theory is that it carmot explain 
how the cooling or warming of a muscle 
would alter the frequency of discharges 
in the cord, or how prodding a finger 

would generate tremor or b�ing about a 
change in the amplitude of the oscilla­
tions. Another version of the theory ar­
gues that the rhythmic waves may be 
produced by a pacemaker of some kind 
in the cord, causing bursts of action po­
tentials at about 10 cycles per s�ond. 
Such systems have been found in the 
thalamus of the brain, but no evidence 
for the existence of such a center in t.l:1e 
spinal cord has been established. 

Finally, there is the hypothesis that
tremor may be strictly a lo_cal phe­

nomenon within the muscle (perhaps 
with participation by the neuromuscular 
junction), not involving the spinal cord 
or the brain at all. One ingenious and 
plausible idea imagines the muscle to be 
acting_ as a low-pass 6lter that screens 
out all impulses except those at about 
10 cycles per second. We know that dur­
ing a voli.mtary' contraction motor units 
composed of functionally identical mus-
cle fibers start dischargin

_
g at about sev-

•en -cycles per second ;md then accelerate 
up to 30 or 40 cycles per seoond as_ the 
strength of the contraction increases. 
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Experiments in stimulating an isolat­
ed nerve-muscle preparation at various 
rates show that when the rate of stimu­
lation is raised to above IO cycles per 
second, the individual twitches fuse, 01· 

merge, into a JTIOre or less smooth teta­
nus. Similar experiments in stimulating a 
human muscle through the skin with 

COMPUTER 

brief electric shocks produce the same 
result. It is also know"!\ that· the motor 
units in muscle do not often fire at much 
below the IO-cycles-per-second Freq11en­
cy. Thus, asmming that the units fire 
more or less at random, the result of the. 
.filtering effect would be that only the ac­
tion potentials with a frequency in the 

TIMll�G CIRCUIT 

TRANSDUCER I 

SLIT 

FINGER-PRODDING APPARATUS employs a moving-coil transd11cer driven by a power 
amplifier that is fed with step-funrtion signals from a crystal-controlled timing circuit. The 
timing cirruit also triggers the averaging computer, which then derives the algehrairal sum 
of the wave form of the finger displacements for a given number of consecutive prods. 

� -E- .1 SECOND 

TREMOR TS SUPPRESSED OR ENHANCED dependin11 on the instant at whirh the prod 
is administererl. When the prod is given out of phasi, with the ongoin(!; tr .. mor I le/11. the 
tremor is suppressed. ·When the prod is in phase (right), subMequent waves are enhanced. 

. 8 

neighborhood of 10 cycles per second 
(in a normal human subjert) would be 
elfecti\"e in producing the miall discrete 
contrattions that account for the major 
p.1rt of tremor.

There are a number of powerful
ohjections to "this theorv, however. In 
th� first pbce, if the �otor units fire 
randomh·, there will be no discernible 
tremor. �ven if all the units are firing al 
the rate of about 10 cycles per seco;d, 
unless there is l1: synchronizing mecha� 
nism that causes them to fire in phase. 
Secondly, the theory implies that a fac­
tor such as fatigue, which considerably 
lowers the threshold frequency at which 

. individual twitches merge, should slow 
the tremor frequency to much below 10 
cycles per second; actually it is found 
that during and after fatiguing contrac­
tions a muscle always shows a slight rise 
in the tremor frequency and a marked 
increase in its amplitude. 

The results of some of the experiments 
I ha\"e mentioned are also not com­
patible \\ith the fil�er theory. It cannot 
explain the clear correspondence be­
tween the grouping of action potentials 
and the tremor waves, nor the fact that 
a brief displacement of a stretched fin­
ger by a prod produces a train of wa\·es 
phas�-locked to this perturbation. �1ore­
over, when·an isolated muscle is stimu­
lated through it,; motor nerye with re­
peated shocks at rising frequency, the 
muscle's contraction shows no increase 
in tremor at about 10 cycles per second, 
as would be expected if there \Vere a 
filtering effect. 

J
f we accept the hypothesis that the

physiological tremor at" from eight to 
12 cycles per second arises as a hunting 
phenomenon in the stretch reflex arc, in 
the final analy,;is we must ask why tl11� 
biological servomechanism is so "ineffi­
cient" as to allow tremor. :O.fost man­
made control mechanisms are provided 

' with devices that automatically suppress 
osci!!ation and ,thus ensure stability. An­
alyzing the con_trol system in the reflex 
arc. however. we can see that excessive 
damping in this system would inevitably 
slow the response to stimulation. Reflex 
actio11 therefore must involve a· nect'S· 
sary compromise 'between speed of re­
sponse on the one hand and a certain 
degree of overshooting, or inaccuracy, 
on the other. \Ve have found in exam­
ining a large number of normal human 
subjects that most of them have some 
tremor superimposed on their muscular 
activity. The amplitude of the tremor 
usually does not exceed:? percent of lhe 
physiological range of movement of a 



a 

i 

b 

C 

-1 SECOND+--

SERIES OF DAMPED OSCILLATIONS can be induced in a trembling finger by means of a single prod. A brief prod delivered just before the arrows was responsible for the lwo upper traces. Trace a is an average of 16 consecutive sweeps; trace bis one sweep 

-.1SECOND-ELECTRICAL SIGNALS from a prodded finger muscle were re• corded by means of surface electrode,s applied to the skin over the mu,;cle. The bursts of. action potentials recor!led in this wuy 

recorded at four times the gain. The two lower traces· are records of normal tremor in the finger. Trat>e c is a control run with 16 sweeps with no prodding at the same gain aa trace a; trace d is a single sweep, again without prodding, _al four times the gain.

(bottom trace) turned out lo be very nearly in phase with the oscillating di.pldcement of the finger itop trace) that r�sulted from a single prod admini;,t,.red al t.'1e time indit·ated by the arrow. 
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limb. It would appear that this amount 
of oscillation can be tolerated in the in­
terest of maintaining a fast response . 

Why_ do some normal people have 
more tremor than others? We find that 
tremor varies not only from one person 
to another but also in the same individ-

j 

f 

� .1 SECOND .,,__ 

ual · from _time to time. Apparently the 
central nervous system normally brings 
ahout variations in tremor from minute 
to minute (leaving aside the changes" 
that may be produced by factors such as 
fatigue, circulating adrenalin or patho­
logical conditions such as hyperthyroid-

ism). \\'e have already noted that Jen­
drassik's maneuver can increase tremor, 
presumably because the strong contrac­
tion of a muscle results in a spreading 
"irradiation" of nerve action speeding up 
the frequency of motor impulses gener­
ally. Some recent experiments show that 

-. 

VISUAL FEEDBACK LOOPS appear to have little influence on 

either normal tremor or prod-initiated tremor. The superposed 

traces in both cases represent four sets· of averaged responses to a 

forefinger prod given just before the arrow. The top lrar.eii were 
recorded with the eyes OJK'n. the bottom traces with the eyea 
closed. The recordings were made alternately with the same sobj�cl. 

-- !SECOND -

DECEPTIVE SI!'ilTLARTTY is evident i� the�e two trares, which 
"'ere recorded simultaneously usinp; the same subject. The top 
trace repre•ents physiological tremor re1•orded in the fnrelinp;er. 

10 

The bottom trare repr,.srnli,· thP .. alpha" rhythm rer,,rded From 
thf' s,·alp osinl[ a ronventional elertro1mcephalo11raph. Hypolhese� 
relatinp; lhe!!e t"'o tn,e� of oscillation have h�d to be abandoned. 



tcms aud hence tremor in all the other 
muscles of the bo<ly while the ·individual 

normal tremor can aha he retlnc:cd. Rest­
ing a limb for some hours (for 1..:.xample 
!i_1 putting an arm in a splint) wi.11 reduce
the .m1plituJc of tremor iu all the 111us­
dt', of tl1e ann. This may involv!! the 
,amc 1111.·ch.111ism that is :1ffectc<l by a
,tnmg c·o11traction; iuactivity may re­
. ,ult in a dccrc.i'ie uf activity i11 the fu­
-;i11,utor system (the syste111 of gamma 
motor nerves in muscle that cause the 
11,ti-clc �pimlltls to contract), whereas 
strn11g contrac:tiou stimulates increased 
acti1 ity 111 the system. 

.th,111 normal. Tentatively we postulate 
that the c:1.pla11ation may be esseutially 
the same as in the case of Jemlrnssik's 
ma11euvc1'. Iu farsighted people there is 
a coullict between the acts of· accom­
modation (focusing the eyes on a near 
object, for examplt•) and convergence 
(dirccti11g the optical axes of the eyes 
toward the object). Anatomically these 
two acts are joined, so that they cannot 
be performed separately; lience in a far­
sighted person any effort exerted to ac­
commodate the lens to bring an ohject 
into foc11s also will ten<l to make the eyes 
converge 011 too clo:.e a point and thus 
produce double vision: A possible action 
to correct tl1is might bring iuto play the 
rectus muscles of the eyeball that rotate 
the eyes outward horfaontally. \Ve can 
suppose, then, that the activity of these 
muscles may be intense enough to bring 
about stimulation of the fusimotor sys-

is actively ohserving his c11viro11ment. 
• .\Ve have 011c piece of concrete evi<le11cc 

that this theory represl·nts somethi11g 

Quite !iv chance, while we were 
scn:c11i11g ,; large group of students for 
vi,ual <ldects, we came 011 a surprising 
arn.l fasci11ali11g discovery. It turned out 
that people with poor eyesight tended 
to �how a11 m1usually large amount of 
fi11ger tremor! This was particularly true 
of farsighted imlividuals: the amplitude 
of tlicir finger tremor was mt.1ch larger 

The Author 
OLOF LIPPOLD is remler in physi­

ology at University College Lonclon. He 
c1ualified in medicine at University Col­
lege Hospital in Lonclon in 1946, later 
serving there as tutor to medical stuclents 
,incl :1s sub<lcan of the faculty of medi­
cine. His interest in brain function !ms 
led him to develop, mnong other things, 
a new methocl of psychiatric treatment. 
"We were investigating the action of 
small polarizing currents on the human 
.braint he writes, "ancl it was thought Ly 
·our.subjects, most of whom were mildly
depressed, that the procedure hacl bene­
ficial effects. \.V c soon founcl omsclves 
running a small clinic for treating these 
people." A douhle-hlincl trial showed 
that there were indeed small but siguifi­
cant effects. Lippolcl, who advocates re­
search in methods of teaching, has ex­
perimentPd with programmecl learning. 

close to the uctual state of ,1llairs. It is 
founLI experimentally that if a person 
with normal vision wears special glasses . 
that make him functionally far�ighted, 
uftcr a <lay or so the amplitude of his 
finger tremor i11cre,1ses considerably. 

Ch1rly physiological tremor is i11tro­
tluci11g us to a fascinating field of �tu,:· 
With the sophisticated technique:. ut 
investigation and analysis now available, 
then:: is reason to hope that we shall be 
uhlc to find answers to some puzzles 
a.bout normal muscle· activity aud also . 
lo learn something uhout how pathologi­
cal tremors arise, thereby making them
more useful as a diagnostic and prog­
nostic tool in psychiatry. 
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