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NEWS from CPSC

U.S. Consumer Product Safety Commission

Office of Information and Public Affairs Washington, DC 20207

FOR IMMEDIATE RELEASE
May 2, 1985
Release # 85-022

Background Information Electronic Protection Devices

WASHINGTON, D.C. — The U.S. Consumer Product Safety Commission regularly receives inquiries concerning
devices that produce a high- voltage, low-current electric charge intended to disable an opponent temporarily. For
simplicity, and to avoid use of particular brand names, we will refer to these devices generically as "electronic
weapons.” These devices appear to be promoted for use by police officers and for self-defense.

Electronic weapons come in two main types. One type uses barbed darts that are propelled toward the opponent
by a powder charge. The electricity is supplied to the darts by thin wires connecting the dart and the hand-held
unit that fires them. The Commission does not have jurisdiction over this dart-type device because the Consumer
Product Safety Act specifically provides that the term "consumer preduct” does not include firearms. This type of
electronic weapon is a firearm because the dart is propelled by a powder charge.

The second type of electronic weapon applies the electric charge directly from a hand-held unit which is pressed
against the opponent by the user. While the Commission has jurisdiction over safety defects and unreasonable
risks associated with consumer use of the hand-held type of electronic weapon, the Commission does not have
the statutory authority to require licensing of purchasers or users of such devices or to control their use by police
departments.

The Commission has not received any confirmed reports of serious injuries caused by electronic weapons.

In 1976, before the dart-type of electronic weapon was determined not to he a consumer product subject to the
Commission's jurisdiction, a consultant for the Commission and the Commission's staff evaluated the potential for
lethal effects from one brand of the dart-type device. These evaluations concluded that while the electric charge
would not be expected to kill a normally healthy adult, persons especially sensitive to electric shock could be at
risk. These persons could include the elderly and individuals with heart problems. Possible risks from being hit in
the eye by the dart and from hitting an object while falling after being immobilized were also identified.

The Commission has not tested any of the hand-held type of electronic weapons and does not know if the
electrical characteristics of this type of weapon are the same as those of the one brand of dart-type weapon that
was examined in 1976. Despite claims to the contrary by some distributors of at least one brand of the hand-held-
type of electronic weapon, the Commission has not approved the safety of any of these devices or established
safety standards for electronic weapons. Furthermore, the Commission does not enforce the safety of particular
products.

If information becomes available in the future showing injuries to innocent consumers by the use or abuse of the
hand-held electronic weapons subject to the Commission's jurisdiction, the Commission will consider whether
regulatory action is reasonably necessary to reduce risks associated with these devices.

Send the link for this page to a friend! The U.S. Consumer Product Safety Commission is charged with protecting
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the public from unreasonable risks of serious injury or death from more than 15,000 types of consumer products
under the agency's jurisdiction. Deaths, injuries and property damage from consumer product incidents cost the
nation more than $700 billion annually. The CPSC is committed to protecting consumers and families from
products that pose a fire, electrical, chemical, or mechanical hazard or can injure children. The CPSC's work to
ensure the safety of consumer products - such as toys, cribs, power tools, cigarette lighters, and household
chemicals - contributed significantly to the 30 percent decline in the rate of deaths and injuries associated with
consumer products over the past 30 years.

To report a dangerous product or a product-related injury, call CPSC's hotline at (800) 638-2772 or CPSC's
teletypewriter at (800) 638-8270, or visit CPSC's web site at www.cpsc.govitalk.html. To join a CPSC email
subscription list, please go to www.cpsc.govicpsclist.asp. Consumers can obtain this release and recall
information at CPSC's Web site at www.cpsc.goyv.

http://www.cpsc.gov/CPSCPUB/PREREL/prhtm!85/85022 html 6/18/2004



Mr. Michael Anton Lubin
4701 Connecticut Avenue, N.W.
Washington, T.C. 20008

Dear Mr. Lubin:

This is in formal response to your letter of
November 14, 1975 in which you petitioned the Consumer
Product Safety Commission to ban or in the alternative

issue a safety standard for the device known as the Taser
Public Defender.

The Commission is unable to act on your reguest
because the Commmission has determined that the Taser is not
a consumer product, as defined in the section 3{a) (1) of
the Consumer Product Safety Act (15 U.S.C. 2052(a)(1)).
Rather, as explained irn the enclosed advisory opinion
#236, the product is a "firearm” within the meaning of
section 3(a) (1) (E} of the CPSA (15 U.3.C. 2052(a) {1)(E}) and
thus excluded from the term "consumer product.” Therefore,
the Commission has no jurisdiction to take acticn orn the
merits of the petition and the petition canrnot be considered
further,

Sincerely,

ORIGINAL SIGNzD &Y
_ b 4
SADYE DpUNN

4 Sadye E. Dumn
Secretary

Inclosure

JaMichael:mli:4/€/76
cc:  JAMichael
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UNITED STATES GOVERNMENT | L.S. CONSUMER PRODUCT
: SAFETY COMMISSION
MEI Nnorandum WASHINGTON, O.C. 20207
1o : Commission : oaTe: MAR 22 1975
THRU : Sadye E. Dunn, Secretary
THRU : Michael A. Brown, General Counse£‘ﬂ£S ’62;3£;
FROM  : Jeanette Michael, OGC Q.f.i‘i‘f.‘
suasecT: Jurisdiction over the Taser Public Defender

The term "consumer product” excludes "...any article
which if sold by manufacturer, producer, or importer,
would be subject to the tax imposed by section 4181 of
the Internal Revenue Code of 1954..." (15 U.S.C. 2052
(a) (1) (E)). Section 4181 of the Internal Revenue Code
(IRC) includes pistols, revolvers, firearms, shells and
cartridges. (Emphasis added) Thus, firearms are subject
to the tax under section 4181 of the IRC and excluded from
the term "consumer producti o .

The question is whether the Taser is a firearm within
the meaning of section 4181 of the IRC of 1954.

It is the policy of £he Internal Revenue Service to
defer to Alcohol, Tobacco and Firearms' definition of fire-
arm. This is evident in the definition of "firearm" under
section 4181 of the IRC (26 CFR 48.4181-2) and the Gun
Control Act of 1968 (18 U.S.C. 921). For purposes of the
tax imposed by section 4181 the term "firearms" means "any
portable weapons, such as rifles, carbines, machine guns,
shotgquns or EowIing pieces, from which a shot, bullet or
other projecticle may be discharged by an explosiver.

Emphasis added) The term. "firearm" under the Gunm Control
Act means "any weapon {including a starter gun) which will
or is designed to or may readily be converted to expel a

projectile by the action of an explosive..." (Emphasis

- added)

’

In a public release dated March 18, 1976, the Bureau
of Alcohol, Tobacco and Firearms (ATF) of the Department of
the Treasury announced that the device known as Taser is
a firearm as defined in Title I and Title II of the Gun
Control Act of 1968. Since the Taser is a firearm and,
as such, falls within the purview of section 4181 of the
IRC of 1954, it is specifically excluded under the Consumer
Product Safety Act's definition of consumer product and the
Commission cannot exercise jurisdiction over the product.

ADVISORY OPINIGH

- .
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Government agencies, as do the courts, usually give
great weight to the views and interpretations of the laws
that the agency administers. (Trafficante v. Metropolitan
Eife Ins. Co., 409 U.S. 205 (1972)). Thus, the Office of the
General Counsel suggests that the Commission defer to ATF's
present findings and conclude that the Taser is a firearm.

A —

This advisory opinion negates advisory opinion #226.



UNITED STATES GOVERNMENT U.S. CONSUMER PRODUCT
‘ SAFETY COMMISSION

Memorandum WASHINGTON. D.C. 20207

“TO : Commission oars: MAR 22 1976
THRU : Sadye E. Dunn, Secretary
THRU : Michael A. Brown, General Counsel

FROM  : Jeanette Michael, OGC 99/)!1

.

y
susJecT: Reconsideration of the Commission's jurisdiction over a
device known as the Taser Public Defender

On November 7, 1975 the Office of the General Counsel
issued an advisory opinion (#226) (see attached) which
stated that the Taser was a "consumer product" within the
meaning of the Consumer Product Safety Act (15 U.S5.C. 2052
(a) (1)), thus subject to the Commission's jurisdiction.
Attached for your information is a copy of a revised adVLSory
opinion concerning the Commission's authority to regulate '
the Taser. This revision is prompted by the recent decision
of the Department of the Treasury, Bureau of Alcohol, Tobacce

and Firearms.

Attachments
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UNITED STATES GOVERNMENT LS. CONSUMER PRODUCT

THRU :
FROM

SUSUECT:

: Tom McKay, OCR

: Jeanette Mlchael 0GC /.,,: CONILLL “":3};

SAFETY COMMISSION
Memorandum REC'H F7 WASHINGTON, D.C. 20207
QFFECF T |

) 3 e Y R
Rov 7 B3 v B s 0L 7

T
Margaret Freeston, Asst General CounseL

SAFET‘{ cCi. b‘
Jurisdiction over the Taser Public Defender

The Consumer Product Safety Act gives the Consumer
Product Safety Cor11=s*on jurisdiction over all consuner
products. Tne term “consumer proch‘“ excludes "...any
article which, i: ”OLd ov the manu¥tacturer, produgcar,
or importer, would be su bj“Ct to the tax imposed by
section 4181 of _ne Internal Revenue Codz2 of 1854...cr
any component of any suciih article..." (153 U.S.C. 29852
(a) (1) (E)). Section 1181 includes pis:tcls, revolvers,
firearms, shells and cartridgas. (Emphasis addad)

The question is whether the "Taser" is a firearm
within the meaning of segtion 4181 o7 the Internal
Revenue Code (26 U.S.C. 4IBl).. The term firearm has
been defined in 18 U.S.C. 9221 (Gun Control Act of
19%968), 15 U.S.C. 901 and 28 U.3.C. 5843. It is not
clear which definition is aunllcable, however 18 U.S.C.
921 is the most comprehensive.

{3) The term "firearm" means (A) any
weapon (including a starter gun) which -
will or is designed to or mav readily
be converted to expel a DrO]eCtlle by
the action oz an explos;ve. (B) the
frame or receiver oi any such weapon;
AC) any firearm muffler or firearm
silencer; or (D) any destructive de-
+vice. Such term does not include
‘an antique firearm. (Emphasis added)

(4) The term "destructive device”
means- .

{(A) any explosive, incendiary,
or poison gas -

(i) bomb,
(ii) grenade, . : y
. {(iii) rocket'having a pro- >§
pellant charge of more than

four ounces, K
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(iv) missile having an explosive
or incendiary charge more than one-
quarter ounce,

{v) mine, or

(vi) device similar to any of
.4+ the devices described in the pre-
ceding clauses; »

(B) any type of weapon (other than a
shotgun or a shotgun shzll which the
Secretary finds is genarally recognized
as particularly suitable for sporting
purposes) by whatever name known which
will, -or which may be readily converted
to, expel a projectile py the,action
of an explosive or other propellant,
and which has any barrel with a bore
of more than one-half inch in diameter;
and - : '

(C) any combination of parts either
desigred or int=nded for use in cqn-
. verting any device into any destructive
device descri»ed in subparagraph (&) or

(B) and from which a destructive device =
may be readily assembled. o -

In response to an inquiry from Mr. J.E. Rogers of
Rogers, Mirabelle' & Berlanti dated 10-12-73 concerning the
classification of the "Taser” under the provisions of the
Gun Control Act of 1968, Mr. A. Atley Peterson, Assistant
Director, Technical and Scientific Services, Bureau of
Alcohol, Firearms and Tobacco, Department of the Treasury
concluded the following: .

The "Taser" is not a firearm as defined
.in 18 U.S.C. 921, Rationale- Although the
wragser” wires are expelled by the explosion
or expansion of gases generated by the ignition
of 4/5 of a grain of smokeless powder, the wires
. and appropriate wire contacts do not meet the
definition of a projectile. The determination
is based on the fact that the muzzle velocity
is well below the standards established by
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the Office of the Surgeon General,
Department of Army. Research studics
conducted by that office indicate that

an impact velocity of from 125 to 170
feet per second, contingent on the
composition and shape of the projectile,

- is necessarv to cause a break in the skin
-in @n unclothed arsza. These findings
reinforca the finding of ATF that the net
or barbs are not projectiles since they
deploy over a strictly limited area and
are still attached to the basic component-
by means of the wires which convay the
electric chargas.

This office agrees with the findings of the Alcohol,

Tobacco and Firearms Division of the Depar&iment of the
b

Treasury and concludes that the "Taser" doss not fall with-

in the purview of sectisn 4181 ©f the Internal Bevenus
Code of 1954 (26 U.S.C. 4181 Since the "Taser" .is not
specifically excludzd under +he Consumer Product Safety
Act, the Commission can exercise jurisdiction ovar the
product under that Act, '

While the views expressed in this opinion are based
on the most current interpretation of the law by this
office, they could subscguently be changed or superseded.

b



STATEMENT

The Consumer Product Safety Commission has today
received the opinion of the Bureau of Alcohel, Tobacco
and Firearms (within the Department of the Treasury)
regafding their decision to regﬁlate the TASER under the
Gun Control_Act.of 1968..

The Commission is presently reviewing ATF's opinion
in view of an earlier CPSC vote declaring the TASER a
consumer product which could be regulated by the Consumer
Product Safety Act. It is too_soon to determine what the
implication of ATF's decision .will be regarding the
Commission;s earlier decision.

The Commission will delay action on a currently
pending petition from Mr. Michael Lubin, Wachington, D.C.,
requesting the Commission to set stancards or ban the
TASER under the authority of the Consumer Product Safety
Act.

No timetable has been set for a Commission decision

. on either the ATF opinion or the Lubin petition.

-30-

3/18/76
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: Memorandum . : . WASHINGTON. D.C. 20207
TO. : Joseph Z. Fandey DATE:

Technical Analysis Division

? FROM  : Nedl P. Zylich, Hazard Analysis Enginee;\qf?é}
' Special Engineering Studies Division

"suswecT:  TASER Evaluation and Analysils

[ : The Bureau of Engineering Sciences was requested by the
Office of Standards Coordination and Appraisal to evaluate
the TASER Public Defender for potential for injury.

DESCRIPTION

flashlight (dimensions are 9"x3"x2" and weighs 1-1/4
pounds). It contains a cartridge-like insert that when
actuated by a small chargé of powder, propels two small
darts. Each dart is conneeted by a'wire 18 feet in length
To a transformér power scurce within the TASER. When.

, the darts are propelled, if they strike either skin or

! clothing they will imbed themselves in it. 1If both darts
: imbed themselves in either skin or clothing on a person,

| : the person can be subjected to an electrical shock.

; Note, the darts do nctt have to make physical contact

i _ with a person but just attach themselves to a person's
clothing in order for the person to receive an electrical
shock. The holder of the TASER depresses a switch on

the TASER after the darts have been fired and imbedded

in order to transmit an electrical shoeck to the intended
victim. The electrical shock lasts as long as the switceh
is depressed. Approximately two to three minutes is the
maximum time duration the electrical shoek can be applied.
continuously before the battery is discharged and the
TASER becomes ineffective. '

|
1
|
i
i The TASER 1is a battery operated device the size of a large
|
|
i

P e . —— e pmea— -
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Subject: TACER Evaluation and Lnalyesis

BACKGROUND

RES thrcurk 0ICA cbtained twe TASERS, a circuld descrip-
tion of the TASER, and test and operational literature
on the TASER. After an initial review and analysis of
the TASER by BES (which included taking photographs

of the TASER output waveform at various impedances

whiech simulated body impedance; see Attachment 3) it was
decided to concentrate on the electrical aspects of the
TASER only. The injury effect of the pointed darts was
considered. It is concluded that the barbs will penetrate
human skin to a maximum depth of approximately 5/16".
The most obvious serious injury which could result from
the dart itself would be an injury to the eye..

BES contracted with Dr. Theodore Bernstein of the
University of Wisconsin, a recognized authority in the
field of electric shock effects, to evaluate and analyze
the TASER electrical output. The TASER output waveforms
were measured at the National Bureau of Standards by
CPSC personnel and photographed. This information, a
TASER, and literature made available by the TASER manu-
facturer concerhing the testing and safety of the device

were supplied to Dr. Bernstein for evaluation.

BES has reviewed Dr. Bernstein's analysis, a copy of
which 1is attached. Attachment 2 contalns specific
comments and/or clarification cecncerning this analysis.

RESULTS

The calculated effective current to which an individual
‘would be subjected 1s approximately ten milliamperes.
This current is above the threshold of the "let go"
current value in the literature for which test data 1is
available. Professor Dalziel® reported on tests conducted
on volunteer subjects: 40% of the women tested and 15%
of the men tested could not let go of a current in excess
of 10 ma. While this value caused pain, no permanent
injury resulted. These tests were conducted at 60 hz.

It should be noted however that the effect of let go

is a function of frequency as well as current. At
frequencies above 100 hz the effects of current decrease
such that the let go current increases. For example

the fifty percentile let go threshold for men at 60 hz

is 17 ma while the fifty percentile let go threshold

for men at 10 khz is 74 ma. Thus the 10 khz threshold

is over four times as high as for 60 hz.

¥Professor Charles Dalziel of the University of California, the
recornized leading authority in thils field prior to his
recent retirement.

M
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Subject: TASER Evaluation and Analysis

Dr. Bernstein states that the "meaximum TASER cutput 1s
approximately 1C% of the lethal value". This relates
the value of rms current for all freguency components
up to 13 khz of approximately 10 ma to the commonly
accepted value of 100 ma for ventricular fibrillation
of a normal adult human. Professor Kouwenhoven in his
paper on "Effect of Electric Shock' in the Transaction
of A.I.E.E. V.49, January 1930, p. 381 stated that

100 milliamperes may cause death and that for normal
persons the current should not exceed 30 milliamperes.
Ferris, Spence, Williams and King stated in theilr report,
"Effect of Electric Shock on the Heart" in Electrical
 Engineering, V. 55, May 1936, p. 498 that the maximum
current to which man may safely be subjected for shocks
of one second or more in duration is about 100
milliamperes. Dalzliel and Lee have shown with tests

on dogs in their report "Lethal Electric Currents"

in the February 1969 IEEE Spectrum on Page 48 that the
average 100 pound or more animal requires approximately
100 milliamperes for ventricular fibrillation.

H. Spencer Turner in his report on "Human Responses to
Electricity A Literature Review", Ohio State University
Research Foundation, 1972 on Page 43 states that sinu-

soidal currents in excess of 100 ma at 60 hz from hand
to foot will be dangerous for shock durations of three
seconds or more for man.

With regard to establishing a standard for such a device;
simply stated, a standard would address such devices
for both AC and DC operation.

The energy output of such devices would -have to be defined
in terms of frequency, pulse height, pulse width, on

and off time of pulses. The maximum energy would then
have to be determined for various frequency bands such
that at least the 30 dispersion of the population would be
covered. The definition of the energy levels would

depend on medical judgements, and whatever data may be
available in the literature. -
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Subject: TASER Evaluation and Analysis

CCHCLUSICN

In conclusion, BES agrees with the finding that the TASER
should not be lethal to a normal healthy person. This is
based on a comparison of Dr. Bernstein's engineering
results with the known engineering data in the literature.
Additionally a standard could be develcped but not

without a costly and time consuming program to do so.

530959:76:NPZylich:pc
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L"‘“""’ ' DEPARTMENT OF ELECTRICAL Nt

AND COMPUTER ENGINEERING

1425 Johnson Drive
Madison, Wisconsin 53706
Telephone: 608/262-3940

February 12, 1976

Mr. Neil P. 2ylich

Hazard Analysis Engineer, BES
Consumer Product Safety Commission
5401 Westband Avenue, Room 818
Bethesda, Maryland . 20207

bDear Mr. Zylich:

I have completed my analysis of the information you sent me with
your letter of February 4 concerning the Taser Public Defender electric
gun. The primary emphasis in my study was to determine whether the
Taser electrical output can be lethal. I did not deal with other pos-
sible hazards that would probably be non-lethal such as electrical
burns or physical injury caused by the darts.

The electrical output for a device is a function of the load on
that device. The Taser output was tested with resistance locads of
200, 500 and 1000 chms as well as higher resistance loads. I perform=d
none of these tests but have evaluated the test results. With the
Taser darts fully 1nserted into tissue, the exposed dart area per dart

“would be about 5.5 mm?. Geddes-and Baker show impedances between—palrs——

of needle electrodes to be approximately 1000 ohms for 5.6 mm? exposed
area electrodes and approximately 300 ohms for 73 mm?electrodes.

{L.A. Geddes and L.E. Baker, Principles of Applied Bicmedical Instru-
mentation. New York: John Wiley, 1975, pg. 248.} Since the Taser

.electrodes have barbs and are forcefully inserted, it would seem that

local trauma would increase the effective area of the barb and thus de-
crease electrode ;esistance to the 200 to 1000 ohm range.

Tests were conducted to determine the Taser output into 200, 500
and 1000 ohm resistive loads. The output consisted of a train of damped
sinusoids with a frequency for the pulses of 13 Hz. One possible means
for evaluating the safety for the Taser output is to compare the out-
put to the output of a device that provides shocks that are considered
safe for humans. Appendix F supplies a summary for the maximum output
for an electric fence controller into a 500 ohm locad as specified by
Underwriters Laboratories. It is seen that pulses with an energy of
aoproxlmately 90 mJ per pulse is maximum. The maximum pulse repetition
rate is about 1 Hz - off period must be greater than 0.75 seconds. 1In
Appendix A, the energy per pulse for the Taser was calculated for 200,
500 and 1000 ohm locads. The results were:

R, () W(mJ)

200 . 53.6
500 ' 102.2
1000 140



Thus, the Taser output energy per pulse is sonewhat higher than the
allowable output for an electric fence. A more important point, however
is that the Taser pulses occur 13 times per second compared to the once
per second for the fence. The power into the load is then 13 times
greater for the Taser output than for the electric fence. These results
indicate that the Taser output is more hazardous than an electric fence
output.

Because the Taser output consists of a pulse train, it appears
best to compare this output to the known effects of steady state sinu-
soidal currents. Much work has been done on the effects of different
values of effective, rms, currents and on the effect of different fre-
quencies. In Appendix B, the effective value for the Taser output
current is calculated. The results are:

R (Q) I, s (MA) .
200 | 60 |
500 51.6
1000 | 42.7

For 60 Hz, alternating current, the current that will cause ventricular
fibrillation in one out of twe hundred individuals is greater than
approximately

150

Irms = TE; mA

where T is in seconds. This expréssion is valid for 8.3 ms <T < 5s

with the value of current from 5 to 20 seconds about the same as for

5 secondss The eonstant,—150-is-sometimes reduced to 100 when consider-
ing safe current levels for children. The effective current output for
the Taser appears to be close to the level that can cause ventricular
fibrillation and death except for the fact that the heart does not res-
pond readily to higher frequency currents. The lethal level for 60 Hz
current cannot be compared directly to the total effective current
output of the Taser because the Taser output has high frequency compon-
ents that have negligible effect on the heart.

" To include the response of the heart to the frequency of the
electric current, the frequency spectrum for the Taser output was cal-
culated in Appendix C. Appendix D provides a calculation for the
effective value for each of the freguency components for the Taser out--
put; in addition, compensation is included in the calculations to )
include the fact that higher frequency components have less effect on
the heart. It is shown in Appendix D that a conservative approach, one
that maximizes any danger, is to assume that the heart responds equally
to all frequencies of current to 13 kHz and does not respond to fre-
guencies above this value. Taking equal magnitudes for all frequency
components below 13 kHz in the Taser output and with a 13 kHz cut-off,
the following effective currents were calculated:

Ry ; I_ (ma)
200 - T 8.9
500 8.7
1000 10.9



‘Thus it appears that the maximum Taser output current ic roproximately
10% of the lethal value. The current is akocut twice the 5 ﬁﬁ let-co
current level which seems to explain why the shocks are effective in
1ncapac1tat1ng an individual.

Appendix E includes a discussion of the Taser provided test results
and references.

Conclusions

1. The Taser electrical output is not lethal.

2. As with any electric shocking device, there may be cases of
lethality because of individual susceptibility.

3. The hazard in the output would be increased if the pulse repeti-
tion rate should increase or the amplitude of the output increased.

Sincerely,
/ el
(,

Dr. Theodore Bernstein
Professor

TB:aeh




APPENDIX A
Energy Content in Damped Sine Wave Pulse

Consider the voltage wavefoim as in Figure Al across an R

oﬁm load

Voltage
(V)

/\U/\V’\; el ' ‘.

Figure Al

this curve can be approximated by

t

vit) = Vge T sin wgt V (A1)

where T _is the time constant for_the damping term in seconds and

w3 is the damped‘natural freéuency in radians per second.

The instantaneous power delivered to the resistor is

v2 (t) v - ’
p(t) = R =5 e sin mdt W (A2)

while the energy dissipated in the resistor is

' 2
Ww=[plt)at=[ = e T sin® wgt a&  J (A3)
o o
Since sinzA = % (1~cos2A) [Dwight 404.12]
W==2 [ (e Tat-e * cos 2ugtdt) (24)
2R ° d
From Dwight, 577.2
ax e2*
[e cospx dx = —5 3 (a cosux +Y sinux)

a‘+y



So ‘ ' 2t

2 2t -—
Vo T T e 2 o
W= 7R -5 e -2 (- T cosdet + 2wd51n4
— + 4w
2 d
- T
2t
vé T
w=-2 | T._=* . 2
23 2 —%+4m§ T
<
Vit T : .
Wear |t T L2 J (5)
1+md _ .

To evaluate V., find the time, tp' for the first voltage
peak and the magnitude of the first voltage peak, V o’ from the

voltage trace. Then

t
VP = Vo e iln mdti_ _V ) (a6)

where VP is the first peak voltage. Thus measuring Vp, tp'

T, and w4 from the voltage trace permits the calculation of

Vo.' . |

When, in equation (AS5S)

1

11-———2<<1
'-{_-'l' md

v2 1
ws -2
)

R J (A7)

wﬁt)

L



v
vp( )

“g
T(s)
'tP(S)
VO(Y)

W(J)

= %} (rad/s) 4.83x10

200
1250
5

20x10"°

3x107°

1463

53.6x10

3

For Taser 1
R (f2}
500
3000

4.83x10°

15%x10~°

3x10”°

3692

102.2x10"3

1060
6000

4;BBXl05

5x10 " °

2.5%x10

10,583

140%10"°>

6



APPENDIX B

Effective Value for Damped Sinusoidal Pulses

Consider a train of damped sinusoidal pulses as shown

[

e

Figure Bl V4 %
e RV e

For this train the time constant for the pulse,q', is much less

than the pulse repetition rate, T. If

. v _t
- -2 T sj
i= R e sin wdt A (B1)
then :
oy? o2t 1/2
- .-1 O T » 2 d A 2
. Irms = = f ;5 e - ;sz.n wdt t (B2)
o
for

T<<T .
Using the same technique as used for solving equation (A3)

1/2

2
v T , )
r__ = ° [1 - 72 ] A (B3)
4R°T 1+mdt _
As in A(7)
, 1/2
; Y[z A (4
xms 2R |T
For a freguency of 13pps, T = {%-= 7.69x10-2s.
R(Q)
200 500 1000
I___(A) 60x10 3 51.6x10 3 42.7x10"°
ms



APPENDIX C
Freguency Components in Taser Output

For the Taser output shown in Appendix B, Figure Bl,

"each of the pulses has the form

vit) = v, et Jin wgt v (c1)

The pulses occur at a frequency with a period of T seconds.

The Fourier Transform for the single pulse is given by

“g
F(jw) =V > v3 (C2)
© (a+jw)”™ + w3 » .

that has a frequency spectrum as shown in Figure Cl.

_ |F (jw) |
T./.\ A "
Figure C1l

[G.R. Cooper and C.D. McGillem, Methods of Signal and System
Analysis. New York: Holt, Rinehart and Winston, 1967,

pg. 121].

The discrete values for the discrete frequency components
for the periodic signal with period T are proportional to the

magnitude of the fregquency spectrum at discrete intervals of

_2m
Wp = rad/s . (C3)

[Reference Data for Radio Engineers, sixth edition, pp. 44-10
and 44-11].
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For the output of Taser 1

R ()
200 500 1000
- 5 5 5
wy (rad/s) 4.83x10 4.83x10 4.83x10
Wa
£, = oo (kKHZ) 76.9 76.9 76.9
T (us) 20 15 5
a=2  sxof 6.67x10" 20x10*
£ (Hz) 13 13 - 13
T = % (s) 0.077 0.077 0.077
= 2% (rad/s) 81.7 81.7 81.7 -
r = T -
Rewriting eguation (cz):
_ . =,
F(jw) =V, — : 5> (C4)
(Jw)® +2a(jw) + (a +md)
or
V. w
F(jw) = o d 1
al+e? (w2 , _2a -
a 48l 4 (Gw) + 1
2,2 @ 22,2
Nd md
V. w ,
Flju) = 3—5 G(Gw) (c5)
a +w
a
where
Gljuw) = — 3 (c6)
(Fw) 2a )
2. 2t 3, 3z (Qu +1
a +wd a +md



¥

Eguation C6 can be recognized ac

1

Hy

the

P

regquency response

t

-
5

characteristic for a simple second corder system with an undamped
natural frequency of

w, = (a? + m;‘;)’E | (c7)

and a damping ratio of

r = = (c8)

W
n

Substituting for the values for a and Wy for each of the loads,

R (2}
200 500 1000
z 0.1 0.14 0.38
w (rad/s) 4.86x10°  4.88x10° 5.23x10°
w, ’ ) .
£ = 52 (kHz) 77.3 17.7 © 83.2

T — = — 28

S



. APPENDIX D
~_.Relationship Between the Freguency Components in the Taser Output

i .

and Human Lethality Currents

: ' c
The Fourier transforms in Appendix E show that the Taser

output has a frequency response spectrum corresponding to an un-

damped‘seconduorder.system. Figure D1 shows the frequency response
' ?ﬁéctrum for the damped sinusoidal pulse with a 200Q load on the
—Téégr. Figure D2 shows the frequency response spectrum for a 10004

.16ad. Because of the 13 Hz repetition rate for the pulses, the

actual output contains discrete freguencies with an amplitude read

from the frequency spectrum curve at discrete frequencies 13 Hz A
apart. ! .
. ;..J _ If the rms current for _tl;;_e nth harmonic is In ms then

_ fﬁhé;rms current for the first N harmonics is given by

N n=N 2 k '
. Iins (E<3) = Z Inm (p1)
. ‘l n=0 :
i
13
s current is for all freguency components to the N'th harmonic

#

vwhere T is the repetition peried (T = s) and f<¥ shows that the

 of . the repetition frequency.

v

e Observing Figures Dl and D2, it ’'is seen that the frequency
'r;sponse for G(jw) is relatively flat to about 40 kHz. It is known
'-Fﬁtﬁat the human body is less sensitive to higher frequency currents
_-éé that current components at higher freguencies must be larger for
-{ﬂgfhe same effect as for lower freguency components. The Association
“for the Advancement of Medical Instrumentation (AAMI) made use of
this when they developed a test load to test équipment. This load

-, Y
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éiﬁulated tie human body by having a frequency response forcurrent
that was flat, did not attenuate currents,to 1 kHz. The input cur-
rents were attenuated inversely proportional to frequency froml kHz to
100 kHz; at 100 kHz a current had to be 100 times larger thanat 1l kHz fol
the same effect. From 100 kHz and higher the current was attenuated
at the same value as at 100 kHz. This attenuation characteristic

is shown added to G(jw) in Figures D1 and D2 to provide an overall
indication of the effect of freguency on the hazard current. Both

of these curves show that any frequency components greater than 10
kHz are attenuated gy greater than 0.1. [The AAMI load was discussed
by Deneé Roveti, "The Changing Face of Electriéal Safety: Test
Loads,” Medical Electronics and Data, Vol. 6, No. 3, May-June 1975,

pp. 42-45.]

Because of the rapid attenuation of effect of currents above

30 kHz, a conservative approach“can be used where all frequency
components up to 13 kHz are weighted equally while frequency cﬁm—
ponents above 13 kHz ére neglected. For the 200Q locad it is
assumed that all components to a frequency of 13 kHz have the same
magnitude as at low frequency. From equation (C5)

| | er

F(jo) . o d _ ‘ ‘ " (D2)

R R(a2+m§)

I(jo) =

Using the values of

v, = 1463 V, uy = 4.83x10° rad/s, R = 2008,

and a = SXI04

I(jo) 1.537x10'5 (D3)

-3



From page 44-11 of Reference Data for Radio Engincers, Sixth editien,
the rms value for a freguency component with the magnitudec as

given in (D3) is

2 .
I = I(jo)
n rms /3 T
where % is 13 Hz. So
T = 2.82x10° % 2
n rms )

There are 1000 discrete frequency components between 0 and 13,000

Hz so according to eguation (D1)

= ¥ 104
Ims = (1000) *(2.82x10

) = 8.9 mA
In a similar fashion the rms current for all frequency com=
ponents of the output to 13 kHz is given below assuming at all fre-

guency ccmponents are equally effective to 13 kHz.

— —_

R = 5000 Irms(f<13kHz) 8.7 mA

10.9 mA .

100090 I

R f<13kHz)}

ms(



Discussion of Physiological References "

Supplied by Taser Relating to Safety

In the packet of material supplied by Mr. Neil Zylich with his letter of
Fe§ruary 4, 1976 only two of the items relate to the physiological effects of
electrical shock as related to safety. These were item 6, Tas:r related test
summary (da;ed May 10, 1972 for Taser Systems, Inc.) and item 7, A "Medical
Bibliography and Summary" (from TSER Systems, Inc.}. Other material in the packet
such as item 5, A “"Summary of TASER Effectiveness” tests (from TSER Systems, Inc.)
and item 8, An "Evaluation of TASER Effect on Trained Monkeys" deal primarily
with effectiveness and only indirectly reléte to safety bécause of the qualitative

manner in which the tests were performed.

In item 6 tﬁe statement is made ;pat} "The design output of the TASER is more
__than 50_times.lower than maximum safe lgvel as deteimined by medical tests."” I
don't understand what parameter of the output is 1/50 of what safe level. It is
stated that the Taser output is close to the operating level of electric fence
outputs. One Taser pulse has approximately the energy allowed for an électric
‘fence output but this Taser supplies these pulses at a féte of 13 Hz while the
electric fence has a maximum allowable pulse output rate of approximately 1 Hz. 1In
one second the Taser supplied 13 times as much energy as an electric fenée output.
In the effectiveness summary, refereﬁfe was made to‘F "freezing™ level {[let-
gol of 16 mA at 2.5 W determined at U.C. Berkeley in 1968. This figure refers to

60 Hz tests and does not apply directly to the Taser type pulse output. Underwriters

Laboratories in their standard for electric. fences, U.L. 69, refer to pulses at a
repetition rate of approximately one per second or ac output with an on period of
less than 0.2 s and an off period of0.9 s. Great care must be used before applying

these results for the Taser type output.

-2



In the section on non-lethality summary, reference is made to an e€«pression
of I/t-f C.1 for the current-time rclaticnship for the threshold of non~fibril-
lating shock. This relaticnship was determined by Prof. Lalziel and applies only
to 60 Hz shock with a valid time range of 8.3 ms to 5 s. It can not be used for
pgriods less than one half cycle of a 60 Hz wave,8.3 ms. This relaticnship cannot
"be used directly for the Taser type output. A mistake has been made in gquoting a
figure of 4 mA-s cutput as safe according to Underwriters Laboratories., In u.L. 69, .
Graph 1 on page 18 shows that a maximum of 4 mA-s is allowed for shocks with a
pulse on period of 0.1 to 0.2 s. For shorter duration shoéks.the allowabkle value
is reduced, i.e., for a pulse duration of 0.03 s, the allowable valué is 2 mA—sr
The Tgser with its very short pulse duration would have an even lower value. Once
again it is important to note that the U.L. standard allows about one pulse per
second compared to the Taser's 13 pulses per second. The reference to NIH
sponsored studies at Statham Labs isn't:sufficienp for me to find this information.
Any tests must includé‘carefuI_mgasuréﬁégf of'éIEEféicaprarameters to properly
evaluate such tests.

Item 7 has the medical bibliography and summary. In sectioﬁ I on heart
¢£ibrillation tests, most tests deal with 60 or 50 Hz tests with shocxs ol longer
duration than for the Taser output. In section II, Dalziel and Lee discussed only
continuous 60 Hz and dc with respect to let go current. Dalziel's study of im-
pulse shock, 1II, dealt with capacitor type discharges rather than a continuous
train of pulses. The electro convﬁlsive therapy in section IV relates to shocks
across the head and are unlike the usual points of application for the Taser. 1In
section V, the U.L. electric fence history is useful except for the lower repeti-
tion rate for the pulses that must be considered. The ground fault circpit

interrupter tests listed in section VI have little direct application in this

case as they apply to a continuous 60 Hz current.

»
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The summary in item 7 seems to infer mere than is proper Irom the refercnces.
The heart fibrillation and let-go current studies were for 50 Hz so they must ke
appliecd with great care for the Taser type cutput. The electrical shock accident
history dealt primarily with single capacitor discharge type accidents so once
again great care must be exercized in applying these data to Taser type outputs.
Electro convulsive therapy applies éhocks to the head, usually 60 Hz, so these
results have little application to Taser type cutput. The requirements for electric

fences and ground fault circuit interrupters must be used with great care because

of the type of electrical output of the Taser.



ELECTRIC FENCES

References

1. U.L. Bulletin of Research No. 14, "Electric shock as it
pertains to the electric fence", Sixth Printing, December
1969 (Basically original report of September 1939).

2. U.L. 69, Standard for Safety, "Electric Fence Controllers”,
3rd Edition, May 1, 15872. : :

U.L. 69

The standard for the electric fence provides a good basis
for allowable, .safe, intentional electric shocks.

993 500 2 locad for tests
(Lowest value for body resistance)

198 "Off" period greater than 0.9 s for sinusoidal-type output
Greater than 0.75 s for peak discharge-type ocutput

(Since shocks are above let-go level, this gives person
— chanc® to get off the fence. Continuous output is not
permitted.)

9100 Any single failure in the controller will not produce a
continuous current greater than 5 mA.

(This level should be below'letﬂgo carrent.)

9108 For peak discharge type output "Off" period not less than
' 0.75 s. -

"On* period not more than 0.2 s.

A curve is provided for the maximum allowable output in mean
milliampere seconds versus time of the "on" period. This
actually specifies an allowable energy in the shock pulse.

P = i°R W(3/s) : o (1)
W=i%Rt I (2)
W = (it)2 -E- J - (3)

The curve is for "on" period times from approximately 0.03 s
to 0.1 s. From 0.1 s to 0.2 s the allowable output is a con-
stant 4 mA-s. Using the value of T of 500 Q and equation (3),

/
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‘the following energies can be calculated:

t(s) it(a -s) W{J)

0.03 2 %1073 66 x 1073
0.04 2.5x10° 78 x 1073
0.06 3.25x10 ° 88 x 10>
0.08 3.75x 10 ° 89 x 107
0.10 ax10°3 80 x 10>
0.20 4x10"3 40 x 1073

9110 For sinusoidal output
"On" time less than 0.2 s
"off" time not less than 0.9 s.

A straight line curve of maximum allowable rms current versus
"on" time of the shock is given for time of shocks from 0.03 s
to 0.2 s. This curve has the equation

Irms = =350 £t + 75 mA (4)

The allowable current from equation (4) is compared to the
value that could cause ventricular fibrillation derived

from the following egquation. .

_ 100 -

I mA
Ims f'E
t is in seconds.
= - 21.9_0. = 2
N I__=-350+75 (ma) Tims = %2 (mA) W=50012 _t(J)

0.025 65 632 52.8x10"°
0.05 57.5 447 82.6x10 3
0.10 40 316 80 x 10>
0.15 22.5 258 37 x 1073
0.20 5 223 25 x 102

U.L. Bulletin of Research No. 14

Much useful data but a little old. Calculated currents when a
light bulb in series with 120V line and the fence are actually
higher than shown in the report as the cold resistance of a
bulb is about 10% of the operating hot resistance.
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ATTACEMENT 2

The following comments concern Dr. Bernstein's analiysis
of the TASER.

l.

On Page 1 in Paragreph 2 the impedance between pairs
of needle electrodes has been found to be on the crder
of 200 ohms. J.C. Heesey, M.D. and F.S. Letcher,

M.D. of the Naval Medical Research Institute in their
report "Minimum Thresholds for Physiological Responses
to Flow of Alternating Electric Current Through the
Human Body at Power-Transmission Frequencies" have
determined that the minimum resistance likely to be
encountered with small cuts and needle punctures

is approximately 200 ohms. The place where the needle
electrodes contact the body does not seem to make

much difference as has been verified by tests on

dogs by Dr. Bernsteln.

On Page 11 in ?aragraph 1 the reference to "Appendilx
E" should read "Appendix C". '

One Page 14, Paragraph 2, 13 khz represents a con-
servative frequency band and also simplifies the
mathematical analysis_of the output waveform.

On Page 2 and on Page 20 the current that will cause

verrtricular fibrillation in adults is Irms = 150 (ma)
vT
and in children is Irms = 100 {ma)
YT
The more conservative children's number has been used.

This equation is a result of Dr. Dalziel's and Lee's
work with dogs and animals and is explained 1n detaill
in his report in IEEE Spectrum of February 1969
titled "Lethal Electric Currents".

On Page 20 it should be noted that the W=500 I%rms t(J)

energy column relates to the Irms = -350t+75(ma)
current column while the Irms = 100 {(ma) current cclumn
/T

is shown for reference to indicate the relative
allowable 60 hz current. Also please note that the
t is missing in current equation Irms = -350 + 75(ma).



WAVEFORM

NUMBER

1

o ~N v =W N

ATTACHMENT 3

TASER CUTPUT WAVEFCRMS

MADE WITH 7623 TECTRONIX SCOPE AND
P6015 TECTRONIX HI VOLTAGE PROBE

LOAD ON

OUTPUT

2000

5000
10008
6000Q
159008

1" Gap
1/2" Gap

1/4" Gap

Pulses per second

Repeatability of waveforms was very good.

SCOPE TRACE NUMBER

TASER

S/N _A2874

1A

1B

1C

1D
"1E,1F

1G

1H
13

" -

TASER

S/N A3314

2A

2B

eC
.2D

2E,2F

2G

2H

2J

S/N A2874 » 12.7 pps
S/N A3314 + 13.5 pps
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Memorandum L AnTE L oT SAFETY cCOMMisSSION

WASHINGTON, D.C. 20207

UNITED STATES GLOVERNMENT

Joesph Z. Fandey, TAD/OSCA pare: February 10, 1976

Albert F. Esch, M.D., Director, OMD//j/lr < )

‘ Leo T.'Duffy, M.D., Deputy Director ,E;Z; 'ngéééééif%’

Office of the Medlcal Director
TASER TF-1, Cp-74-5

The, Office of the Medical Director has reviewed the
material submitted by your Office concerning the sub-~
ject petltlon. Although this reply will concern itself
only with the medical aspects of this subject, we
recognize at the- start that thls product is manufac-
tured as a "dangerous weapon”, and should be so treated.
As such, its effectiveness depends on the creation
of some measure 'of injury in order to fulfill .its
intended purpose. Therefore, it appears that the role
of this Office is more conce;ned with asse551ng the
"risk of unreasonable injury" rather than the "unreasonable
risk of injury". This memorapdum will not -address
the social, moral ana_ﬁﬁilosophlcal issues which are
necessarily bound to be raised in the discussion and

' consideration of the use of this product.

From the electrical data supplied as the design output,
and our survey of the literature (references attached),
it is apparent that the stated available electrical
current (50,000 V/0.3 joules/l0 pps) is non-lethal

when the weapon is used as directed on the "average,
healthy" adult. The current-related injury sustained
with the intended use of the TASER is related to the
neuromuscular system, and is exhibited as an abnormal,
tetanic or sustained contraction of muscle groups which
has the effect of immobilizing the recipient. This e
reaction is induced by the action of the®electric .
current passing through the skin, and then following
nerve pathways by means ¢f the nerve fibrils (cells)

‘and their myelin sheaths, both of which are excellent
conductors. The current is then continued through

nerve endings (synapses) which are attached to muscle.
The transference of the charge to the muscle cells

causes them to contract. This injury process, ordinarily,
is temporary and reversible when used as indicated

on the healthy human. The level of current is comparable
to that of U.L. approved electric wire fences as far 7,

J
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as the "freezing" action is concerned. However, 2
major difference exists in that the electric fence
pulsed charge of approximately 4.0 mAmp has OFF and

ON periods which would allow the ability to "letgo",
and get free from the fence. With the TASER the "let-
go" 1is dependent on the user interrupting the flow

of current by releasing the release bar.

With exposure to the stated amount of TASER current,

there is a wide margin of safety 2s related to causing

cevere cardio-vascular reactions. An alternating '
current of 60-120 mAmperes, 120 Volt, 60 Hz can result

in ventricular fibrillation. This is an asynchronous,
uncoordinated rhythm of the heart beat which is in-
compatible with survival unless the normal rhythm is

restored by means of a defibrillator device. The TASER
current of 0.3 joules (watts/second) is well below

the 10 to 50 joule threshold above which ventricular
fibrillation can occur. This safety margin would be
diminished in a person who has existing cardio-vascular
Gisease. For example, an elderly person with arteriosclerotic
heart disease would be subject to the precipitation

of heart failure under the stress of convulsive seizures
associated with Electric Shock Therapy. The margin

of safety would also be reduced with a prolonged continuation

of TASER current.

Injuries related to the impact of the barbed darts
causing puncture wounds of the external surface of the
body would be relatively minor, except for impact on
the eye. The chance for initiation of events leading
to a total loss of vision in the affected eye would
be extremely high should such contact occur. Electric
energy applied in the vicinity of the eye has also
resulted in delayed cataract formation.

There is no evidence that adverse psychologidal, or
neurological, effects, stemming purely from the electric
current charge of a TASER, would be induced.

Injuries, resulting from falls involving an incapacitated,
inert human body, are speculative depending upon the
activity of the recipient at the time of impact, and

on contact with external hazards, such as the head
striking the sharp corner of a table. The likelihood

of injuries, such as fractures, is increazsed in the

case of the aged or physically hancicapped.

In general, the severity of systenmic eifects from the L} <77
passage of electric current through the nody depends !
on several factors. These are: 1, type of circuit,



2) voltage, 3) value ©f the current, 4) duration of

flow, 5) resistance ©of specific tissue, 6) area of
contzct, and 7) pathways followeé through the body

In addition, people with chronic cardio-vascular disease,
the elderly and children would be increasingly susceptible
to adverse effects. Therefore, this Office agrees

with the conclusions stated by the manufacturer in

his summary of May 10, 1972, page 3, which reads

~-="the conclusions reached as a result of these studies
and special tests is that the TASER is non-lethal at

the design ocutput toc normally healthy people. However,
it must be emphasized that neither this feature nor

the non-injury or no harmful after-effect aspects can
ever be guaranteed. There is no weapon, technique

or procedure for subduing, constraining or dispersing
that does not involve some risk of injury to healthy
persons or of death especially if the individual has

a heart allment. :
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