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STATEMENT OF PURPOSE 

The widespread misinformation and lack of un
derstanding concerning ballistic injury are well 
known to anyone who understands the subject and 
keeps up with the literature. 

The effects of penetrating projectiles on the body 
is of vital concern to trauma surgeons, weapon de
signers and users, and those involved with the 
forensic aspects of ballistic trauma. Yet, we know of 
no organization that deals with the subject exclu
sively and in depth. Papers containing ballistic 
injury data appear in widely scattered sources, since 
many groups include projectile effects peripherally in 
their interests. However, in each source, these com
prise a very small percentage of the total papers -
most containing numerous errors. Wound ballistics 
expertise is sparse, and human inertia being what it 
is, once in print, errors are likely to go uncorrected. 
Even when discredited by letters to the editor, these 
substandard papers remain in the literature to mislead 
the unwary. 

Effects of the persistently poor understanding of 
ballistic injury range from substandard gunshot 
wound treatment to lessened law enforcement effec
tiveness. 

What needs to be done? First, the valid literature 
needs to be identified. This will give the interested 
reader the scientific background material on which to 

build a solid understanding of the subject. Next, an 
ongoing periodic critical review of the wound ballis
tics literature needs to be initiated. Finally, an easily 
accessible source of wound ballistics expertise needs 
to be established. When a need exists with no ready 
and recognized source of expertise, mythology fills 
the gap. 

The International Wound Ballistics Association 
has been founded to fill these needs. The IWBA is 
comprised of members possessing verified expertise 
in one or more aspects of wound ballistics and the 
IWBA publishes a journal, the Wound Ballistics Re

view. By focusing its expertise upon the literature 
relating to wound ballistics, the IWBA hopes to 
stimulate an increased awareness among editors, 
writers, and readers and to help minimize future inac
curacies. Additionally, the International Wound 
Ballistics Association is prepared to offer expertise 
to assist any publication concerned with avoiding 
error and maintaining technical accuracy. 

The IWBA encourages and demands skepticism. 
We are convinced that only by encouraging active 
questioning, reevaluation and verification of views, 
data and cherished beliefs, etc. in the open literature 
can wound ballistics be delivered from the chaos of 
its "dark ages" to assume its full potential as a sci
ence. 

Martin L. Fackler, MD, FACS 
President, IWBA 
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INSTRUCTIONS TO AUTHORS 

The Wound Ballistics Review welcomes manuscripts, articles, short notes and letters to the editor that contribute to the 

science of wound ballistics. Publication preference will lean strongly toward pertinent papers with clear practical applications. 

We invite cogent reviews of articles, books, news items, etc. Our goal is to commend good documentation as well as to point 

out the errors in the wound ballistics literature. The Wound Ballistics Review especially requests our readers' help in 

submitting short reviews which correct errors noted in the literature. 

The review of all manuscripts reporting original work will be open; the names of reviewers will either appear with the 
paper when published or will be made available upon request. 

Articles are accepted only for exclusive publication in IWBA, and when published, the articles and illustrations become 
the property of IWBA. When an article is selected for publication, the author(s) will be required to sign a copyright transmit

tal which also attests to the originality of the material submitted. 

The experiment described in any paper must represent good scientific method. Complete methodology must be pre
sented so that the reader can duplicate the experiment exactly. 

Work must be based on basic solid understanding of projectile-tissue interaction. Results must be reported completely to 

permit meaningful comparison. In experimental animal wounds, for example, a clear and thorough quantitative description of 

the observed damage must be included; i.e., was the bone fractured? Were major vessels disrupted? How big was the en

trance? The exit? What is the appearance of the projectile path (penetration depth, size and morphology of damage to organs, 
etc.)? This information is mandatory to allow meaningful correlation of the wound reported to military as well as civilian 

wounds. 

The entire paper must be expressed in language understandable to the layman. 

SUBMISSION INSTRUCTIONS 

1. If submitting a letter or review which refutes or points out errors in another work, please provide the address of the 

source (please include a copy of the article reviewed--these will be returned if requested); IWBA will notify the editor of the 
source, pending correction, inviting a rebuttal to be published with the review if one is submitted. 

2. In submitting original work, the manuscript and one copy are requested ; one set of glossy illustrations is required. 

Corresponding author must be clearly identified on the title page with address and telephone number. Manuscript must be 

double-spaced with ample margins (at least one inch on all sides) on standard (8 1/2" x 11 ") paper. NOTE: THE PREFERRED 

MANUSCRIPT FORM IS THE 3 1/2" (1.44 Meg or 720K) or 5 1/4" (1.2 Meg or 360K) PC FLOPPY DISK WITH A PAPER 
COPY. All major PC word processors are acceptable but Wordperfect 5.0 or 5.1 is preferred. Macintosh floppies are also 

acceptable with text in ASCII format. 

3. References are to be numbered sequentially within the text and appear in the order cited at the conclusion of the article. 

Examples: Book- Black KE, Jederberg WW. Athymic nude mice and human skin grafting. Maibach HI, Lowe JN, eds. 

Models in Dermatology: vol 1. Basel: S Karger, 1984;226-239. 

Article in periodical - Fackler ML, Surinchak JS, Malinowski JA, et al. Bullet fragmentation: A major cause of 
tissue disrupti()l't. J Trauma 1984;24:263-266. 

4. Legends for all illustrations sht:mld be listed in order, double-spaced. 

5. An abstract of 150 words Q1' less should preceed the text. 

6. The .editol's reserve the right to require a CV from any author who is not a member or technical consultant of the IWBA aftd 

whose previous works are not known to them. 
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Gelatin Problems 

Several users of Kind & Knox Gelatin have reported 
problems with the clarity of formed gelatin blocks. 
Clarity of gelatin can be affected by several factors 
some of which relate to the preparation process (by the 
user) and some to the manufacturing process (by Kind 
& Knox.) Two separate agencies which prepare gelatin 
in a highly controlled and uniform manner reported 
the same "cloudy" gelatin problem. 

We investigated this problem and determined that 
the cloudy gelatin came from only one lot:· #26 which 
has been sold in 1991 .  When we informed Kind & 
Knox of the problem they looked into it and discov
ered that they did indeed have a problem with Lot 26. 
Kind & Knox is eager to rectify this problem by re
placing any Lot 26 gelatin with a newer batch. If you 
have had clarity problems, call Mr. Nick Barber, Sales 
Manager, at 201-871 -5791 .  

We would like to advise all gelatin users to 
quickly inform the manufacturer -- and the IWBA -- of 
any problems with gelatin. Kind & Knox told us that 
ours was the first complaint call they have ever re
ceived on Ordnance Gelatin. The company wants to 
keep gelatin consumers happy with their product but 
we must communicate our needs to them. 

New Phone Number 

Please note that we have a new telephone number: 
5 1 0-273-9596. A "voice mail" computer will continue 
to answer all calls and take messages as the Associa
tion is still not able to have paid staff. If you leave a 
message, please give us a time when you are likely to 
be in. 

Winter/92 

Dues & Subscriptions: 

New Costs 

We have lowered the Associate Membership and insti
tutional subscription price to $40 from $60. If you 
previously paid $60, you will receive six issues of the 
Review (a one and a half year membership/subscrip
tion). 

All members should note that dues are not payable 
until each member receives four issues of the Review. 

Although we have been slow in getting the issues out , 
your "one year" membership will last for four issues -
even if it takes more than one year to produce four is
sues. We will inform you when your dues are payable. 

LaGarde Book Available 

A reprint of Louis A. La Garde's seminal book, 
Gunshot Injuries (2nd Edition) is available to IWBA 
members at a special discounted price. This important 
book contains an introduction by IWBA President 
Martin L. Fackler, MD. which is reprinted in this issue 
of the Journal. The IWBA receives a small royalty 
from each book sold. 

The standard price is $34.95 plus shipping; the 
IWBA member price is: $28.50 (including shipping 

& handling.) 

You may order the book from: 
Lancer Militaria 
PO Box 886 
Mt. Ida, AR 71957 USA 
Tel. 501 -867-2232. Fax: 501-867-343 1 

Be sure to mention that you are an IWBA mem
ber. 
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·TI-lE ·UNITED STATES OF .AMERICA 
TO o\LJ. WIIO !IIIALJ. SllE TIIII:SI'I: l'IIESV.NTS, OR&t:TINO• TillS IS TO VRIITIFV TIL\T TilE I'IIE!IIDKN'l' 

Ol' Tlltl VNITKD STATES OF .utJ>lUG.\ ,o\l'l'IIIINIZilD Ill" AL"I' ()J' llONGilEtif! 110 .JULY 11»2 IINI .\WAJtDI>Il 

THE LEGION OF MERIT 
TO COLOIIKL IIAIITU L. rr.<:KLBR JR., lmliCIIL COla'S 

1'011 FOil DCBrri<IIALJ.J IIUITOIIlWS BBIWlCB 'IIBILB SJ!IWING AS OIRI!C'tOa, IIO!IllD BALLIIITICS LABOIIATDRY; 
LB'I'TI!IIIAII IUIIIY INIITJTUTB OF JIBBJ!I.III:D I'1Kltl 26 OCTDBBI\ 1981 TO ll 11M' 1991, C:OLCIIJII, rACKLSII IS All 
IIITII .. ATlaiiiLLY RIICOOIIIIBD AIJ'IIIOIIlTJ Ql IWIMlliiiEin' or BALLIIITJC lKIIIIIlBS, 818 Raiii!UCll liAS 
liii!TIIJ� r• CIIUDIIICI DOCTJIIIIB 'I'III\DIJGIIOUT TIIJ! IIORLD POR '1'1111 TRBATIIBII? AND -GBIUIN'r Ill' BAI.t.li!TIC 

lK1UlUJIS, mB DlS!'IIICTIVB ACCIJIUILIBII.MBIITS 01" Clll.IID!L PACXI..I!IR CULIUNATJ! A Dlii'I'IIIQUISHBD CAIIUR Ill 

ftl SIII!IICB Dr BIB CCIJiffR'f NID IIIIPLIICT ORBAT CRIIDI'l' 1JPQI BIMSBT.P, '1'11.1! AIIIIY JIIJDICAL llBPAIITIIIIIIT, AND 
'liiB l!lllftD S'ri!.'IZS AllllY • 

GIVEN L'NDEH .UY HAND IN '\'HE OITY Ot'"\VASHINUTON 
TillS l6'lll DI\Y Ot' I!Al' lll!ll 

Marty Retires 
After 3 1  years of service, IWBA President Martin L. 
Fackler has officially retired from the U.S. Army. Al
though he was asked to remain on active duty (beyond 
the mandatory retirement limit of 30 years), Marty 
decided to accept the many challenges offered by 
civilian life --- particularly in private consulting. 

Marty spent 26 years as a physician and surgeon 
and the last ten years as the Director of the U.S. 
Army's Wound Ballistics Laboratory at the Letterman 
Army Institute of Research. He was the only officer in 
the Army performing full-time wound ballistics re
search. 

The U.S. Army recognized his significant contri
butions to science and medicine by awarding him the 
highest non-combat decoration; the Legion of Merit 
(which is the sixth highest of all medals.) 

His citation reads: 
"For exceptionally meritorious service while 

serving as Director, Wound Ballistics Laboratory, 

Letterman Army Institute of Research from 26 Oc

tober 1981 to 31  May 1991. Colonel Fackler is an 
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internationally recognized authority on manage

ment of ballistic injuries. His research was 

instrumental in changing doctrine throughout the 

world for the treatment and management of ballis

tic injuries. The distinctive accomplishments of 

Colonel Fackler culminate a distinguished career 

in the service of his country and reflect great credit 

upon himself, the army medical department, and 

the United States Army." 

The citation was signed by The Surgeon General 
of the U.S. Army, Lieutenant General Frank Ledford. 

The Command at L.A.I.R. awarded him a special 
plaque which reads: 

"Your contributions have changed the course 

of wound treatment and have preserved many lives 

worldwide." 

(I must tell you that I included this information 

over Marty's strong objection. He felt it was "too 

much" but I truly feel -- and I know there are many 

other members who agree -- that recognition of 

Marty's accomplishments is something IWBA mem
bers are interested in learning about. AJ) 

Winter/92 
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Reader's Forum 

To the Editor 

We are all glad that Number 1 Volume 1 is out. It 
vented a lot of spleen which has accumulated over 
several decades of frustrationin doing work which is 
ignored because it is at variance with cherished con
ceptions. Let us hope that the backlog of egregious 
examples is now erased, that evil has been exorcised 
by beating dead horses, and that we can get along with 
contemporary dialogue, for I fear that the torrent of 
invective we have loosed will mark us as bigots, not 
the skeptics we aspire to be and to attract to our group. 

I think that the International Wound Ballistics As
sociation should eschew invective, and stick to 
patient, persistent presentation of data to erode old 
misconceptions. Learning something new is not too 
difficult, but un-learning something is hard. We ARE 
making progress, and things have gotten to the point 
that residents listen when I tell them to treat the 
wound, not the weapon. Let's not jeopardize our ob
jective by infuriating our audience. 

Douglas Lindsey, M.D., DrPH 
Professor of Surgery Emeritus 
University of Arizona Medical School 

EDITOR'S COMMENT 

We encourage discussion on the overall tone. of this 
Journal and on the question of whether we should be 
direct with criti.cism and accept any resultant ill feel
ings or to simply present good science and it a11ow it 
to speak for itself. Or can we combine the two? AJ 

To the Editor 
I recently received and read Volume I- #1,  Winter 

199 1  of the IWBA Wound Ballistics Review. Based on 
the reading I am compelled to send a note containing 

Winter/92 

congratulations and a few comments. 
The central thrust of the criticism appears to be 

that as a result of the somewhat trenchant style of 
prose employed by the authors the IWBA runs the risk 
of alienating a powerful and influential group. ,· 

We must be mindful of the simple fact that if we 
work together as an association whose tenets are integ
rity and candor we may help people survive the 
imperfect world we all inhabit; failing this we may fa
cilitate, through misguided diplomacy and linguistic 
niceties, their deaths. 

Incapacitation is a nice word, it distances one from 
reality. An underlying theme of the IWBA is the utili
zation of lethal force, more specifically, how to 
increase the efficiency of its justified application and 
how to defend against its unjustified or criminal use. 
The historic ignorance of legitimate end-users about 
the field of terminal ballistics is a situation which 
must be corrected. If we achieve no other objective 
than this one we will have performed a valuable ser
vice to the community and almost assuredly saved 
lives which might otherwise be lost. 

Congratulations to the editors and the board, 
please do not become temperate and polite, there is 
quite simply too much at stake. 

Anthony J. Donaldson 
IWBA Technical Consultant 

DON'T FORGEr: 

Your "one year" 
subscription is good for 

four issues of the 
Journal. 

(No matter how long it takes us to get four issues out.) 
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EDITOR'S NOTE 

The following is a response to a Jetter published in the Winter, 1991 edition regarding the ability of a criminal to 
continue to be a threat after being shot several times. 

Bob Carter, Sergeant 
Firearms Operational Survival training Unit 
Victoria Police Academy 
View Mount Road Glen Waverly 
Victoria, Australia 3 150 

Dear Sergeant Carter, 

I read your inquiry in Wound Ballistics Review, Vol. 
1 .  No. 1 ,  Winter 199 1 ,  page 6, and the editorial re
sponse. 

In Miami we had a highly publicized shooting in
volving death and injury of FBI agents who had relied 
on 9mm Silvertip ammunition to stop the criminal 
who, despite a lung wound, proceeded to kill and in
jure the agents. As a result, the FBI changed its 
reliance upon high velocity bullets and opted for 
slower, more massive bullets with greater penetrating 
power. 

Sgt. David Rivers, Homicide Bureau, Metro Dade 
Police Department, 9105 N. W. 25th Street, Miami, 
FL 33 172, has put together an explanatory scenario of 
the event. You might wish to inquire of him the time 
and motion sequence of the event. 

Enclosed are four references which touch upon 
post-fatal injury activity. The key article is by Spitz, 
Petty, and Fisher, J Forens Sci 6:290-300, 196 1 .  
DiMaio (Gunshot Wounds, Elsevier, 1985, pp. 210-

EI)IT.C�R'S GOMMEN.T., 
' ' 

I • 

2 1 1) cites two cases. Levy and Rao (Am J Forens Med 
and Path, 9:215-217, 1988) mention seven cases in
vestigated during 1983 in my office. Copeland, also 
from my office, was concerned with the survival time 
in 363 handgun homicide victims during our banner 
murder year, 198 1 ,  but not with the activity (Am J 
Forens Med and Path, 6: 175- 179, 1985). 

Post fatal injury activity is well known to all of us 
who are active in forensic pathology. I personally have 
interviewed two survivors of suicidal attempts where, 
in the hospital emergency room, I observed pulped 
brain oozing from the gunshot head injury as they 
talked to me. One penetrated the frontal lobes, side to 
side, and the other was a midforehead, "dead center," 
shot with laceration of the medial aspect of each fron
tal lobe. 

Why must cops shoot aggressors? It is to protect 
themselves or others from the aggressor who is not 
stopped by multiplicity of shots but by location of 
damage to that part of the nervous system concerned 
with motor and respiratory control. Massive loss of 
blood still leaves time for continued aggression. 

Sincerely, 

Joseph H. Davis, 
Chief Medical Examiner 
Metro-Dade County, Florida 
Number One on Bob Hope Road 
Miami, Florida 33136- 1 1 33 

It is.rr{�st:�atify1ng forus t�- prin�. tlris lette� {with Dr. Davis'S' kind p-ermission). In sharing hl 
l1.1 "II' · ,• 1 • ' ' I 

experience !:\U.d pro� 
MLF.' viding needed .;referertc.es li>r . . Davis shows, by exmngle, what [he IWBA 1s <\11 abqut. 

' • . �- [ ' I . ' I 
•. 

j 
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To The Editor 

I have read with interest the article [1] in the 
Wound Ballistics Review by Eugene Walberg concern
ing the performance of the Winchester 9mm 147 grain 
subsonic jacketed hollow point bullet in human tissue 
and tissue simulant. I have no quarrel with the 
methodology employed in this study, and I find Mr. 
Walberg's data to be persuasive. I believe, however, 
that the relationship between penetration depth and 
expansion ratio depicted in his graph does not present 
the data in the best possible fashion. The data points 
are connected by solid lines as if they were points in a 
time series, which of course they are not. The graph 
plots 26 data points while the accompanying table 
gives the data for 28 samples, and duplicate values for 
penetration depth are given their own position on the 
abscissa. The peril here is that a casual inspection of 
Mr. Walberg's  graph would suggest a relationship be
tween the two variables which would be given by the 
slope of the line. Mr. Walberg's abscissa, in this in
stance, is non-linear. 

I believe these data would be better expressed as a 
scattergram, with a regression curve (and regression equa
tion) denoting the relationship between these two 
variables. If the data are dealt with in this fashion, the 
graph of expansion ratio versus penetration depth would 
appear as in the graph shown below. The regression equa
tion, by which either variable can be calculated if the 
other is known, is: 

Penetration depth =26.36- 1 1 .38(expansion ratio) 

Pene1 ration 
depih, in. 

18.T----------------------------, 
17 ··· .. � y = 25.36 + -11.3B• r = -0.95 
16 ">·· .. 
15 
14 
13 
12 . 
11 
10 
9 
0.8 0.9 

·-·�·· .... 
···�-.. . � 

... 

-.
.

. 

-.. 
··--�-· . ., 

·-. ·�. 

1.'1 1.2 1.3 1.4 1.5 

Expansion Ratio 
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Mr. Walberg's data shows a high correlation, with 
r = 0.95, between expansion ratio and penetration 
depth. (It is of passing interest to note also that the cor
relation of penetration depth with residual bullet 

. weight is only 0.2 1 ,  and the correlation of expansion 
ratio with residual bullet weight is -0.35). 

An inspection of the distribution of data points on 
the graph as shown here would suggest that the rela
tionship between penetration depth and expansion 
ratio is less explicit at higher values of expansion ra
tio, and for both high and low values of penetration 
depth. 

REFERENCES 

I. Wolberg, E., Pe1j'ormance of the Winchester 9mm 147 Grain Sub

sonic Jacketed Hollow Point Bullet in Human Tissue and Tissue Simulant. 

Wound Ballistics Review. 1991; 1 ( 1): 10- 13. 

John I. Thornton, D.Crim. 
Professor of Forensic Science 
School of Public Health 
University of California 
Berkeley, CA 94 720 

RESPONSE 

Dr. Thornton's uggestion that the graph in Gene 
Wolbm;g's article should not have shown connecting 
Line between tl1e data points and would ba:ve been 
more meaningful with a regression curve .is quite cor
rect. 

G ne did supply the graph as as aLterploL and I 

take responsib-ility for madly "connecting the dots" 
while l.ost withi n the heady subworld of tbo�easy 
spreadsheet graph generation. I also should have 
noted the omis ion of a regres ion curve. We appreci-

ate Dr. Thornton's excellent analysis, AJ 
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To T he Editor 
Your publication is ours tanding but I must com

plain about the membership costs. I need your 
publication because I'm a Paramedic and E.R. Nurse. 
The people who get their names printed in the back of 
the Journal should pay $60 per year. 

The poor working people like me should pay $30/ 
year. Especially for only four issues. 

10 

Most sincerely, 

Vernon L. O 'Farell Jr. 
P.O. Box 743 
Medical Lake, WI 99022 

Send us 

YOUR comments! 

Wound Ballistics Review 
welcomes comments from our 

readers. See page 3 for our 
mailing address and 

FAX number. 

RESPONSE 

Dear Mr. O'FatTell, 

Your complaint about the Associate Membership 

costs is justified. After some thought (and a few other 
complaints) we have lowered it to $.40 per year. Those 
who have ah"eady paid $60 will automatically receive 
six issues. 

It is not likely that we can lower tbe dues any fur
ther as we are a limited circulation publication which 
accepts no advertising. Without pctid advertising we 
most pay all the production printing and maiiing ex
penses from your dues. 

It wmLld be easy to accept ads but we believe it 
wotdd inhibiC our ability to make credible evaluations 
and comment on commercial items. We doi1't want to 
becom{! another: �obHcatio'n,afraid to print.the truth for 
fear of losing a big advertiser. We prefer to be com

pletely independent and most of om members have 
indicated stt'ong supportfor this. policy. I do invite 

comment on this matter. 
By the way those listed in the back are not all 

Philosopher-Princes . You would be surprised at the 

number of "poor working people1' am ng us. AJ 
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Editorial 

The Roots of Bad Data: was authoritative: to many the simple fact that it was 
issued by an agency of the Federal Government was 
sufficient evidence of its credibility Rnd to those who 
actually saw copies of the reports, filled witlnmpres
sive graphs, charts , formulas, tables, Rnd presentation 
of a medically evaluated "computer man" model; these 

The RII Revisited 

Alexander Jason 

One of the primary causes for the 
widespread mis-understanding and 
poor comprehension of wound bal
listics can be traced to: the 
"Relative Incapacitation Index" 
(RII). The RII is the culmination of 
an attempt to precisely determine 
the effectiveness of handgun am
munition to "incapacitate." A 
project started in the early 1970's 
by a federal agency (first the Law 
Enforcement Assistance Adminis
tration and now the National 
Institute of Justice) created the first 
RII and has updated it several 
times since. 

The results were published in 
the form of a list which gave a 
rated value to virtually all commer
cially available hRndgun 
ammunition and was intended as a 
"consumer report" for law enforce
ment to aid in their selection of 
duty ammunition. 

The RII was the first attempt in 
more or less modern times (per
haps since the Thompson-LaGarde 
work in 1904) to scientifically de
termine the terminal effects of 
hRndgun bullets Rnd was widely 
accepted by the law enforcement 
community. In appearRnce, the RII 
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"GIGOMAN" 
A computer representation of a human 

used in the RII project exemplifies 
"Garbage In= Garbage Out" 

elements contributed to the RII' s 
pseudo-scientific appearance. 

Serious flaws in the RII 
project's assumptions and method
ology which completely 
invalidates the project have been 
recognized by mRny in the past ten 
years and have led to a general 
disregard for the RII within law 
enforcement. (Mention of the RII 
among police ballistics and fire
arms training personel usually 
results in openly contempuous 
laughter and derision.) Although 
the RII's creators and the issuing 
agencies have never acknowl
edged even the slightest of errors. 
the RII 's errors go beyond creat
ing mis-information and invalid 
assumptions and conclusions 
within wound ballistics but have 
also directly contributed to the un
necessary deaths of law 
enforcement officers (the 1 986 
FBI/Miami shootout was an ex
ample: Highly RII-rated 
ammunition used against a crimi
nal was ineffective and resulted in 
several deaths.) 

The October, 1975 issue of 
The American Rifleman featured 
an article which was Rn unques
tioning Rnd supportive 
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presentation of the RII. The fallacies of the concepts 
presented prompted a scientist and engineer, Duncan 
MacPherson, to write a critique which he sent for pub
lication. Although The American Rifleman declined to 
publish it (see the letters which follow the reprint), it 
was later published in Guns & Ammo. 

One of our members (Torrey Johnson) sent us a 
copy of MacPherson's article and we found it so well 
done that we hoped to locate the author to learn what 
else he had written. When we located MacPherson, 
(through the efforts of IWBA member Jim Warner), 
we also found an interesting story behind the article's 
publication. We are pleased that Mr. MacPherson has 
become a Full Member of the IWBA. 

We have obtained permission from the author and 
from Petersen Publishing to reprint this article in our 
Journal. Read MacPherson's excellent article and then 
the notes which follow: 

(Reprinted by permission (in a shortened version) 

from the April, 1976 Guns & Ammo.) 

This Ballistic Yardstick May Determine 

Law Enforcement Ordnance Policy For 

Years, But It May Be Wrong 

Relative Incapacitation 

BULListics 

by Duncan MacPherson 

The October 1 975 issue of the AMERICAN RIFLE
MAN contains an article entitled "The Newest Look 
At Handgun Ballistics," by James P. Cowgill. This 
reference article proposes the definition "Instant inca
pacitation is that which will render the assailant 
incapable of posing a continued threat to the safety of 
the officer," and develops a Relative Incapacitation 
Index (RII) to represent the degree to which this objec-

12 

tive is achieved by handgun cartridges.  
It is generally agreed that the capability to inca

pacitate or stop is the most important measure of 
handgun cartridge effectiveness for law enforcement 
(or other self defense) purposes, and it is this effect 
that is discussed herein. It should be noted that there 
are other considerations in the selection of a cartridge 
for defense purposes (e.g., excessive penetration, ease 
of control, suitability of arms which use the cartridge, 
etc.). These matters are beyond the scope of this dis
cussion. 

The reference article describes a computer pro
gram which simulates a physical situation with 
empirical and analytical models, specifically a human 
is represented by a 150,000 segment "computer man" 
and the effects of bullets in tissue is represented by the 
effects of bullets in gelatin blocks. There is a tremen
dous inclination (even among technically trained 
people who should know better) to believe the results 
of any study done using a computer, because "the 
computer doesn't make mistakes." Modem computers 
are in fact very good in this respect, but unfortunately 
the record of the humans who provide the instructions 
to the computer is not nearly so illustrious. The com
puter does not actually perform any function beyond 
the capabilities of a sixth grade student (i.e., it adds, 
subtracts, multiplies and divides) but it does these 
functions extremely rapidly and accurately. In per
forming these calculations the computer follows the 
instructions which have been programmed, whether or 
not these instructions are properly selected to lead to a 
meaningful result. The results <?f any computer pro
gram utilizing models are limited in validity by the 
validity of the models themselves, and this is the usual 
problem in any simulation utilizing models of com
plex phenomena. Baldly put, the reason the Relative 
Incapacitation Index (RII) tabulations disagree with 
observed experimental data (i.e., actual stopping 
power in combat situations) is that the models in the 
computer program do not properly represent what ac
tually happens in the real world. 

It is true that observational evidence of actual in
capacitation or stopping is not unequivocable due to 
the inherently uncontrolled nature of the data; but this 
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does not mean that opinions as to handgun effective
ness are in the "realm of mythology and folklore" as 
stated in the article. The evaluation of handgun stop
ping power is not a new problem; it was a subject of 
official investigation by the U.S. military in 1904. 
From its adoption in 1 873 there had been some dissat
isfaction with the recoil of the 
.45 Colt service revolver, and 

directly related to bullet energy (or to energy loss in 
the target) is apparently a natural one; even General 
Hatcher originally used this approach until discrepan
cies with actual results led him to his well known 
momentum based formulation. The reasons for the 
popularity of this energy assumption are not com-

pletely clear, but may be 
among the following: 

in 1892 the Army adopted the 
.38 Long Colt. During the 
Philippine Insurrection this 
cartridge was found to be defi
cient in stopping power for 
close quarter fighting. Conse
quently Col. John T. 
Thompson, an Ordnance offi
cer, and Col. Louis LaGarde of 
the Medical Corps, were ap-

"There is a tremen

dous inclination to 

believe the results 

of any study done 

a. It has surface plausibility. 
There are m�y (but not as 
many as people think) physical 
situations where energy rather 
than momentum relationships 
apply. 

using a computer." 
b. Most people understand 
energy better than momentum 
(or think they do). 

pointed to make an extensive 
study of the stopping power of handgun cartridges. 

Hatcher leaned heavily on these tests in develop
ing his formulation for stopping power. He expressed 
his analysis of this under five headings; Relative effect 
of bullet velocity, bullet material, bullet shape, bullet 
weight and bullet diameter. He gave it as his opinion 
that all of these had some effect, depending largely on 
the target struck by a bullet. His conclusion is stated in 
Textbook Of Pistols And Revolvers as follows: "All 
tests of which the author has any knowledge, as well 
as nearly all the scattered reports received from vari
ous sources, indicate that caliber is by far the most 
important factor in the stopping power of any bullet 
that has adequate energy to carry it well into a body." 

The Thompson-LaGarde tests upon which Hatcher 
based his RSP formulation have never been experi
mentally repudiated; since these tests included the 
grisly (by current standards) firing at live animals and 
human cadavers more data of this nature is unlikely. 
Actually, the only question not resolved by the 
Thompson-LaGarde tests is the relative effectiveness 
of the modem JHP bullet; but while this is an impor
tant and interesting issue it is peripheral to the central 
problem of evaluating incapacitation or stopping. 

The assumption that handgun stopping power is 

Winter/92 

c. Bullet effects on some 
spectacular targets (e.g., water filled cans, fruit, 
etc.) are very dependent on bullet velocity and are 
therefore more related to energy for any given bul
let weight. 

At any rate it must be borne in mind that the as
sumption that incapacitation or stopping power is 
directly related to energy is just that-an assumption. 

Quoting from the reference article, "When tissue 
is struck by a penetrating projectile, a temporary cav
ity is formed around the path of the bullet which may 
be several times the diameter of the projectile or of the 
permanent cavity or wound channel. This phenom
enon is of extremely short duration, from five to ten 
thousandths of a second, after which the elastic and 
somewhat fluid tissue contracts to the dimensions of 
the permanent cavity or wound channel. The volume 
of the temporary cavity is proportional to the striking 
kinetic energy of the projectile." Accepting this and 
noting that stopping power is not directly related to 
bullet energy merely leads to the conclusion that the 
volume of the temporary cavity is not of primary im
portance in stopping power, and this is not particularly 
difficult to believe. As an alternative the assumption 
that the volume of the permanent cavity is of primary 
importance leads to the conclusion that bullet caliber 
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modified by bullet form is the single most important 
factor in evaluating handgun stopping power, which is 
precisely the conclusion of the Thompson-LaGarde 
tests. If the modem JHP bullet represents an increase 
in effectiveness with respect to the Keith-type bullet 
(if it expands as intended it may well be an improve
ment) the increase in stopping power may be due to 
the enlargement of the permanent (rather than tempo
rary) wound cavity. 

There are other questions or objections which can 
be raised concerning the validity of the reference 
study. Two of these are out-
lined below: 

blocks, even at modest velocities; its performance 
in muscle and bone will be less predictable and less 
desirable. 

2. The computer model includes assigned relative sen
sitivity values to over 150,000 solid segments of a 
simulated human body. It is possible to accept that 
the assigned ratings are correct in a relative sense, 
but a generally valid absolute assignment does not 
appear possible independent of the expertise of the 
assessor. For one thing the values assigned to seg
ments containing the central nervous system must 

be so high with respect to typi
cal tissue that the ratio of 

1 .  It is assumed the response 
of gelatin blocks to bullet 
impact relates directly to the 
effect of bullet impact in 
tissue and bone. The gelatin 
blocks are homogeneous, 
(which permits a consider
able simplification in the 
analysis) but various body 
tissues vary substantially in 
physical characteristics even 
if bones are not encoun-

"The assumption 

that incapacitation 

or stopping power 

is directly related to 

energy is just that

an assumption." 

values cannot possibly be cor
recti y assigned, in part because 
the incapacitation mechanism 
is different. Secondly, it is 
well known that sensitivity to 
shock (from bullet impact or 
otherwise) is strongly depen
dent on the state of mind of 
the subject. Therefore any ab
solute assignment of 
incapacitation sensitivity can-

tered. The quantitative as 
well as qualitative effects of tissue resistance are 
important, particularly for JHP bullets. The follow
ing apparently preposterous examples taken from 
the results tabulated in the reference article illus
trate the point: 

a. A .38 Special 1 10-grain JHP at 956 fps has an RII 
of 14.0, or 26% greater than a .357 Magnum 158-
grain JHP at 982 fps, (RII=l l . 1) .  

b. A .38 Special 1 10-grain JHP at 857 fps has an RII 
of 10.5, or 50% greater than a .38 Special 125-grain 
JHP at 9 1 1  fps, (RII=7.0). Apparently the .38 Spe
cial 1 10-grain JHP expands very well in gelatin 

For su bscri ption i nformatio n ,  
see page 3 .  
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not be universally correct. 
Finally, the assumed principle 

of superposition (or adding of effects), is dubious 
here as it is in many problems. To illustrate vividly, 
destroying two hands of an assailant is more than 
twice as incapacitating as destroying one, and de
stroying two fingers on one hand is less than twice 
as incapacitating as destroying one. In terms of the 
computer man model it is unlikely that doubling 
destruction of segments (in terms of total assigned 
numerical values) is always twice as incapacitating, 
yet this is the assumption. 

As a final point, the defined RII of any load de
pends on the capability of the shooter. Ratings of 
personal skill or of the efficiency of an individual and 
his chosen firearm and load are of interest and are im
portant, but firearms and loads have properties which 
are independent of the effectiveness of their utiliza
tion. These properties include muzzle energy (which is 
easy to evaluate) and stopping power (which is diffi
cult to determine). An untrained shooter may not be 
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able to effectively use the stopping power of his fire
arm and load, but that is another matter. It may take a 
Heifetz to make full use of the quality of a 
Stradivarius,  but a Stradivarius is still a Stradivarius 
even if_h�Ld b.x._ King_Kong. lti§ p_p§sible to define an 
incapacitation index which differs from Relative Stop
ping Power by depending on the capability of the 
shooter but any incapacitation index would be of 
much greater use and interest if it were not tied to the 
shooter' s  capability. This�is particularly true if the 
marksmanship standard is to be so poorly chosen. To 
quote from the reference article the standard was "the 
dispersion fired by relatively untrained shooters with 
the M191 1 CaL .45 service pistol in stress type sce
narios." I believe it is generally agreed that untrained 
shooters should not be encouraged to use handguns for 
personal defense, much less be considered as a perfor
mance standard. Since the article is couched in a law 
enforcement context the implication that a typical law 
enforcement officer is an untrained marksman is 
shocking; if this implication is true it is appalling and 
makes stopping power evaluation in this context moot 
until proper firearms training is incorporated. 

After reading an article in the October, 1975 
American Rifleman titled, "The Newest Look at 
Handgun B allistics" by James P. Cowgill, which was 
an unquestioning, completely supportive review of the 
RII concept; MacPherson, an scientist and engineer, 
recognized the flawed nature of the RII program and 
wrote an article in response which he sent to the Edi
tor of the American Rifleman. His letter read: 
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October 25, 1975 
Mr. Ashley Halsey, Jr. 

Editor, The American Rifleman 

Dear Mr. Halsey: 

I am submitting the enclosed article for your con

sideration; it is a response to an article in your 

October 1975 issue which I could not let go 

unchallenged. My technical qualifications for this re

sponse include engineering degrees from M.l.T. and 

nineteen years of aerospace industry experience on 

trajectory related problems. This data may be con

firmed by consulting "Who's Who In The West. " 

Although I am not a professional writer I recog

nize the style of the article is more technical than 

popular; I hope that does not disqualify it as I think 

that fairness requires that you publish some response 

to Mr. Cowgill 's  article. 

Sincerely, 

Duncan MacPherson 

His answer: 

Dear Mr. MacPherson; 

Our staff has by now fully considered your manu

script on "Stopping Power. " Conclusion: While it 

points out some deficiencies in the Cowgill article , it 

contains it itself certain disputatious or 

uncorroborated statements which would require some 

editing or qualification. Further, it might tend simply 

to extend a controversy without arriving at any final 

definition. Under the circumstances, we feel that we 

must pass up this one . Thank you for writing us. 

Cordially, 

Ashley Halsey, Jr. 

The American Rifleman 

15 



WOUND BALLISTICS REVIEW 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

Political-Legal Factors in Small 

Arms Research and Development 
W. Hays Parks 

The following comments were excerpted from a 

presentation given by COL W. Hays Parks, Chief, 

International Law Branch, Office of the Judge Ad

vocate General of the Army, at the American 

Defense Preparedness Association's Annual Small 

Arms Symposium in October 1990. 

In introducing the small-caliber, high-velocity rifle, 
individuals within industry and the military services 
felt the need to do a bit of "puffing" as to its "stopping 
power" in order to overcome the inevitable skepticism 
that arises with the introduction of a smaller-caliber 
(5.56mm vs. 7.62mm) weapon; the experience was the 
same as a century ago when the caliber of infantry 
weapons was reduced to 30 
caliber. 

den, by the Government ofSweden to weigh the "evi
dence" against the M- 16. Two Swedish officials and 
participants in these meetings subsequently conceded 
that the purpose for these conferences was more politi
cal and commercial than medical or humanitarian, 
although they were conducted under the guise of the 
latter. 

Allegations were made, and repeated frequently, 
without evidence to substantiate them, or scientific 
papers were produced with skewed tests and results to 
support preconceived views. In the various interna
tional conferences held in Geneva in the 1970s, 
outright chicanery was employed. Swedish tests were 
fired into inappropriate substances to emphasize the 
temporary cavity (vis-a-vis permanent wound cavity), 

which has little to do with the 

The introduction of the 
5 .56mm M- 1 6  came in the 
course of a war that was ex
tremely unpopular, however, 
and that would affect the de
gree of protest lodged against 
it . . .  There was a legitimate 
military need for it. The sol
dier could carry more 
ammunition, thus providing 
him with more combat power. 
With less recoil, the M- 1 6  

"The introduction of 

the 5.56mm M- 1 6  

came in the course 

of a war that 

was extremely 

unpopular" 

degree of injury to a soldier. 
Tests allegedly made with the 
M-1 6A 1  were found to have 
been accomplished with AR-
15 ,  with its different slower 
barrel twist and less-stable 
projectile. Swedish video tapes 
of wound ballistics tests of 
5.56mm bullets allegedly us
ing adult pigs were carried out 
with miniature pigs, so as to 
persuade the viewer that 

could be handled more proficiently with less training. 
Other nations recognized that until they fielded a com
petitor, foreign sales of military small arms could be 
lost to the United States and the M- 1 6. And the loss of 
foreign sales would adversely affect their domestic 
economy. 

Special hearings were convened at Goteborg, Swe-
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wounds from the 5 .56mm bul
let were far more severe than those caused by 30 
caliber weapons. 

The M- 1 6  was given its day in court in the 1978-
1980 "Conferences on Prohibitions or Restrictions on 
the Use of Certain Conventional Weapons Which May 
Be Deemed to be Excessively Injurious or to have In
discriminate Effects. " Medical, scientific, and legal 
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Political-Legal I M 1 6  

M16/5.56mm: Small caliber and high velocity. Politically Incorrect? 

experts met in a special small calibers working group. 
The working group recognized that a myriad of factors 
affect wounding, to include bullet weight, bullet mass, 
range, velocity on impact, portion of the body struck, 
portions affected by the permanent wound cavity, en
try angle into the body, distance traveled 
point-forward before yawing, degree of bullet yaw on 
impact, deformation or deflection of the bullet prior to 
the bullet' s  entry into the body, degree of bullet pen
etration, tissue disruption, the physical condition of 
the soldier, number of wounds inflicted, and delay 
prior to the treatment of the wound. 

In the end, suggestions that velocity and/or energy 
transfer are the key to wounds and wounding were re
jected . . .  The M- 16  rifle and the smaller caliber had 
been vindicated. It has been vindicated further by the 
fact that virtually every nation in the world today has 
replaced its 30 caliber rifles with a smaller-caliber, 
higher-velocity weapon. 

But the fear of commercial competition remained 
for some. Continuing to suggest that the U.S.-de
signed M- 193 bullet [M-193 is the designation of the 
original 55 grain bullet used in the M- 16-A 1 ]  caused 
wounds that resulted in "superfluous wounding" in 
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violation of the law of war, Swedish proponents 
forced a test within NATO to develop a "humanitar
ian" bullet. The test led to the adoption by NATO of 
the SS-109 bullet [a longer 62 grain bullet, the U.S. 
designation for a similar bullet is the M-855; it is the 
bullet currently used in the M-16A2 rifle] ,  which pur
portedly was the answer to the concerns of the 
humanitarians. 

But then an interesting thing happened. Tests by 
the principal Swedish proponent of the "humanitarian" 
bullet revealed that the SS- 1 09 bullets being manufac
tured by Sweden for its own war stocks and for 
licensing for manufacture abroad fragmented badly on 
impact with soft tissue leading to far more severe 
wounds than the U.S.-manufactured bullets of the SS-
109 design [the M-855] or the old M-193.  This was 
also true of the 7.62mm bullets of Swedish design. To 
his credit, he reported his conclusions at the 1985 
Goteborg Wound Ballistics Symposium. His discov
ery fell on deaf ears. Having captured a comer of the 
small-caliber ammunition market, official Swedish in
terest in development of a "humanitarian" small 
caliber bullet faded. 
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Failure To Expand : Federal 

7.62 x 39 mm Soft Point Bullets 
Martin L. Fackler and Gary K. Roberts 

A test of a Federal soft point 7.62X 39mm hunting 

bullet revealed a common ammunition 

manufacturer's tactic of marketing a bullet without 

first properly testing for terminal performance. 

Several ammunition manufacturers sell a soft point 
hunting type bullet in the popular Communist Bloc 
7.62 X 39 "AK-47 assault 
rifle" cartridge. We have 
shot several of these in the 
past and they all performed 
as expected: a well-ex
panded bullet resulted, most 
shed no more than 25 per
cent of their weight in 
fragments. 

FEDERAL 
7.62 x 39mm SOVIET 
123 GRIIIII/ SOFT PT. �a. 71l:'Jlla 

grains) into it and measuring its penetration depth. 
The velocity of all shots, including the calibration 

"BB," was measured with a Model 33  Oehler Chrono
graph using light screens spaced 4 feet apart. All of 
the shots were fired from the 1 6  inch barrel of a 
Norinco AK-47 (AKM/47S) semi-automatic rifle of 
Chinese manufacture, fired single-shot. 

... 
' . 

Because of the surpris
ing failure of the Federal 
bullets to expand, we 
pulled an unfired bullet 
from the cartridge case and 
sectioned it. For compari
son, we also sectioned a 30 
caliber Sierra bullet ( 1 50 
grain Pro-Hunter) that we 
had found previously to 
mushroom well at a strik

We recently shot five 
1 23 grain soft point bullets 
in the 7 .62 X 39 (lot # 2A -
8722) made by the Federal 
Cartridge Company 
(Anoka, MN 55303). Four 
of the five did not expand 
or deform at all (except for 

Figure 1 . An unfired bullet is on the upper left. 
Three of the fired bullets whose jackets are deformed 
only by the rifling grooves are shown below the un
fired bullet and one on top right. Display of frag
ments is from only one bullet that came apart. 

ing velocity of 2000 to 
2200 ft/sec, as well as 7 .62 
X 39 (123 - 125 grain) soft 
point bullets manufactured 
by Winchester, Norma, and 

the "wiping" off of the small point of lead exposed at 
the tip); one of them flew apart like a typical "varmit" 
bullet (see Figure 1 .) 

METHODS 

We shot five Federal 123 grain bullets, from a dis
tance of 10  feet, into 10x10x20 inch blocks of 10% 
ordnance gelatin (at 4 degrees C. gelatin temperature). 
Immediately prior to being shot, each block was cali
brated by shooting a standard copper plated steel "BB" 
( 17  caliber copper plated steel sphere weighing 5 .2 
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PMC Companies. 

RESULTS 

The recovered bullets are shown in Figure One. The 
velocities and penetration depths of the BB calibration 
shots in the three blocks of gelatin used in this study 
were: 

595 ft/sec -- 8.4 em (3.3 in) 
589 ft/sec -- 8 .4 em (3 .3 in) 
589 ft/sec -- 7.9 em (3 . 1  in) 
The velocity and penetration depths of the bullets 

were: 
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Federal 7 . 62 x 39 

2160 ft/sec -- 67+ em (26.4 in) 
(out side of block at 67 em) 
2 1 8 1  ft/sec -- 67.5 em (26.6 in) 
(came to rest base forward) 
2 176 ft/sec -- 65 .5 em (25 .8 in) 
(came to rest base forward) 
22 19  ft/sec -- 65 em (25.6 in) 
(came to rest base forward) 
2201 ft/sec -- 34 em ( 1 3 .5  in) 
(marked fragmentation -- largest fragment 

weighed 40 grains) 
The cross sections of the 123 grain Federal bullet 

and the 150  grain Sierra bullet are shown in Figure 
two. The Sierra bullet jacket 
becomes thin over the bullet 's 
ogive and is only about one 
third as thick near the tip as 
near its base. The jacket of 

the Federal bullet, however, 

does not become thinner 

over the ogive; it becomes 

thicker near the point. The 
jackets of the cross sectioned 
123 grain Winchester, 125 
grain Norma, and 125 grain 
PMC bullets also became thin
ner near the tip much like the 
Sierra bullet. 

DISCUSSION 

chester cartridge companies; they all expanded uni
formly and well. A typical expanded bullet was shown 
in Figure two of our paper describing the tests we did 
with the AK-47 rifle used by Patrick Purdey ( 1 ). 

The conspicuous increase in bullet jacket thick
ness near the tip in the Federal bullet (Fig. Two) 
contrasts strikingly with the much thinner jacket of the 
Sierra, PMC, Hansen, Norma, and Winchester bullets. 

The 7.62 X 39 cartridge, somewhat less potent 
than the 30-30 (about 200 ft/sec lower velocity with a 
125 grain bullet), is likely to be used in hunting such 
species as deer and wild pig. For hunting, the full 
metal jacketed military type bullet is prohibited be-

cause it lacks sufficient 
wounding potential. Ironically, 
these Federal soft point bullets 
would be perfectly legal for 
hunting despite the fact that 
they perform identically to the 
prohibited full metal jacketed 
bullets. 

We can only guess at why 
the Federal Cartridge Com
pany made and marketed these 
expanding bullets that don't 
expand. As for the one that 
came apart, possibly its jacket 
was thinner. Since the pieces 
that were recovered had been 
greatly stretched as the bullet 
came apart, their current thick
ness does not reveal their 
thickness before being shot: so 
we will never know. 

The failure of these Federal 
soft point bullets to expand 
was indeed a surprise. In fact, 
these are the first commer
cially loaded centerfire rifle 
bullets of soft point or hollow 
point type that have ever failed 
to expand, when shot into our 
10% ordnance gelatin, in 
nearly ten years of bullet test-

Figure two -- A cross section of an un-fired 
Federal 123 grain soft point bullet is shown on 
the right. The cross section of a Sierra 150 
grain bullet is shown on the left. Note the con
spicuous difference in bullet jacket thickness 
near the point; the Federal bullet's jacket is 
much thicker. 

The 1 987 Federal Car
tridge Company Law 
Enforcement Ammunition ad
vertising brochure featured a 
photograph of block of clay 
into which a bullet had been 
shot, along with photographs 
of many expanded bullets from ing at the Wound Ballistics 

Laboratory at the Letterman Army Institute of Re
search. Previously, we had shot 7.63 X 39 soft point 
bullets made by the PMC, Hansen, Norma, and Win-
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shots into clay. Clay is nearly twice as dense as animal 
tissue and much harder than any animal tissue except 
bone; bullets fired into it deform and expand much 

19 



WOUND BALLISTICS REVIEW 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

more than in they do in animal tissue or a valid tissue 
simulant such as ordnance gelatin (2) . 

The first author of this paper publicly exposed the 
deceptive use of clay as a tissue simulant at the annual 
training seminar of the Association of Firearm and 
Toolmark Examiners in Seattle (June 1987). These 
Federal ammunition brochures had been distributed 
and a Federal Cartridge Company representative was 
present. How using clay to test bullets misleads the 
consumer was also exposed in print in 1988 (2). Based 
on previous testing (2) we predict that these Federal 
7 .62 X 39 bullets that did not expand in ordnance 
gelatin would expand well in clay. We hope that the 
Federal Cartridge Company is not still using clay as a 
bullet test medium. 
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CONCLUSIONS 

It appears clear that the jackets of at least four of the 
five Federal soft point bullets we tested were inappro
priately thick and that this prevented bullet expansion. 
We cannot say if all lots of this ammunition have the 
same problem but we think it would be imprudent to 
use any of them for hunting without first testing them 
in a valid tissue simulant. 
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Performance of the New Winchester 

.45 ACP 230 Grain Jacketed Hollow 

Point Bullet: A Preliminary Report 
Gary K. Roberts 

A new bullet design was tested in a calibrated tis

sue simulant. Excellent performance was noted -

although from a small sample. 

In 1986, two FBI agents lost their lives and five others 
were wounded because of inadequate bullet perfor
mance. Law enforcement and military personnel as 
well as private citizens who de-
pend on firearms to protect 
themselves need accurate, scien-
tifically validated information in 
order to make an informed ammu
nition selection. As the FBI 
incident aptly illustrates, lives are 
jeopardized by misconceptions 
and false information regarding 
bullet performance. This study 
analyzes the terminal effects of the 
new Winchester .45 ACP 230 
grain jacketed hollow point bullet 
(Winchester Product # RA 

Five shots were fired from a Colt Government 
pistol with a 5 "  barrel and one shot was made from 
both a Sig-Sauer P220 with a 4.25 " barrel and frorri a 
Colt Lightweight Officers Model with a 3 .5"  barrel. 
The velocity of each shot was calculated using an 
Oehler Model 33 chronograph and two Skyscreen II 
counters placed 4 feet apart, midway between the 

muzzle and the gelatin block. 
Measurements of the penetration 
depth and temporary cavity size 
in gelatin were made as described 
by Fackler and Malinowski. 1 The 
largest and smallest recovered 
diameter for each bullet and the 
recovered length of the bullets 
were measured using calipers and 
the two largest diameters were 
averaged. 

RESULTS 

45230HP). 
The new 230 gr .45 ACP JHP bullet 
shows good deformation and expansion. 

Gelatin calibration with a . 177 
caliber BB yielded 8.0 em of pen
etration at a velocity of 579 f/s. 

MATERIALS AND METHODS 

Seven shots using Winchester .45 ACP 230 gr JHP 
(Pre-production lot) were fired from a range of 10  feet 
into a 1 0" x 10" x 20" block of 10% ordnance gelatin 
at 4 degrees C. To calibrate the gelatin, a Daisy 
"Powermaster" air rifle fired a standard . 177 inch BB 
into the block, recording both velocity and penetra
tion. At a velocity of 590 f/s +/- 15 f/s, an ideal range 
of penetration is defined as 8 .6 em +/- 1 .0 em of pen
etration, although up to +/- 1 .5  em is acceptable. 
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Table 1 shows the velocity, pen
etration depth, recovered diameter, and recovered 
length of the bullets. All bullets formed a temporary 
cavity approximately 10 em in diameter at a depth of 
approximately 4 to 10 em. All of the bullets exhibited 
consistent deformation without fragmentation or 
weight loss. In all of the bullets, the copper jacket 
peeled back in 8 segments, leaving the sharp jacket 
edges uncovered by lead and exposed to tissue. Fig
ure 1 shows the five bullets fired by the 5" barreled 
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WIN . .45 A C P  230 Gr .J H P'S RECO V E RED FROM G ELATIN 

PISTOL VELOCITY PENETRATION DIAMETER LENGTH 

(model) (feet/sec) em 

Colt Gov. 848 38 .40 

Colt Gov. 839 39.00 

Colt Gov. 8 1 4  39.50 

Colt Gov. 836 38 .90 

Colt Gov. 836 40.00 

Sig P220 805 40.60 

Colt Officer 805 39.60 

STD DEV 17 .70 0.74 

AVERAGE 826.14 39.43 

Colt Government pistol. The bullets fired by the other 
pistols are identical in appearance. 

DISCUSSION 

Properly prepared 10% ordnance gelatin is a tissue 
simulant that approximates the disruption that occurs 
in living elastic animal tissue, such as muscle.2•3 Ord
nance gelatin MUST be calibrated in order to 
adequately interpret and verify test results. Bullet pen
etration and expansion 
characteristics for shots to 
the human torso can be 
predicted based on shots 
in properly prepared 10% 
ordnance gelatin since 
bullet performance in 
properly prepared 10% 
ordnance gelatin has been 
shown to closely correlate 
with bullet performance 
in shots to the living hu-
man torso.4 

Vital anatomic structures are located deep within 
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inches average-inches inches 

15 . 10  0.66 0.5 

1 5 .40 0.645 0.5 1 

15 .60 0.658 0.5 

15 .30 0.65 0.5 1 

1 5 .70 0.635 0.5 1  

1 6.00 0.64 0.5 1 

1 5 .60 0.64 0.52 

0.29 0.01 0.01 

1 5 .53 0.65 0.5 1  

the body, protected by various layers of tissue. The 
average thickness of an adult human torso is 9.4" (24 

em). The major blood vessels in the torso of even a 
slender adult are located approximately 6" ( 1 5  em) 

from the ventral skin surface.5 Thick clothing, body 
angulation, and intervening anatomic structures, such 

as excess adipose tissue, hypertrophied muscle, or 
even an arm, hand, or shoulder, can increase the dis

tance a bullet must penetrate to reach the vital organs 
and blood vessels of the torso. From oblique and 

transverse angles, the heart 
and major blood vessels of 

the torso can be over 7 .9" 
(20 cm)6 deep. Bullets 

must be able to penetrate 
deeply in order to disrupt 

the major organs and 
blood vessels in the torso 

and cause the massive 
hemorrhage which results 
in rapid incapacitation in 

the absence of central 
nervous system trauma. 

The critical factor in assessing the wounding ef-
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fectiveness of handgun bullets, from the perspective of 
military and law enforcement personnel, as well as ci
vilians who depend on firearms to protect themselves, 
is the ability of the bullet to reli-

promote faster physiological incapacitation from rapid 
blood loss. This is the ONLY mechanism for reliably 
physiologically incapacitating an aggressor, other than 

trauma to the central nervous sys
tem (i.e. brain and upper spinal 
column), when using handgun bul
lets.9 

CONCLUSION 

ably penetrate approximately 12  
inches (30.5 em) of  soft tissue, the 
minimum depth necessary to en
sure disruption of the major organs 
and blood vessels in the torso from 
any angle.7 Of the bullets which 
attain this goal of deep penetration, 
those with a larger diameter crush 
more tissue. Handgun bullets gen
erally only disrupt tissue by 
directly contacting and crushing it. 
Unlike rifle bullets, the temporary 
cavitation from handgun bullets 
does not reliably damage tissue and 
is not usually a significant mecha
nism of wounding. 8 

The fired 230 gr .45 ACP JHP bullet 
seen from above. Note the sharp 

points from the copper jacket. 

The Winchester .45 ACP 230 gr 
JHP reliably penetrates to an ideal 
depth and offers consistent defor
mation when shot in 1 0% ordnance 
gelatin. It is expected to be a 
highly effective bullet for military, 
law enforcement, and civilian self
defense use. 

Due to its larger diameter, the .45 ACP has more 
potential for tissue disruption than smaller calibers. 
Greater tissue disruption can increase hemorrhage and 
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Pop Goes The " Exploder" 

Leon Day 

A test of an exploding bullet shows very poor per

formance. 

This guy had a table at the Houston Gun Show and 
was displaying exploding bullets . He delivered this 
lecture: 

With exploding bullets, there is no need to carry 

bulky and ponderous handguns for self-defense or po

lice work. A .25 or .22 will do fine, 

for when the discriminating impact 

fuse detonates our high-explosive 

charge an inch or so into the 

target's body, the projectile shatters 

into hundreds of tiny pieces, which 

instantly transfer to the target not 

only their impact energy, but the en

ergy given to them by the explosion 

at a velocity of 5,000 meters per sec

ond. The stopping power problem is 

solved. If the officer missed, the slug 

cannot endanger bystanders , for as 

soon as it hits something hard it will 

burst , and in the air the tiny flakes 

but there was only a small pistol primer and a tiny 
pinch of Bullseye. The charge was less than 1/10 of a 
grain. The remaining slug, with primer, weighed 98.6 
grains -- some of the core had been removed to make 
room for the "discriminating impact fuse." 

I pulled another bullet and placed it nose down in 
a heavy steel saucepan (balancing on the flat surface 
of the primer in its tip). After covering the slug with a 
light aluminum can (the kind Vienna sausage comes 

in), I put on the lid, weighted it with a 
couple of pounds of lead, and turned 
on the burner. A mild bang about a 
minute later notified me that the ex
periment was complete. The soft nose 
of the bullet (the only part not sup
ported by the jacket) had burst into 
about ten flakes of lead. These had 
dented, but not penetrated, the flimsy 
can. 

of lead are dangerous for only a few · 

inches. 

Curious, I bought 12  "Exploder" 
loads at another table. The dozen 

Fragments from " Exploder" bulJet 
failed to penetrate even light alumi
num. Note the dimples. 

Remember that a BB gun will 
make holes in this can at 1 5  feet! So 
much for the 5,000 meters per second 
velocity claimed for the "Exploder" 
fragments. From the edge of the 
jacket down, the bullet was undam
aged. There was a neat hemispherical 
crater in the core, but it still weighed 

cost $8.50, and although the salesman said they could 
be safely dropped (it took a velocity of 400 ft/sec just 
to set off the fuse) they were packed in a foam rubber 
block. Set into the nose was something that looked 
like a small pistol primer, sealed with yellow paint. 
Otherwise, the rounds were identical to the 1 10 grain 
.38 Special Super-Vel, right down to the headstamp. 

At home, I sectioned a pulled bullet with a razor 
saw -- very carefully. According to the salesman, its 
explosive value was that of a Number 6 blasting cap: 
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89.5 grains. 
Now skeptical of every advertising claim made for 

this ammo, I went off to the range burdened with two 
25 pound blocks of pottery clay. I shot one block with 
a 1 10 grain .38 Special Super-Vel from my Charter 
Arms Target Bulldog, and the other with a .38 Special 
"Exploder." Except for the slightly larger entrance 
hole made by the "Exploder",  the cavities were identi
cal . At first, I did not believe that the "Exploder" had 
exploded, but when I found the blown primer in the 
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wall of the cavity, it was undeniable that it had worked 
as designed. The elaborate construction adds nothing at 
all to the temporary cavity formation. 

Perhaps other calibers of "Exploder" bullets offer 
some advantage. Maybe the Velet people ("Exploder's" 
competition) market worthwhile ammunition. I only 
tested one brand. But don't  take any manufacturer's 
claim: let the buyer beware, and test it for yourself. My 
suspicion is that the whole group of explosive bullets 
are more dangerous to your wallet than to your target. 

The cavity in clay shown at the top of the 
photograph was made by the " Exploder" 
and the lower one by a .38 cal 110 grain 
hollow-point. Very similar cavitation 
results. (Clay is only used here as a me
dium for relative comparison, not as a 
tissue simulant.) 
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EDITOR'S COMMENT 

Tbese experimental results are jn accord with al l  the 
sbots done with exploding handgun ,bullets of which 
we are aware: 

1 .  At the Wound Ball istics Laboratory of the 
Letterman Army Institute of Research we fired severa l 
"exploding'' bullets jn .,mious calibers. They produced 
about the same ize temporary cavities as similar hol
low point bullets. The pnly difference was that the 
cracks left in the ' 'Exploder" gelatin by the cavitation 
were blackened as if by soot. 

2. In 198 1 ,  Tate., DiMaio, and DaV,.is (the second 
and third authors are IWBA members) publ:i.shed a re
P9rt of si}t _human f�talities from

, 
"Eiploder" bullets 

(Rebirth of Exploding Ammunition -- A Report ·of Six 
Human J?atalities, { Fmens Sci:'26(4):636-64( 19� 1 )  
which confir!Us, in the human body, the - expectations 
pro�ided by. the tissue· �imulant and other te.sts . They 
:wrote : ,.,1 n: all si� ca�es . the intertu;tl injurles .did nqt 
qppem· to b,e any: tn.ore s__event than thos� res�tltir;.g 
fr@m ·1'1.on�expl()(li;z8 .. anirhunition of si'milar mass and 
velocity-!." This _pape:�; ilicludes an interesting· historical 
review of exp1odi�g ,bullets. 

3. _10s�selson. et ·aL reporfed (J Parens Sci 30:790-
772, 19_85) gelatin tests <lf the "Devastator" type .22 
calibenimfire bullets used l:lY John Hinckley in his 
attempt to kill President Ronald Reagan. They- re
ported less thah- two. i nch<::s of peHetn.).tion when t.Qe 
lead' azide explqded and over tlU"ee times that penetra
tion when it did not. Their conclusi9n that these 
bu llets were more dangerous when they explOded was 
contested OY yolll' Edi.tor in a letter (Fac)der ML. J 
Fore.qs S_ci 3 � :801-802! 1£186) in )'Vhich I suggested 
that the very l imited penetratiBn depth wouLd limit 
"incapacitation ' in most parts of the human body. 

-MLF 
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LaGarde's Gunshot Injuries : 
An Introduction 
Martin L. Fackler 

The following is an introduction which appears in 

a recent reprinting of the classic text, Gunshot In

juries by Louis LaGarde. 

Re-publication of LaGarde's Gunshot Injuries could 
not have come at better time. Drug-related crime has 
forced gunshot injuries increasingly into our daily 
awareness, while small arms and their effects have 
never been less well understood. 1-4 

Louis LaGarde was a career Army medical officer. 
His landmark wound ballistics research spanned sev
eral decades; during the Spanish-American war, he 
treated war wounds and correlated them with his re
search observations. He taught wound ballistics at 
both the Army and civilian medical schools. He knew 
the human body; he knew small arms; his classic 
book, Gunshot Injuries, is as useful today as when it 
was written. 

THE GOLDEN AGE OF WOUND BALLISTICS 

From today's perspective, LaGarde's grasp of small 
arms technology and his scholarly attention to detail 
seems spectacular, although, in his era, getting details 
right was apparently the norm. LaGarde had available 
to him many excellent books on gunshot wounds -- all 
written by medical doctors: 

DeLorme Chirurgie de Guerre (Volume I - 1 888, 
volume II - 1 893) 

Kocher Uber Schusswunden ( 1880) and Zur Lehre 
von den Schusswunden durch Klein-kalibergeschosse 
( 1 895) 
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Bircher Wirkung der Handfeuerwaffen ( 1 896) 
andWirkung der Artilleriegeschosse ( 1 898) 

Stevenson Wounds irt War ( 1 897) 
Longmore Gunshot Injuries ( 1 895) 
Makins Surgical Experiences in South Africa 

( 1902) 
The papers of almost everyone writing on the sub

ject at that time (MacCormack, Treves, Senn, Parkes, 
Kuttner, Goddard, Borden, Abbott, etc.) got the details 
of small arms technology and wounding mechanisms 
right. LaGarde's insightful comparisons with these 
works and others makes his book the most compre
hensive of the group. 

HIGHER VELOCITY PRODUCES 

MILDER WOUNDS 

Some might ask how a book published in 1 9 1 6  could 
be valid today. Haven't bullets changed a great deal 
since then? No, in fact, they have not. LaGarde wrote 
Gunshot Injuries because of a technologic innovation -
- the full metal jacketed rifle bullet. Previous books 
had already described well the wounding effects of the 
earlier large caliber lead bullets. The hard bearing sur
face of the jacketed bullet made possible the largest 
velocity increase in history. These new bullets were 
propelled 80 to 100 percent faster than their predeces
sors. LaGarde's extensive research showed that the 
much faster smaller diameter bullets produced strik

ingly less severe wounds than the earlier large caliber 
lead bullets (which generally deformed when they hit 
the body). There was, in fact, much discussion in the 
ordnance community on whether these new bullets 
would produce adequate "stopping power" to be suit
able as a military rifle. 
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BULLET VELOCITY HAS CHANGED LITTLE 

IN THE PAST CENTURY 

The second edition of LaGarde 's book, published in 
1 9 1 6, was chosen for this reprint because it added a 
large amount of new material, including the reports on 
wounding from the early part of World War One. Prior 
to World War One, military rifle bullets had been 
lightened, been made pointed, and had their velocity 
increased from about 2500 ft/sec (highest for the first 
generation round nosed jacketed bullets) to over 2800 
ft/sec. 

Before the turn of the cen-

around their center of mass) and further asserts 
"These phenomena increase the profile or projected 
transverse area of the missile as it strikes the target." 
(8). In my shooting of hundreds of 3000+ ft/sec bul

lets the bullet eQtrance holes were always round. 

Another tells us " . . .  a sawed-off shotgun may 
cause minimal injury at a range of 1 2  feet," (this is ab
surd) and that "A fully nonjacketed bullet fired at high 
velocity may mushroom so much that it does not even 
penetrate the skin," (9). The many jacketed and 

unjacketed bullets I have fired from both rifles and 

handguns over a wide veloc

ity range showed no evidence tury, several European armies 
had adopted bullets of higher 
velocity than that of the bullet 
fired from the world's current 
most widely used military rifle 
-- the Communist Bloc AK-
47. Bullets from the most 
modern 22 caliber military 
small arms (U.S. M- 1 6A2 and 
Soviet AK-74) travel only 
about 7 percent faster than the 
German 150 grain bullet used 
in World War One. Neither 
bullet shape (they're still 
pointed), bullet type (all still 
full metal jacketed), nor bullet 
velocity has changed signifi
cantly since before World War 

"Some might ask 

how a book pub

lished in 1916 could 

be valid today. 

Haven't bullets 

changed a great 

of mushrooming in the air -

the entrance holes they made 

were consistent with the bul

lets' caliber. 

These are not isolated er
rors -- in both books there are 
scores of others. Recent sur
gery textbooks also participate 
in this "comedy of errors" (10-
1 3). 

deal since then ? 

No, in fact, they 

have not. " 

HARMFUL RESULTS OF 

CURRENT FIREARM 

ILLITERACY 

One. 

THE DARK AGES OF WOUND BALLISTICS 

In sharp contrast to LaGarde's  era, most current books 
and papers on gunshot wounds are a comedy of errors 
(5-13). A century ago there appears to have been a 
more pervasive scholarly attitude, i.e. writers limited 
their works to subjects they understood. The extent of 
today's "firearm illiteracy" is difficult to believe. 

One book tells us that "When bullet velocities ap
proach or exceed 3000 ft/sec, . . .  the bullets tend to 
become unstable in flight and may 'yaw' or 
'tumble, ' . . .  " It shows a diagram of a bullet yawing 
around its tip (this is impossible -- projectiles rotate 
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1 .  Treatment of gunshot 
wounds is likely to be irratio
nal and might well result in 

unnecessary disability or even death when current rec
ommendations are followed ( 10- 1 3). These au�ors 
recommended basing treatment on the supposed veloc
ity of the projectile; in sum, the higher the surgeon 
thinks the velocity was, the more tissue he is supposed 
to cut out! This is palpable nonsense. Consider three 
wounds, all produced with the muzzle of the weapon 
about ten feet from the victim: one from a 22 Long 
Rifle bullet, one from a .44 Magnum bullet, and one 
from a 12 gauge shotgun (loaded with any size buck
shot). The .44 Magnum bullet is likely to disrupt a lot 
more tissue than the 22 Long Rifle, and the shotgun 
likely to disrupt a lot more than the .44 Magnum, yet 
the projectile velocities are nearly identical in all three 
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cases. Projectile mass and projectile type are of over
whelming importance -- they cannot be ignored. In 
reality, the treating physician does not need to know 
anything at all about the projectile -- he needs only to 
examine the patient and the wound (and x-rays of the 
wounded part) and treat the wound guided by common 
sense and the objective data from his evaluation. The 
new ( 1988) edition of Emergency War Surgery -

NATO Handbook emphasizes "Treat the wound, not 
· the weapon." ( 14). 

2.  Law enforcement officers continue to lose their 
lives, unnecessarily, because government bureaucra
cies ignore the basic tenets of scientific method and do 
not respond to well-founded 
criticism. Shortly after the Na-

penetration potential (the common denominator of 
"high RII" bullets) needed to reach a felon's heart; he 
went on shooting and killing after being hit. The FBI 
"Wound Ballistics Workshop" of September 1987 ex
posed these failings and the RII just "faded away." 

The originators of the RII, in fact, are now trying 
to impose an irrational standard upon the law enforce
ment community -- this time in the form of soft body 
armor heavier and stiffer than it needs to be. Forty per
cent (27 per year)·of the police officers killed by 
gunfire died because they were not wearing this un
necessarily cumbersome body armor when shot. At a 
soft body armor symposium on 7 June 1990, in 

Reston, Virginia, myself and 
the two experts that the NIJ 

tional Institute of Justice (NIJ), 
using theories developed at the 
Ballistics Research Laboratory 
at Aberdeen Proving Grounds, 
devised their Relative Inca
pacitation Index (RII), a paper 
by an experienced ordnance 
engineer (with an undergradu
ate and advanced degree from 
Massachusetts Institute of 
Technology) was published 
( 15). This paper convinc

ingly demolished the 

concepts upon which the RII 

was based ("kinetic energy 

deposit," the "computer 

man," etc.). 

"In reality, the treat

ing physician does 

not need to know 

anything at all 

about the projec

tile-he needs only 

to examine the pa

tient and the 

wound. " 

had brought (to oppose my 
criticisms) were unanimous in 
stating that the NIJ body armor 
"standard" testing was un-re
producible and lacked 
scientific merit (17). Our state
ment was ignored. 

Meanwhile, it appears that 
the Ballistics Research Labora
tory of Aberdeen Proving 
Grounds and the small arms 
development group at 
Picatinny Arsenal might still 
be using the disproved "kinetic 
energy deposit" concept in 
wasting millions of taxpayer 

Unfortunately, this criti-
cism and others ( 1 6) went un-addressed and the RII 
data was widely distributed (at U.S. taxpayer expense) 
to affect, adversely, bullet choice decisions made by 
law enforcement agencies. The NIJ ignored "high RII" 
bullet failures until the high visibility FBI Miami 
Shootout of 1 1  April 1986 (ten years after 
MacPherson's paper ! ,  1 5). In this shooting, inadequate 
performance of a bullet rated high on the RII list failed 
to prevent the killing of two FBI agents and the 
wounding of five. A perfectly aimed bullet lacked the 
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dollars in trying to develop 
flechette firing combat rifles 

( 1 8). These groups would do well to read, in Gunshot 

Injuries, the account of the Thompson-LaGarde Board 
constituted by the War Department in 1904, and note 
especially the conclusion, on page 74, in which 
LaGarde noted "This failure . . .  of small caliber set at 
rest at once the claims of the makers to the effect that 
the superior energy and velocity of their weapons was 
a controlling factor in stopping power." 

3. Distortion of justice in our courts of law in 
cases involving firearms is common. While consulting 
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on gunshot wound cases, I have read numerous depo
sitions by purported "experts." Many lacked 
understanding of even the simplest fundamental con
cepts concerning gunshot wounds. 

4. Presentations relating to firearms and their ef
fects in both the news and entertainment media consist 
largely of blatant error (bullets do not knock people 
backwards, for example). The misinfatmation that 
flooded the news media in the 
aftermath of Purdy's shooting 
in Stockton, CA, on 17  Janu-

sue struck. Those who wrote on the subject in 
LaGarde's day grasped these principles well. 

WHAT HAPPENED? 

Ironic as it might seem, the technologic innovation of 
high-speed imaging, appears to be largely responsible 
for the decline of wound ballistics. The high-speed 
camera shifted emphasis in wound ballistics from sci-

entific method to spectacular 

ary 1989, caused a hysterical 
reaction in a "firearm illiter
ate" public and legislators with 
counterproductive results ( 19). 

5 .  Users of small arms 
(military, law enforcement, 
and civilian), are constantly 
liable to bullet performance 
failures because they accept 
unproved advertising claims as 
fact. 

WHY THE DECLINE IN 

WOUND BALLISTICS 

COMPETENCE? 

"Ironic as it might 

seem, the techno

logic innovation of 

high speed imaging 

appears to be 

largely responsible 

for the decline of 

wound ballistics. " 

cinematography. This so dis
torted and exaggerated the 
temporary cavity that, to some, 
it came to represent the en
tirety of the projectile-tissue 
interaction (3). 

One striking element com
mon to LaGarde's work and 
that of Theodor Kocher (20) 
was a close collaboration with 
their respective Army Ord
nance Departments. The 
scientific facts regarding 
wounding that are used by the 
Medical Corps to assure ap-

Today's chaotic comprehension of wound ballistics is 
ironic since the way bullets disrupt tissue is easy to 
understand: bullets CRUSH the tissue they strike and 
STRETCH the tissue around the projectile path; this 
STRETCH, entirely analogous to a splash in water, is 
commonly called the temporary cavity (3). A light 
bullet at high velocity might have the same calculated 
numerical tissue disruption potential as a heavier one 
moving more slowly; however, the higher the velocity 
the more the potential is realized as temporary cavita
tion. The larger slower bullet uses its potential more in 
crushing tissue (larger bullets make larger holes -

much of wound ballistics is simply the application of 
common sense) . The CRUSH is reliable in all types of 
tissue, the temporary cavity STRETCH is variable and 
erratic -- highly dependent on the elasticity of the tis-
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propriate treatment of 
projectile wounds are also 

used by the Ordnance Engineers to develop weapons 
adequate to protect our soldiers . If either group errs 
and distorts this body of information, it can adversely 
affect the other. For this reason, close cooperation is 
mandatory. It takes little insight to recognize the enor
mous potential for error engendered by Ordnance 
Engineers who make determinations on "incapacita
tion" of the human body while isolating themselves 
from medical expertise. This, however, is what appar
ently has happened; and it seems to have been largely 
responsible for the decline in wound ballistics compe
tence. Government ordnance engineers assumed that 
expensive high-speed cameras, high-speed x-rays, and 
computers provided information they could substitute 
for medical expertise. Only one very poorly informed 
about the complexities of the human body, both physi-
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ologically and psychologically, could make such a 
mistake. 

WHAT IS NEEDED TO CURE THE PROBLEM 

The cure is simple. Just insist upon rigorous adherence 
to basic fundamental scientific method (2,3). But, like 
the witch doctors of old, many powerful special inter
est groups are happy with the status quo. They 
strongly oppose any encroachment upon their turf by 
scientific methodology, since that includes reproduc
ible test methods which would expose them. So long 
as consumer "firearm illiteracy" continues, "anything 
they can get away with" will remain the guiding prin
ciple of many bullet and weapon manufacturers. Since 
these manufacturers spend a lot of money on advertis
ing, most gun magazine editors will not publish test 
results that criticize products of their advertisers (how 
many bullet tests do you see in the popular gun press 
in which a writer criticizes a bullet?). 

The news media is addicted to exaggeration; it 
makes things more sensational ( 1 9). Scientific test re
sults and other valid data is unpopular; it limits their 
exaggerations. Medical journal editors are not much 
better; they publish just about any paper submitted on 
gunshot wounds (unable to recognize its deficiencies) 
and then refuse to publish letters which expose their 
error. Scientific scrutiny is apparently the last thing 
they want. 

When scientific method is ignored, the unscrupu
lous manufacturer has many ways to falsely 
exaggerate his bullet's effects. For example: Gelatin is 
a widely used tissue simulant; however, if too much 
heat is used in its preparation, it becomes weak and 
excessively flexible (21) .  If a manufacturer wished to 
falsely exaggerate the effects of a bullet, he might 
make a block of gelatin that was intentionally heated 
too much in its preparation and take high-speed mov
ies of his bullet traversing it. The temporary cavity 

in this weak gelatin might be twice the diameter of 

that in properly made gelatin. He would then com
pare this exaggerated cavity with one produced by a 
shot into properly made gelatin. Scientific method, 
however, must be reproducible; it requires a calibra
tion shot (we use a BB shot at 600 ft/sec) into every 
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block of gelatin to validate it immediately prior to use. 
The calibration BB would penetrate up to twice as far 
in the weakened gelatin and expose the fraud. 

Only when a concerned and informed public be
gins looking at advertising claims skeptically and 
demanding scientifically valid proof will wound bal
listics leave its "dark ages" and emerge as a science 
(22). 

A RENAISSANCE HAS BEGUN 

The ready availability of LaGarde 's  Gunshot Injuries 

as an example and a guide is bound to help elevate 
wound ballistics from its present level of incompe
tence. The Wound Ballistics Laboratory of the 
Letterman Army Institute of Research (Presidio of San 
Francisco) worked on the problem for ten years ( 198 1 -
1 991)  and this work is now being continued and 
expanded by the newly formed International Wound 
Ballistics Association (2830 D Pinole Valley Road 
#1 12, Pinole, CA 94564) and its quarterly journal the 
Wound Ballistics Review. This group can provide a 
source of reliable expertise on wound ballistics to 
book and journal editors, the responsible news media, 
law enforcement groups and others with a need for 
this information. 

HERE IS A LIST OF THOSE WHO NEED A 

COPY OF LAGARDE'S GUNSHOT INJURIES -

AND WHY; 

Every medical care provider who cares for those 

hit by gunfire. The many case reports, complete with 
x-rays and photographs of recovered bullets, descrip
tion of the circumstances, tissue disruption, treatment, 
and follow-up information provide both a superb 
teaching file on the effects of bullets on various parts 
of the body and illustrate the way current gunshot 
wound cases should be reported in the medical litera
ture. 

Every law enforcement officer who carries a 

gun, any law enforcement employee who makes 

bullet or weapon choice decisions, and law enforce

ment weapon trainers. They should read, on page 69, 
of the Moro warrior who was not incapacitated by hits 
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by bullets from the .30-40 Krag service rifle. This 
documentation of how difficult it can be to stop a de
termined and fearless adversary should be kept 
constantly in mind by the officer who is forced to use 
his gun to protect his life and the lives of others. It 
should also help put in perspective the necessity for 
multiple shots and discourage the all-to-frequent "ex
cessive use of force" accusations whenever the 
gunfight loser ends up with 
more than a few shots in his 

of "kinetic energy" lost by a projectile in passing 
through six inches of gelatin is a realistic predictor of 
its "lethality" or "incapacitation" ( 1 -3). The concern 
mentioned above as to whether the first generation 
.30-40 Krag bullet had sufficient "stopping power" 
was answered by the Spanish American War. Wounds 
made by the bullets used by both sides were similar -
lethal when striking vital structures such as the brain, 

upper spinal cord, or major 
blood vessels -- but with mini

body. 

Every Forensic Patholo

gist or any pathologist who 

does autopsies on persons 

killed by gunshot wounds. 

Some already have an excel
lent comprehension of gunshot 
wounds; some do not. For 
those who do not, they could 
benefit greatly by inviting the 
firearms examiner who worked 

"The cure is 

simple. Just insist 

upon rigorous ad

herence to basic 

fundamental scien

tific method. " 

mal tissue disruption and 
effect elsewhere. However, 
even the most minor of these 
wounds caused the soldier to 
retire from the field of battle to 
have his wound bandaged (so 
the effect was sufficient -- at 
least for "civilized" soldiers) . 
Contrast this with the charging 
Moro warrior who remained a 
threat despite ten hits. The 

on the case to the autopsy. 
Valuable evidence can be overlooked or destroyed in
advertently by those who need expert advice and do 
not seek it. 

Every medical journal or book editor who is 

responsible for publishing articles on any aspect of 

wound ballistics. Over thirty letters to editors have 
been submitted from the Wound Ballistics Laboratory 
of the Letterman Army Institute of Research in the 
past seven years. Most were published. But, interest
ingly, the one correcting the worst error and the one 
pointing out the most errors (57 in 8 pages) in a single 
paper were both refused. 

Every lawyer andjudge who might be involved 

in court cases involving gunshot injury. They will 
find the chapter, "Medico-legal Phases of Gunshot 
Wounds," especially useful. Also, reading the first 1 15 
pages will aid them greatly in understanding expert 
testimony on bullet effects. The chapters on wounds to 
various parts of the body should provide a valuable 
reference to review in preparing for specific cases. 

Everyone who has anything to do with the de
sign, evaluation, or use of military ordnance. This 
group has been misled by the fallacy that the amount 
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enormous effect of mental 
state and motivation upon 

what a person is able to do after being hit in most 
parts of the body is conveniently overlooked by ord
nance engineers and those who purport to correlate 
bullet effectiveness with "street shootings." 

Every student of war history should find this 

book indispensable. They will find interesting the 
lists of wars (Spanish-American, Boer, Russo-Japa
nese, Turko-Balkan, etc.) with the small arms used by 
each side along with the bullet weights, types, and ve
locities and characteristics of the resulting wounds. 
Also they will enjoy the chapter, "Casualties of 
Battle" that is filled with tables comparing wound se
verity, location, position when wounded, relation of 
wounds to strategy, and many other valuable refer
ences. 

Every person who owns a firearm or has an in

terest in firearms. Many of these will be subscribers 
to, or at least read from time to time, the popular gun 
magazines. These especially need to read LaGarde. 
Misconceptions and fallacies have nearly taken over 
this field in the past few decades. Ironically, those 
whose interest has led them to be the most avid read-
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ers of the gun press have likely become the most 
poorly informed. 

Every thinking, civic minded, and concerned 

citizen who has the least spark of scientific skepti

cism. He will be pleasantly surprised at the ease with 
which LaGarde's lucid writing explains bullet effects 
on the body. He will also be shocked by the revela
tions that his new found knowledge will provide the 
next time he reads anything in the media about small 
arms effects. If we can get enough of this group inter
ested and disturbed enough to help make corrections 
we might be able to prevent the next disaster before it 
happens. It is difficult to estimate how large this group 
is, who, even though they might understand the prob
lems, have difficulty overcoming their inertia and 
helping to do anything about it. How many really 

care if truth and scientific validity are ignored or 

not -- until it affects them personally? With this 
book and the references listed below any of the silent 
but interested should find sufficient material to edu
cate them regarding wound ballistics. 

Every firearms examiner will read it. They need 
it less than any other group, since they already under
stand this subject. But they will read it, and increase 
even further their lead in expertise. 

CONCLUSION 

Surely he exaggerates !  Many readers are probably 
thinking this. Good -- if you are skeptical enough to 
think that, there is hope. I have included references, 
most of which contain many more. Those interested 
enough to delve into the facts will find that, if any
thing, I have understated the current problems. 

LaGarde's Gunshot Injuries will start us on the 
road to bringing wound ballistics understanding back 
up to where it was when his book was first published. 
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Book Review 

Gunshot Wounds: 

Pathophysiology and 

Management 

Second edition. Swan, K.G. and 

Swan, R.C. Yearbook Med Pub, Inc. 

Chicago, 1989. 

The keystone of any book on gunshot wounds is the 
author's explanation of the interaction between pen
etrating projectiles and body tissues. Swan & Swan's 
garbled understanding of wound ballistics contorts 
most of what they try to present. The entire book is 
plagued by contradictions, inconsistencies, and errors. 

The "Wound Ballistics" chapter alone contains 
more than 70 unequivocal errors. These include: 

Page 9 - Swan & Swan liken the damage done 
by penetrating projectiles to that done by ionizing ra
diation. They claim that " . . .  damage in wounds is 
proportional to the amount of kinetic energy of the 
missile dissipated in the wound." Since elastic tissues 
absorb much of kinetic energy used in forming the 
temporary cavity without suffering damage, while less 
elastic tissues are tom asunder by the same amount of 
cavitation, the Swan & Swan claim cannot be true. 
Most body tissues (and just about everything else) dis
rupt only after the stress applied exceeds their 
breaking point: "kinetic energy" used up in stressing 
them below that point does not necessarily cause dam
age. There is no shortage of references disproving this 
commonly repeated "kinetic energy deposit" error 
(these will be pointed out in "The Kinetic Energy Fal
lacy" in a future issue of this Journal.)  The 
comparison of projectile caused injury to irradiation 
injury is not only fallacious but irresponsible. It could 
provide a ready excuse for the removal of perfectly 
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healthy tissue surrounding a gunshot wound. 
Page 13 - the concept that "yaw" and "tum

bling" are a "special ballistic property . . .  associated 
with missiles of very high velocity (3000 ft/s)." In 
fact, yaw (and "tumbling" is merely yaw that goes to 
1 80 degrees) is common to bullets of all velocities 
(not exclusively to those of "very high velocity"). 

In addition to the outright errors, this book is 
filled with writing that is unclear and imprecise. For 
example: 

UNCLEAR 

Page 11 - "Tissue disruption by cavitation is fur
ther enhanced by the microscopic mix of connective 
tissue with more cellular tissue and the consequential 
shearing of tissue by cavitation developing in any mi
croscopic region." 

(If any reader finds this clear, please write and ex
plain it to me.)  

IMPRECISE 

Page 11 - " . . .  bullets fired in civilian life today 
may be more severe and more threatening than those 
sustained in military combat. .. " 

Page 14 - "Not only may secondary missiles be
come more destructive than the primary missile . . .  " 

Page 15 - "Vessels, nerves, and other structures 
that were never in direct contact with the missile may 

be damaged." 
Page 16 - "If missile exceed the speed of sound 

in tissue (approximately 4600 ft/s , or 1400 m/s) tran
sonic sound waves may be produced which may or 
may not cause additional tissue damage." (emphasis 
mine on all the "mays"). In these examples, Swan & 
Swan have mixed things that range from uncommon 
(page 14) through rare (page 15) to totally unsup
ported (page 1 6). Mentioning them, without further 
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explanation, falsely implies that they are common
place. The imprecise "may" (which also implies a just 
as likely "may not") annihilates any useful meaning. 

Other chapters deal with wounding of various 
body parts. Errors from the "Wound Ballistics" chap
ter are repeated throughout them. The 1989 edition of 
Swan & Swan presents many of the figures from their 
1 980 edition as color plates. 
Unfortunately, these plates are 

tusion were not uncommon in Vietnam, and surgical 
excision was pioneered as a life-saving procedure (pre
dominantly by IWBA member Jim Geiger, M.D.), an 
important question remains unanswered. 

The legends accompanying some of the figures 
and plates are inconsistent with what is shown: Figure 

5-2 (page 7 1 )  shows a soldier 
with what is described as "an 

positione_d (in batches of 1 6), 
at only five locations in the 
book. Both the plates and the 
black and white figures are 
used in an attempt to clarify 
points made in the text; the 
legends appended to the plates 
and figures give insufficient 
detail and often confuse more 
than they clarify. Where these 
cases fit in the text is indicated 
by parenthetic listings at the 
appropriate place. These par
enthetic listing of plate and 
figure numbers do not delin-

"Don't buy the book; 

if you already have, 

return it to the book

seller or publisher, 

with a copy of 

this review. 

AK -4 7 gunshot wound of the 
neck," yet the entrance wound 
is a 1 em laceration; there is no 
exit. Figure 5-3, the neck ra
diogram of the patient, shows 
only a small metallic foreign 
body (not a bullet shaped one), 
that had penetrated no more 
than 4 inches. Figure 5-5 
shows the removed 1x0.6 em 
flat fragment which is de
scribed as a piece of AK-47 
jacket. The knowledgeable 
reader wants to know the rest 

You paid for fact and 

got fiction. " 

eate the order in which the 
plates and figures follow, nor indicate if all the plates 
and figures in a given parenthesis belong to a single 
case of more than one. 

This makes for a most confusing presentation. 
Trying to piece together what happened in a particular 
case demands a lot of page turning; it is time consum
ing and frustrating. In many cases, critical information 
is omitted. It is much like reading a mystery novel in 
which someone has tom out the last chapter. For ex
ample, Plate 18 ,  opposite page 84, shows what 
appears to be a severe pulmonary contusion of the left 
lower lobe. A parenthesis on page 105 tells us that 
Plates 1 8  to 26 go with Figures 6-8 to 6-1 1 :  Figure 6-
1 1 , a chest radiogram performed after surgery, appears 
to be the last of the series; it shows a left pulmonary 
contusion and states that "In this case, thoracotomy 
was unnecessary." So it is obvious that the contused 
lung was not removed; however, nothing is mentioned 
about the outcome. Since deaths from pulmonary con-
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of the story - what did the 
bullet hit first to break it so 

that only a tiny piece of its jacket struck this soldier? 
"AK-47 gunshot wound" does not accurately describe 
this case. 

Plate one (opposite page 52), in the Head chapter, 
shows a small, punctate bullet entrance wound in the 
buttock. Plate one is repeated as Plate 38 (in the abdo
men chapter) : the legend with Plate one declares "No 
exit wound was identified."; when the same photo
graph appears as plate 38 the legend declares "The 
wound of entrance is identified." and upon turning the 
page we find plate 39 which we are told is the exit 
wound. 

Plate 14 does clarify: it verifies the suspicion that 
the legend with Figure 6-2, page 96, is in error. This 
legend describes an "M- 1 6  wound . .  .from a distance of 
1 m." Plate 14 shows, more clearly than Figure 6-2, 
the typical soot deposit pattern on the skin observed 
with near contact wounds from M- 16s with flash sup
pressors. The muzzle could not have been 1 meter 
away, as claimed, and caused this soot pattern. 
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Figure 9-9, 1 0, 1 1  and Plate 58 are included to 
show a false aneurysm. However, the information 
given is inconsistent. The entrance wound morphol
ogy, the bullet breakage with no bone fracture, and the 
penetration depth of only about 3 inches, from a "38 
caliber handgun" with a "high velocity ( 1450 ft/sec)" 
indicate that the bullet was a ricochet or had passed · 

through some intermediate target prior to striking leg. 
No mention is made of this crucial point. 

A lot has happened in wound ballistics in the past 
ten years: a new edition of Emergency War Surgery, 

NATO Handbook was published in 1988. This is par
ticularly significant in regard to the Swan & Swan 
book since some of the worst errors and misconcep
tions that appeared in their 1980 edition (and are 
repeated in the 1989 edition) appear to have originated 
in the "Missile Caused Wounds" chapter of the NATO 
Handbook 1975 edition. That error ridden chapter (30 
in 9 pages) was completely replaced in the 1988 edi
tion of the NATO Handbook. 
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Swan & Swan use many secondary citations (cit
ing the work of someone filtered through one or more 
other authors, rather than tracing the citation to its 
source), and incomplete citations (citing a book with
out the page reference) - they even cite a multiple 
volume set (Larrey 's Clinique Chirurgicale.) without 
indicating volume or page numbers. There are also er
roneous citations - page 20, #12, for example, where 
Swan & Swan reversed the death rates from rubber 
and plastic bullets from that given in the source they 
cite. 

SUMMARY 

A second edition is expected to correct the errors 
of the first edition: this one not only fails to correct the 
previous errors but adds new ones. Don't buy the 
book; if you already have, return it to the bookseller or 
publisher, with a copy of this review. You paid for 
fact and got fiction. 

Martin L. Fackler, M.D. 
Editor-In-Chief 
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Errors & Omissions 

Bad Information: Where to 

Find It 

An artiCle in the Science section of Insight (29 April 
1 99 1 ,  page 48) gives a possible reason for the less 
than minimal response to our "Errors & Omissions" 
column. It appears that correcting one's errors, once 
considered responsible behavior, has lost its appeal. 

According to Nobel laureate Dr. David Baltimore, 
"The literature is full of bits and pieces now known to 

be wrong, but it is not the tradition to point each one 

out publicly. " So it appears that the rest of the scien
tific world shares some of the problems that irk us in 
wound ballistics. If our Nobel laureates in science 
don' t  feel compelled to clean up their literature and 
expose errors, should we be surprised by the miserable 
showing of our youth, compared to the rest of the 
world, in mathematics and science achievement tests? 
This attitude is a cancer eating away at the foundations 
of science. 

"Non-traditional" as it may be, this journal intends 
to continue to root out and expose the "bits and 
pieces" of error. The more "traditional" scientific jour
nals might do well to follow our example. 

NEGATIVE REFERENCES 

We have printed the introduction to LaGarde' s  Gun

shot Injuries and Political-Legal Factors in Small 
Arms Research and Development" to help explain 
why and how the wound ballistics literature became so 
distorted. 

Our ultimate goal is to provide our readers with a 
sound practical working knowledge of the wound bal
listics literature. This is a big job; there is a lot of 
misinformation to deal with; some of the errors and 
misconceptions are worse than others. We have de
cided to tackle the worst first. We have begun a list of 
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"negative references": The wound ballistics presented 
in the books and papers on this list is so overwhelm
ingly and unequivocally faulty that their choice was 
not difficult. The fact t;bat these works have been pub
lished underlines the need for the IWBA. 

NEGATIVE REFERENCES -- BOOKS 

Owen-Smith MS. High velocity missile wounds. Ed
ward Arnold, London 198 1 .  Errors in this book have 
been exposed elsewhere: by Lindsey, in his review of 
Ordog' s  Management of Gunshot Wounds (Am J 
Emerg Med 7(1) : 1 17, 1989) and by Fackler in 
"Wound Ballistics: A Review of Common Misconcep
tions" (JAMA 259:2730-2736, 1988). 

Ordog GJ (ed) Management of Gunshot 

Wounds. New York, Elsevier, 1988 .  In addition to the 
review cited above by Lindsey and one by Fackler (An 
Emerg Med 17 : 1004- 1005, 1988), errors from this 
book are exposed in the introduction to LaGarde' s  
Gunshot Injuries published elsewhere in this Journal. 

Swan KG, Swan RC: Gunshot Wounds: Patho

physiology and Management, PSG Publishing Co. 
Littleton, MA, 1980. 

Second edition. Yearbook Med Pub Inc. Chicago, 
1989. 

Errors in the 1980 edition are referred to in both 
the JAMA review article and the introduction to 
LaGarde 's Gunshot Injuries cited above. The 1989 
edition is reviewed below. 

NEGATIVE REFERENCES -- PAPERS 

Some of the authors of the above books have written 
papers on wound ballistics. Listing their papers in ad
dition to their book seems to us needlessly repetitive: 
any paper on wound ballistics by any of the book au
thors named above, you can be assured, qualifies for 
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this list. 

Charters AC III, Charters AC: Wounding 

mechanisms of very high velocity projectiles. J 
Trauma, 1 6:467-470, 1 976. 

The concepts put forth in this paper were indisput
ably disproved by the two following papers: Fackler 
ML, Bellamy RF, Malinowski JA. Wounding mecha
nism of projectiles striking at over 1 .5 km/sec (J 
Trauma 26:350-354, 1986), and Fackler ML, Bellamy 
RF, Malinowski, JA. A reconsideration of the wound
ing mechanism of very high velocity projectiles -
importance of projectile shape. (J Trauma 28 
Suppl:63-67, 1 988). 

Barach E, Tomlanovich M, Ballistics: A 
pathophysiologic examination of the wounding 

mechanisms of firearms, Part I. J Trauma. 
1986;26:225-235. Part II. J Trauma. 1986;26:374-
383.  

The errors and misconceptions in this two-part pa
per were exposed and corrected in the following two 
letters: Fackler ML, Bellamy RF. Letter to the editor 
(J Trauma 26: 1 157- 1 1 59, 1986), and Fackler ML, 
Lindsey D. Letter to the editor (J Trauma 26: 1 159-
1 160, 1986). 

Russotti GM, Sim FH. Missile wounds of the 

extremities: a current concepts review. Orthopedics 
1985;8 :  1 106- 1 1 1 6. 

The errors and misconceptions in this paper were 
exposed and corrected in the following letter: Fackler 
ML . Letter to the editor (Orthopedics 9 : 1 336, 1986). 

The authors of these books and papers have been 
victimized: they have been misled by previous errors 
in the literature; they have been misled by their own 
experience. However, they were easy prey to these er
rors because they had failed to acquire the wound 
ballistics expertise needed to tell valid information 
from nonsense. They were too eager to believe what 
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they were told about important details such as caliber, 
distance of fire, type of bullet, weight and velocity of 
bullet, presence of intermediate targets, etc. Only 
those who thoroughly understand the interaction of 
penetrating projectiles with the various parts of the hu
man body will recognize questionable information 
when they encounter it. 

These authors have, in tum, victimized others and 
the body of scientific knowledge by not only passing 
on this flawed information, but, in most cases, wors
ening it by adding further fallacy of their own. Until 
those who publish errors are exposed in print regularly 
it is unlikely that the situation will improve. 

Our list should help to break this vicious circle of 
misinformation and misinterpretation. Many of our 
members are involved in forensic science. We suggest 
that this information can be useful to them and their 
lawyer colleagues in recognizing false expertise: if op
posing "experts" happen to use the works of any of the 
authors on the negative reference list in support of 
their case, we have provided sufficient information to 
discredit them. The list can also provide an effective 
screening tool for sorting out valid papers. A glance at 
a paper's bibliography can show if any of these refer
ences have been used for support -- if they have, the 
likelihood of that paper being a useful and valid one is 
small. 

If book publishers see sales of "negative refer
ence" books falling (as word gets around that having 
them on your shelf is the mark of a dunce,) maybe 
they will be more selective in what they publish in the 
future. 

We welcome suggestions from our readers on how 
we might induce publishers to admit their error and 
recall these books. They are at least guilty of false ad
vertising -- offering a nonfiction book and delivering a 
work of fiction. 

-MLK 
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I WBA S E RV I C ES 

Althoug h most law enforcement agencies specify ve locity, 

accu racy, press u re ,  and rel iabi l ity factors when contract ing for 
the pu rchase of am m u n itio n ; the IWBA strongly encou rages 

am m u n it ion pu rchasers and end users to also specify the two 
primary determ i nants of term inal performance : 

Penetration Depth 
and 

Expansion 
(of bul lets desig ned to expand . )  

The IWBA provides am m u n it ion evaluation ,  testi n g ,  and 
certification services for Law Enforcement agencies , 

amm u n it ion manufactu rers ,  and others .  Basic test ing services 
are performed with a cal ibrated t issue s imu lant to determ i ne an 

am m u n it ion type and/or lot's particu lar penetrat ion and 
expansion characterist ics . 
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Please contact the IWBA for cost 
and other  i nformation on these services. 
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IWBA MEMB ERSHI P  

The IWBA is u n l ike many other associations in that our 

Ful l  Member and Technical Consultant membe rships are only available by invitation. 

There is no automatic qualification for Ful l  Member or Technical Consultant status. 

For example, while most Full Members are physicians, just having a medical degree in not qualification 

for Ful l  Membership and wh i le many Technical Consultants are law enforcement members, 

al l police officers are not automatically eligible to become TC's. 

The primary consideration in our  decision to invite individuals to become Full Members is that they have 

a solid understanding of elementary wo�nd ball istics. Ful l  Members must be (or have been) actively 
engaged in wound ball istics research and have made contributions to the body of knowledge. 

Technical Consultants are chosen for their expertise in related areas 

which will be of value to our Association. 

Individuals who are interested in  becoming Ful l  Members or Technical Consultants should fi rst become 
Associate Members and contribute articles to the Journal and/or send other examples of their work 

which might qual ify them for FM or TC status. 

I t  is our hope that Full Membership and Technical Consultant status in the IWBA wil l  have an i ntrinsic 

value by virtue of the cal iber, expertise, knowledge, experience, and accomplishments of our membe rs.  

THE IWBA SEEKS QUALITY I N  OUR M EMBERSH I PS,  NOT QUANTITY. 

Associate Membership ($40/yr) available to anyone interested in wound bal l istics. AM's will receive 
four  issues of the Journal and all other Association mail ings. 

Subscriber Membership ($40/yr) is avai lable to l ibraries and other organizations which 

only wish to receive the Journal.  
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($48 for Canadian or Mexican addresses; $58 for others) 


