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IWBA STATEMENT OF PURPOSE 
The widespread misinformation and lack of understanding concerning ballistic injury are well known to anyone who 

understands the subject and keeps up with its literature. The undesirable consequences of these deficiencies range from 
substandard gunshot wound treatment to lessened law enforcement effectiveness. 

The effects of penetrating projectiles on the body is of vital concern to trauma surgeons, weapon designers and users, 
and those involved with the forensic aspects of ballistic trauma. · Yet, we know of no other organization that deals with the 
subject exclusively and in depth. Papers containing ballistic injury data appear in widely scattered sources, since many groups 
include projectile effects peripherally i_n their interests. In each source, however. wound ballistics papers comprise a very small 
percentage of the total, and most of U1ese papers contain numerous errors. Wound ballistics expertise is sparse, and human 
inertia being what it is, once ill prinl, 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. 

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 ballistics literature needs to be initiated. Finally, an easily accessible source of wound ballistics expertise needs to 
be established. 

The International Wound Ballistics Association has been founded to fill these needs. The IWBA publishes a journaL the 
Wound Ballistics Review, which contains original articles and reviews of other publications. 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 inaccuracies. Additionally, U1e International Wound Ballistics AssocLation is prepared to offer 
expertise to assisL any publication concerned with avoiding error and maintaining Leclmical accuracy. 

The IWBA encolllages skepticism. We are convillced that only by encouraging active questioning, reevaluation and 
verification of views, data and cherished beliefs, etc. in the open literature can wound ballistics assume its full potential as a 
science. 

IWBA MEMBERSHIP POLIC Y 
Membership Classes 

The IWBA has only a single class of membership ("member"); but an individual or an organization can be a 

Dues 

"subscriber" to receive the IWBA Journal without membership status. 

Dues are $40 for the period covering four issues of the IWBA Journal (published semi-annually starting in 1995) for 
both members and subscribers. Mailing cost surcharges of$8. for Canadian and Mexican addresses and $18. for other 
foreign addresses for the four issues are required with the dues. 

Qualification for Membership 
1) Persons in the following categories can become IWBA members with an application demonstrating the category and 

paying the dues. 
a) Prior IWBA members (of any class) 
b) Full-time law enforcement officers 
c) Members in good standing of any of the following organizations: 

Association of Firearms Toolmark Examiners 
American Academy of Forensic Sciences 
American College of Emergency Physicians 
American College of Surgeons 

2) Persons who have contributed to the body of knowledge in wound ballistics (eit11cr by adding to the scholarship or by 
disseminating that body of knowledge) may apply for membership by submitting to the TWBA a letter of appliclllion 
along with evidence supporting their qualifications. Acceptance by the IWBA Membership Committee and payment of 
the dues will confer membership. 

3) Persons who have an interest in learning wound ballistics but ho do not qualify under an_ o.f L.he above categories ma. 
apply for membership by submiU..i.ng to the IWBA a letter of application stating tl1eir reasons fo.r wishing membership 

and including two letters attesting to their integrity and good character fTom IWBA members or person ,, ho would 
qualify for IWBA membership in section 1 above. Acceptance by the JWBA Membership Committee and payment of 
the dues will confer membership. 

Application as a Subscriber 
An individual or an organization can become a subscriber by paying the dues and requesting the IWBA Journal without 
membership status. 
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I NFOR M A T IO N  FOR A U THOR S 

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 be given to 
authors of rejected papers and will be made available upon request to anyone. 

Articles are accepted only for exclusive publication in IWBA, and when published, the articles and 
illustrations become the property ofiWBA. 

If submitting a letter or review which refutes or points out errors in another work, please provide the 
address ofthe source (please include a copy ofthe article reviewed-these will be returned if requested). 

In submitting original work, the manuscript and one copy are required; one set of high quality illustrations 
is required; black and white is preferred. Author's name must be clearly identified on the title page with 
addresses and telephone number. Manuscript must be double-spaced with ample margins (at least one inch 
on all sides) on standard (8 1 /2" x 1 1  ") paper. NOTE: THE PREFERRED MANUSCRIPT FORM IS 
THE 3 1/2" ( 1 .44 Meg or 720K) or 5 1 /4 ( 1 .2 Meg) PC FLOPPY DISK WITH A PAPER COPY. Most 
major PC word processors are acceptable but WordPerfect or Microsoft Word are preferred. (Please 

convert files to WordPerfect 5.1 or 6.0, or to Word for Windows 3.0--6.0.) PLEASE DO NOT 
PROVIDE COMPUTER TEXT WITH SPECIAL FONTS OR LAYOUTS: PLAIN: SIMPLE TEXT 
WITHOUT INDENTS TABS LINES OR GRAPHICS . Any graphs, tables, charts, etc. should be 
supplied as separate files and/or with a clean, high quality paper copy. Legends for all illustrations should 
be listed in order, double-spaced. An abstract of 1 50  words or less should precede the text. 

References are to be numbered sequentially within the text and appear in the order cited at the conclusion of 
the article. Page numbers must be given in books, cited as references. 

EXAMPLES: 
Book: Broad W, Wade N, Betrayers of the Truth. New York, 
Simon & Schuster, 1 982, p 1 92 

Article in periodical: Fackler ML, Surinchak JS, Malinowski JA, et al. Bullet 
fragmentation: A major cause of tissue disruption. J Trauma 1984;263-266. 
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CRIMINAL INVESTIGATIONS 
The article by Dr. Lattimer et al. in this issue is 

the definitive work in print on the wound ballistics of 
the JFK assassination; the superb scientific testing done 
is presented clearly, concisely, and compellingly. At 
last, the American people have this undeniably credible 
resource easily available as an antidote to Oliver Stone 
(director of the movie "JFK") and others who have 
exploited the gullibility of the public on this subject. 
Those who are open minded and intelligent enough to 
appreciate the merit and significance of this evidence 
will recognize that it utterly destroys the conspiracy 
theories of the JFK assassination. 

The initial investigation into the wound 
ballistics of the Kennedy assassination illustrates the 
confusion that can be generated when emotion displaces 
reason - as it almost always does in especially high 
visibility cases . What else could explain depriving the 
pathologist who did the autopsy on JFK of the 
photographs and x-rays, taken as a part of the autopsy, 
prior to his writing of the autopsy report? In such 
cases, ordinarily adequate and efficient investigation 
procedures are modified to make them "better" than 
normal - but this attempt is commonly abortive and 
counterproductive. Then we have the conspiracy 
theorists, pandering to the distorted tastes of those eager 
to accept anything that supports what they want to 
believe. There is money to be made, and fame to be 
gained, by selling what the public wants to believe -
that one deranged person, working alone, could not 
possibly kill a popular and charismatic President; that it 
would just have to have been the result if a multi
faceted conspiracy. 

The distortions engendered by emotional 
involvement are not necessarily limited to high visibility 
cases. The next issue of the Wound Ballistics Review 
will describe the case of a law enforcement officer 
unjustly accused of murder because investigators 
apparently allowed their scientific skepticism to be 
displaced by ego involvement - being unable to say "I 
was wrong" when copious undeniable evidence they had 
overlooked was brought to light. The jury voted 12  to 0 
for acquittal on their first ballot. But the officer spent 
eight months in jail awaiting trial. 

BULLET TESTING 
This issue contains two articles on tests of the 

MatchKing bullet and information on experiences in 
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shootings. Variations in performance of this bullet have 
been a subject of interest for some time, and are a vital 
concern for law enforcement. 

Events at Ruby Ridge might well have turned 
out differently - Vicki Weaver might still be alive - if 
the Matchking bullet (loaded by Federal in their 
"Premium" bullet line), that struck Randy Weaver had 
performed adequately. Ironically, the events at Ruby 
Ridge (August, 1 992) shared a crucial point with the 
"FBI Shootout" in Miami (April, 1 986): bullet failure 
was a critical factor in both. Moreover, these bullet 
failures had been predicted by previous testing of the 
bullets involved in gelatin. How long will it be before 
government and law enforcement decision makers start 
taking seriously the results of bullet testing and replace 
substandard bullets before another unnecessary 
tragedy? The Secret Service is a case in point: I believe 
they still use the same bullet type that was responsible 
for the unnecessary loss of the FBI Agents in Miami -
despite the written protests of some of their most 
knowledgeable agents. 

This issue also includes an article describing a 
method for correcting penetration depths measured in 
non-standard gelatin to the penetration depth that would 
have been obtained in standard gelatin. This new 
correction procedure is much more general than the 
approach given in Bullet Penetration, and should be 
used by all experimenters. 

THE WOUND BALLISTICS REVIEW 
We have made changes that enable publishing 

the Wound Ballistics Review twice a year, as many 
members have desired, but this requires a continuing 
supply of quality articles for future issues of the Wound 
Ballistics Review- now- because there is a long lead 
time in the publication process. Many test and analysis 
results done by IWBA members would make useful 
articles if they were written up and submitted. We need 
to have more of our members make the effort to report 
their work. 

In my article, The Matchking Bullet - Past, 
Present, and Future, I have used a "structured abstract", 
which is intended to save the readers' time by focusing 
more easily on specific elements. Some medical 
journals now require structured abstracts, in others they 
are optional. We encourage the structured abstract, but 
intend to remain reasonable and flexible in our format; 
precision, clarity, and quality are the only things on 
which we won't compromise. 
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LITERATURE REVIEW Martin L. Fackler, MD 

Danish Pathologist Finds Initial 

Yaw Angles To Be Greater And 

More Variable Than Commonly 

Thought For Most Military Bullets 

Knudsen PJT, Sorensen OH. The initial yaw of 

some commonly encountered military rifle bullets. 

Int J Leg Med 107:141-146, 1994. 

Peter Knudsen, Danish Forensic Pathologist 
and IWBA member, worked with Mr. Sorensen of the 
TERMA Electronics Company of Lystrup, Denmark 
(manufacturer of Doppler radar and other sophisticated 
ballistic measuring devices) using high speed shadow
graph photography to simultaneously photograph bul
lets in two planes, at right angles from one another. 
With this equipment they were able to determine bullet 
yaw angles at various distances up to 40 meters from 
the gun muzzle. They tested bullets of M 1 6A2 
(5 .56x45mm NATO), 7 .62x5 1mm NATO, AK47 
(7.62x39mm) and AK74 (5 .45x39mm) types. At least 
five shots were fired at each of 12  ranges from 1 to 40 
meters. The results were given as the average yaw as 
well as the range of individual yaw angles recorded. 

The results surprised me: the yaw angles were 
larger than I would have expected for all but the AK-
47. For this bullet not a single individual yaw angle 
reached as high as 3° at any range. For the others, 
individual yaw angles reached 9.72° for the AK-74, 
with the highest average 5 .  7 1  o, 1 .  7 meters from the 
muzzle. The M 1 6A2 had an individual yaw angle of 8°, 
with the highest average 5 .32°, 10 meters from the 
muzzle. The Danish 7.62mm NATO bullet reached a 
high individual yaw angle of 6 .38°, and a high average 
of 4.62°, at 30 .7 meters from the muzzle. 

These results presented by Knudsen and 
Sorensen are certainly consistent with the well known 
extremely stable behavior of the AK47 bullet in tissue, 
remaining point forward, and causing minimal tissue 
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disruption for the first 26 em or so of its path. 
This is the kind of information that, if done in a 

government ballistics laboratory, would most likely be 
classified and thus not be available to the medical 
community. Knudsen and Sorensen have done a service 
to the wound ballistics community by doing this 
excellent work and making it public. I hope they will 
continue their fine work and expand it to include 
handgun bullets and expanding rifle bullets. 

There are two important questions involving 
practical applications of bullet yaw in air that could be 
answered by investigators who have access to such 
equipment as that used by Knudsen and Sorensen: 
1 .  What are the critical angles of striking yaw beyond 
which the more common hollow point handgun bullets 
will no longer expand in gelatin tissue simulant? In my 
forensic wound ballistics practice I have noticed that no 
expansion in body tissue is the rule if a handgun bullet 
has first interacted with an intermediate target causing it 
to have perceptible striking yaw. While experimenting, 
I once grazed the rear chronograph screen holder with a 
.45 ACP 1 85 grain WW Silvertip bullet. The hole this 
bullet made in the front chronograph paper "break" 
screen was very slightly out of round. This bullet did 
not expand at all in the gelatin, whereas in at least 3 0 
other shots into gelatin there has never been a failure of 
this .45 ACP Silvertip bullet to expand. 

2 .  What is the smallest yaw angle that can be easily 
recognized as an out of round hole? Obviously this will 
vary with the length and shape of the bullet in question. 
The next time Knudsen and Sorensen, or anybody else, 
does such a series of exact bullet yaw determinations, I 
suggest they could do a great service to the forensic 
science community by adding paper witness sheets to 
the study. They could then write the measured yaw 
angle beside each hole and photograph them. The 
Wound Ballistics Review would be delighted to publish 
such a study. If we had such a standard against which 
to estimate yaw angles, others could use it to study yaw 
at various ranges using a wide range of handgun bullets 
fired from a variety of common handguns . Witness 
sheets have been used for many years to measure yaw: 
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they give a good approximation of yaw angles . But 
what are the limits of these approximations, especially 
at very small yaw angles? 

In addition to the handgun hollow point bullets 
that do not expand when they have known perceptible 
striking yaw, we see some (probably 1 0% of hollow 
point bullets, of varieties which always expand well in 
testing, that we remove from bodies) that do not expand 
in the body without any identifiable reason (hollow 
points not plugged with clothing, or anything else, and 
they have not hit any intermediate target) . Might the 
reason for these failures to expand might be that there 
are some handgun-bullet combinations in common use 
that generate sufficient yaw angles to prevent the bullet 
from expanding, but these angles are insufficient to 
cause obviously out of round holes in target paper? 
How many holes in target paper that appear round to 
the naked eye can be shown to be slightly out of round 
by comparison with perfect circles of the bullet's 
diameter on a celluloid overlay? We would welcome 
any comments or information on this problem that any 
of our readers might have. 

More Errors Published in the 

JOURNAL OF TRAUMA 

Ordog GJ, Shoemaker W, Wasserberger J, 

Bishop M. Gunshot Wounds Seen at a County 

Hospital before and after a Riot and Gang Truce: 

Part Two. J Trauma 38(3):417-419, 1995. 

As our last issue was going to press, another 
article filled with errors and inconsistencies by the 
Ordog group was published in the Journal of Trauma. 

As before, I sent the editor the following evaluation, 
with corrections : again, he ignored it. 

Inconsistencies in this paper include: 
• p 4 1 8  - "In the year prior to the truce, 7 1% of 

GSWs were due to 'drive-by shootings.' This has 
increased significantly from 3 8% in 1 978 . . .  but after 
the truce the drive-by and gang-related shootings 
increased to 80.5% (p=0.006), the highest level 
recorded. "  In a previous report on the same patient 
population, Ordog et al. included a bar graph which 
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showed that "drive-by" caused 90% of the shootings 
in the 1 5  year period from January 1 987 through 
December 1 9921 . Yet, in 1987, Ordog et al. wrote 
that less than 1 0% of the gunfire wounds they saw 
"were shot from a speeding automobile"2 . These 
two previous writings by the Ordog group 
contradict one another and the figures they reported 
in this paper .  

• p 4 1 8  -They reported that the 38,382 record sheets 
(one sheet for each GSW patient) formed a stack 
4 1 .25 feet high. A pack of 500 sheets of 20 lb . 
paper is two inches thick. The 38,382 sheets should 
make a stack about 12 . 8  feet high -- not 4 1 .25 . 

• p 4 1 9  - " . . .  the occurrence rate of GSWs is 
increasing. "  In both Table 1 and Figure 1 fewer 
shootings are listed for the last two months than for 
the three preceding months. This shows a declining, 
not an increasing "rate of GSWs. '' 

p 4 1 9 - "As an illustrative case, a 1 5-year-old boy, 
using a . 3 57 magnum handgun shot from a van 
three little girls aged 2, 8, and 1 1  in the head while 
they were playing in their front yard. The girls died. 
The boy admitted killing the girls to earn gang 
membership . '' No documentation for this unlikely 
incident is given. I contacted the LAPD and the LA 
Sheriff's Forensic Criminalistics Laboratories and 
the LA Coroner's Office: none had heard of the 
incident. It would be unlikely for even the most 
expert marksman to be able to hit three small heads, 
with a handgun, from a moving vehicle. If such an 
incident had occurred, it most likely would have 
attracted national media attention: yet neither 
myself, nor any of my colleagues who are closely 
attuned to firearm incidents, have heard of it. It is 
unfortunate that the extreme unlikelihood of this 

REFERENCES 
[1] Ordog GJ, Wasserberger J, Ackroyd G. Hospital costs of 
fireann injuries. J Trauma 38(2):291-298, 1 995. 
[2] Ordog GJ, Wasserberger J, Prakash A, Balasubramaniam S. 
Civilian gunshot wounds: determinants of injury. J Trauma 
27(8):943-947, 1 987. 
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FEDERAL PREMIUM .308 WIN. 168 GR. JHP-BT 
A SWAT I HRT ROUND WITH SOME IDIOSYNCRASIES 
Lucien C. Haag 

ABSTRACT: 
This popular commercial .308 Winchester 

round has a reputation for superior accuracy among 
target shooters and has consequently become a 

cartridge of choice for SWAT and HRT marksmen. 
However, the performance of the 168 grain Sierra 
MatchKing bullet in actual tissue and tissue 
simulants leaves room for improvement. 

INTRODUCTION: 
The author was recently involved in some tra

jectory reconstruction in the aftermath of a shooting 
incident where an HRT (Hostage Response Team) 
marksman fired two rounds of this ammunition at an 
adversary. It was determined that the first shot struck 
the standing subject and perforated approximately 3 to 
4 inches of the musculature between the shoulder and 
neck. The unexpanded hollow point bullet then 
perforated two plywood walls and the overhang of the 
roof of an out-building leaving a clear silhouette of the 
bullet's undeformed profile in the side of this building. 
The struck subject was unaffected by this hit and 
proceeded to run to another building where a stand-off 
ensued. Days later this subject surrendered and fully 
recovered from this high velocity gunshot wound. 

During ballistic testing of this cartridge it was 
found that these bullets would frequently fail to expand 
when fired into 3 and 4 inch blocks of 1 0% ballistic 
gelatin with impact velocities in the range of 2600 f/s to 
2400 f/s (velocities one could expect from this cartridge 
over distances of 50 to 200 yards). Such failures did 
not require the plugging of the hollow point nose on 
these bullets. In such instances their behavior was 
nearly than of a full metal jacketed projectile. 

PROCEDURE: 
Several boxes of Federal Premium and Federal 

Gold Medal .308 Winchester Match ammunition 
(Federal product numbers "P308M" and "GM308M") 
were purchased as well as a box of Sierra 1 68 grain 3 0  
caliber MatchKing bullets (product 2200) for as
sembling handloaded cartridges to desired velocities. 

8 

Several rifles were used but an M 1 Garand with a 24 
inch barrel chambered in 7 .62x5 1mm NATO (.308 
Winchester) was the primary rifle employed as a means 
of delivering the 168 grain JHP-BT bullets to the targets. 

An initial evaluation of bullet performance was 
carried out with half-gallon virgin milk cartons filled 
with water. These provide a 3 .75 inch (9 .5  em.) path 
length and have been previously used by the author to 
illustrate the initial expansion of soft and hollow point 
rifle bullets designed for hunting purposes.  This is 
accomplished by placing a cardstock witness panel 5 to 
1 0  feet down range of the water-filled cartons.  An 
unexpanded or undeformed bullet is quite apparent by 
the nature of the bullet hole left in the witness panel. 
Portable chronographs were set up in front of the 
cartons to record the impact velocities of both the 
handloaded rounds and the commercial Federal car
tridges. Federal's literature shows a muzzle velocity of 
2600 f/s for this round out of a 24 inch barrel with 
subsequent velocities of 2420 f/s and 2240 f/s at 1 00 
and 200 yards respectively. 

Three shots with factory Federal ammunition 
into water-filled cartons registered impact velocities of 
2583 f/s, 2564 f/s, and 2558 f/s .  A handloaded round 
at 2048 f/s was also fired through 3 .  7 5 inches of water 
in a cardboard carton. All four shots resulted in 
undeformed, intact, tumbling bullets exiting these 
water-filled cartons. The cartons split apart but did not 
"explode" as is typically seen with rapidly expanding 
bullets . Indeed, they could be reassembled to show a 
nominal 30 caliber exit hole in the 0 .025 inch thick 
waxed cardboard wall. 

Rectangular gelatin blocks weighing approxi
mately 5 . 5  pounds each were cast and oriented so as to 
create a 3 .75 inch path to the bullet. These blocks were 
unrestrained and shot with factory Federal ammunition 
using chronographs both in front and behind the gelatin 
blocks and cardstock witness panels starting at 3 feet 
beyond the gelatin block. Table 1 lists representative 
results of test shots through 1 0% ballistic gelatin with 
both handloads and factory ammunition. 
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TARGETS IMPACT VELOCITY 

3.75" gel path 2478 f/s (755 m/s) 

" 2431 f/s (741 m/s) 

II 2595 f/s (791 m/s) 

II 2538 f/s (77 4 m/s) 

" 2598 f/s (792 m/s) 

3.75" gel path 2563 f/s (781 m/s) 

II 2480 f/s (756 m/s) 

6.0" gel path 2317 f/s (706 m/s) 

" 2257 f/s (688 m/s) 

2007 f/s (612 m/s) 

II 1953 f/s (595 m/s) 

Vol 2, No. 2 

Table 1 

RESULTS 

No expansion, full length profile of unexpanded bullet in the 
witness panel. [Sierra MatchKing bullets with 45. 0 gr of IMR -
4350] 

Partial expansion with some bullet break-up and vaporous lead 
deposits on W.P. [same handload as above] 

Intact, undeformed, tumbling bullet, no yaw in gel. 
[commercial Federal Premium round] 

Intact, undeformed, tumbling bullet, no yaw in gel, 5.5# gel 
block remained in place and showed a small exit hole [Federal 
round] 

Deformed, fragmented bullet! Lead 'fog' and spatters on W.P. 
Approx. 2.5" temporary cavity for the last portion of the "wound" 
track. No fragments in the gel. [Federal round] 

Intact, undeformed, tumbling bullet. Exit velocity = 2134 f/s 
(650 m/s) for a velocity loss of 429 f/s (131 m/s). [Federal 
round] 

Intact, undeformed, tumbling bullet. [Sierra MatchKing hand
load] 

Two (2) fragments of this Sierra MatchKing bullet [handload] 
struck the W.P. One fragment registered 2076 f/s, the other 
gave 1811 f/s. Cavitation occurred during the last 2" of gel 
penetration. The cardboard around this 5# gel block was 
barely split. 

Intact, undeformed, tumbling bullet with an exit velocity of 2085 
f/s (636 m/s). No yaw or deviation seen in the "wound" track. 
Some displacement of gel at the exit site. [Sierra MatchKing 
handload] 

Intact, undeformed, tumbling bullet with an exit velocity of 1902 
f/s (580 m/s). Narrow, straight track through 2.2# gel block. 
[Sierra MatchKing handload - 40.0 gr. of IMR-4350] 

Intact bullet showed some yaw in the last 2 inches of gel. No 
exit velocity recorded. {Sierra MK handload- 38 gr. IMR-4350] 

9 



WOUND BALLISTICS REVIEW 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

Three rounds of the Federal .308 Winchester ammuni
tion were selected and the tips of the bullets shortened 
0.025", 0.040" and 0 .050" respectively with a Dremel 
tool. The effect of this was to open up the hollow 

Table 2 

points on these bullets . These bullets were fired 
through 3 .75 inch (9 .5cm) calibrated1 gelatin blocks 
with the same chronograph/witness panel arrangement 
as before. The results are given in Table 2. 

[Modified Bullets: Shortened to Enlarge the Hollow Point Opening] 

TARGETS IMPACT VELOCITY 

3. 75" gel path 2570 f/s (783 m/s) 

If 2585 f/s (788 m/s) 

II 2583 f/s (787 m/s) 

DISCUSSION and SUMMARY: 

RESULTS 

Bullet #1 (shortened 0. 025") produced a nearly circular 0.5" 
diameter hole in the witness panel with 3 small satellite 
fragments. Vaporous and fine particulate lead were 
distributed around the bullet hole on the 3' down range witness 
panel. 

Bullet #2 (shortened 0.040") appears to have exited as one 
long, irregular missile with a plume of vaporous lead emerging 
from one end as it passed through the cardstock witness panel. 
Exit velocity was 2280 f/s (695 m/s) for a velocity loss of 305 f/s 
(93 m/s). 

Bullet #3 (shortened 0.050") broke into three (3) major 
fragments with ca. 10 small satellite fragments. One of these 
fragments registered 1885 f/s exit velocity for a loss of 698 f/s 
(213 m/s). Fine particles of lead were detected around the 
fragment holes in the W.P. 

The results of these tests reveal that these 
bullets frequently fail to expand even after as much as 6 
inches ( 1 5  em.) of ballistic gelatin penetration and with 
impact velocities comparable to those achieved at 
relatively close ranges. 

designed for use on animal (tissue) targets. If terminal 
ballistic performance comparable to expanding, hunt
ing-type bullets is desired, it would appear from these 
tests and case experience that this projectile should be 
redesigned by the bulletsmiths at Sierra. The only al
ternative to meet such a requirement would be to find 
another bullet for the mission that will also deliver the 
required accuracy. 

The bullet loaded in the Federal Premium 
Match and Gold Medal .308 Winchester ammunition is 
Sierra's 168 grain jacketed hollow point - boat tail bul
let. This is a bullet designed for competitive shooting -
a role in which it is known to excel. The presence of the 
hollow point cavity in this bullet does not insure the sort 
of consistent, early expansion one often finds with bul
lets, both hollow point and soft point forms, that are 
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[I] 10% w/w ballistic gelatin at 4°C is "calibrated" by measuring 
the penetration depth of a nominal 600 f/s, 5.4 gr., . 175" diameter 
steel BB which should penetrate 3.3 to 3.4" in properly made 
gelatin. 
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MATCHKING BULLET 

and Future 

The matchking bullet design has changed over the 
years, and some of this evolution has not been 
desirable; Matchking bullet designs now commonly 

available have unreliable terminal ballistics that 

present a serious problem for law enforcement. The 

design problems are now understood and bullet 

performance can be improved by user modifications. 

As mentioned in Vol I, #4 (pp 1 8- 1 9) of the 
Wound Ballistics Review, we had done gelatin tests 
with this bullet at the wound ballistics lab of the 
Letterman Army Institute of Research in the mid 1 980s. 
Our results matched closely those reported in Luke 
Haag's article on page 6. The erratic performance of 
the 168 grain .308 caliber Matchking bullet in the 
human target is a serious problem for law enforcement. 

My interest in this bullet dates from 1 985, 
when I was asked to find a method of closing the Sierra 
Matchking bullet's tip to make it appear to be a full 
metal jacketed bullet. While at Ft. Benning, GA, for the 
American Defense Preparedness Association's Small 
Arms meeting, I visited the Army Marksmanship Unit 
(AMU). At that time, AMU teams were using the 220 
grain . 308 Matchking bullets for 1 000 yard matches. 
The Colonel in charge said that they had been criticized 
for this because some thought it improper for Army 
teams to be using hollow point bullets. He asked if I 
would try to devise a "cosmetic fix. "  i .e., to make the 
Matchkings look like full metal jacketed bullets. He 
gave me some 220 grain Matchking bullets, and shortly 
thereafter sent me a . 300 Winchester Magnum target 
rifle to test them in gelatin; although he didn't care if the 
alteration changed their performance -- just so it did not 
adversely affect their accuracy. 

My first inclination was to try a tiny drop of 
silver solder or a brazing mixture that would wet the 
copper jacket. I tried this using an oxyacetylene torch, 
and then a TIG welder. I mention this only so that 
anybody else who feels the need to try to alter a copper 
jacketed lead core bullet with heat doesn't have to waste 
the time. Copper conducts heat so well that it not only 

Vol 2, No. 2 

Past, Present, 

Martin L. Fackler 
melted the lead core just inside the tip but set it to 
boiling. A few of them looked like mini-volcanoes as 
lead spewed out the hole. 

A bit of forethought might have saved me this 
wasted effort, but it did focus my attention on the 
physical properties of copper. It is also extremely 
ductile -- why not just "push" the tip shut? I chucked a 
.220 grain Matchking bullet in a lathe, polished the flat 
butt end of a lathe tool to a mirror finish, put a bit of 
lubricant on it, and used it to make three "pushes" 
against the tiny hole in the bullet's tip; one with the flat 
surface of the tool 40° from the bullet's long axis, then 
one at 30° and one at 20°, moving the tool slightly 
toward the base of the bullet with each subsequent 
"push. " I then polished the tip using a cloth wheel 
charged with jeweler's rouge. This did, in fact, produce 
a bullet that one could not tell from a full metal jacketed 
bullet without magnification. I sent the AMU detailed 
directions on how to close the tip . They made some and 
checked their accuracy: there was no change. The AMU 
apparently passed this information on to Sierra, who 
made some Matchkings with closed tips, but I suspect 
they used a one-step push with a swaging machine 
rather than the more laborious lathe method. I heard 
that that Federal Cartridge Company loaded several 
million 1 68 grain .308 closed-tip Matchkings, of which 
I obtained a box. Federal labeled this bullet " 168 
GRAIN FMJ. N0.308 MG" (the lot# on my box is 
FC-88-COO l -OOL). 

Our tests in gelatin showed that closing the tip 
makes the Matchking bullet perform exactly like a full 
metal jacketed bullet: it penetrates with little or no yaw 
for about six inches, then yaws and breaks at its 
midsection, with substantial fragmenting of its core. 

A few months ago, I gave a talk at a 
SWAT /Sniper Seminar in Ft. Lauderdale, FL, and 
found out that there have been quite a few recent 
incidents in which the 1 68 grain Matchking bullets, as 
currently loaded by Federal, have failed to expand in 
animal tissue. Three were from Alaska: a deer shot 
through the heart had a small punctate hole with no 
significant surrounding disruption; an identical shot 
through the chest of a felon was reported; and a shot 
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through the head of another felon produced only a small 
entrance and exit and little internal damage. Another 
case was reported in which a felon had been shot 
through the shoulder in an attempt to immobilize his 
arm: but the Matchking bullet made a small punctate 
entrance and exit and did not affect the felon's ability to 
use the arm, much like the case reported by Luke Haag. 

I examined the matchkings in use at that 
Seminar (the second day included shooting) and noted 
that the holes are smaller now than they were when I 
tested them in the 1 980s. I brought a box home and 
compared them: the holes in mine from the late 1 980s 
are mostly round, from .028" to .038" in diameter. The 
holes in the new ones varied from .0 12" to .024" but 
most were triangular or slitlike -- quite irregular -- and 
looked as if something had struck the bullet tip. 

I telephoned Kevin Thomas, head of ballistics 
at Sierra, and found that the recent 1 68 grain 
Matchking bullets have been made with the smaller hole 
purposely in order to get a slightly higher ballistic 
coefficient (BC) because that is what their customers 
want. He mentioned, however, that Sierra would be 
happy to make the hole in the tip of the Matchkings as 
large as the customer wishes . 

For police use, the very slight increase in BC is 
negligible -- how many times does a police sniper take a 
shot at more than 200 yards? What the police do need, 
however. is uniformitv of bullet performance in the 
human body; and making the hole smaller certainly 
appears to decrease its uniformity of performance. 
Thus, the bullet that almost all police snipers are 
presently using is one with erratic and unpredictable 
performance in the body -- it might expand, or it might 
not. To obtain a negligible increase in BC, which they 
don't need, law enforcement snipers have unknowingly 
seriously compromised the most critical property of the 
bullet, predictable and reliable performance in its 
intended target, which they do need. 

I tested a few of the newer 1 68 grain Matchking 
bullets, with the smaller holes, in soap tissue simulant. 
They penetrated the equivalent of about seven inches in 
1 0% gelatin (or human muscle) before the bullet broke 
and fragmented. I then enlarged the hole in several of 
them using a .055" drill (at a speed of about 200 rpm, 
feeding the bullet slowly by hand) . On testing, all of 
these bullets with enlarged holes opened reliably after 
penetrating the equivalent of less than one inch in 1 0% 
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gelatin or muscle. This essentially duplicated the results 
reported by Luke Haag when he enlarged the holes in 
the tips of the 1 68 grain Matchking bullets with a 
Dremel tool. Some well equipped law enforcement 
sniper team needs to repeat this enlargement of the holes 
in Matchking bullets and check them for accuracy and 
point of impact compared to unmodified ones. Since 
less than a half grain of copper and no lead is removed 
by the .055" drill modification and it does not change 
the outside of the ogive, no change in accuracy or point 
of impact is likely. 

I wrote to the Federal Cartridge Company, in 
May 1993, telling them of the failure of the Sierra 168 
grain Matchking bullet, that they market for law 
enforcement sniper use, to perform as expected at Ruby 
Ridge, Idaho (the case reported by Luke Haag -- who 
knows how events at Ruby Ridge might have been 
changed had that bullet performed adequately?) and of 
my tests of that bullet in gelatin which predicted such 
inadequate performance. They replied that they had had 
no complaints and perceived no problem with the 
Matchking bullet as they were loading it. 

For the present, law enforcement departments 
can obtain the reliable bullet expansion they need either 
by having their armorers drill out the tips of the 
Matchking bullets their snipers intend to use when 
reliable performance in the body is needed (after 
verifying my test results and assuring themselves that 
accuracy and point of impact are not changed by their 
modification), or by purchasing bullets from a 
manufacturer who will load the Sierra 1 68 grain .308 
Matchking bullets made with a .055" or larger hole. 

After learning about the growing number of 
recent failures of the Federal 1 68 grain Matchking 
bullet loadings at the SWAT /Sniper Seminar in April 
1 995, I telephoned Winchester to try to persuade them 
to load a Matchking bullet with a larger opening in the 
hollow point. They recognized the problem and are in 
the process of developing their own bullet for the police 
sniper that they hope will have both the accuracy of a 
match bullet and reliable performance in tissue. 

Law enforcement firearms examiners and fire
arms instructors need to inform police administrators, 
who rarely understand wound ballistics, of the danger 
inherent in using a bullet with erratic terminal behavior 
of the Matchking bullet in its present configuration. 
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DIFFERENCES IN THE WOUNDING 
BEHAVIOR OF THE TWO BULLETS THAT 
STRUCK PRESIDENT -KENNEDY; AN 
EXPERIMENTAL STUDY 
John K Lattimer, M.D.,Sc.D., Jon K Lattimer, MD., Gary Lattimer, MD., Eric 
Haubner, Columbia University, College of Physicians & Surgeons, NYC, 
Angus Laidlaw, Val Forgett, New Jersey Arms Collectors Club, Allamuchy, NJ 

On November 22, 1 963, President Kennedy 
was struck by two 6.5mm fully-jacketed military 
(Mannlicher-Carcano) bullets made (in 1954) by the 
Western Cartridge Company of East Alton, Ill. These 
two apparently identical bullets behaved quite differ
ently after striking the President. This fact elicited sur
prise comments from people who had never done actual 
duplication experiments with this exact cartridge and 
proper fresh materials 1 .  

These highly dependable cartridges were part of 
a large order from the Italian government (via our 
Army), when they had decided to refurbish their WWII 
inventory of rifles. Later, they abandoned this plan and 
these 6.5mm Carcano cartridges were sent back to the 

U.S .  and to Canada and "dumped" on the open market, 
along with large numbers of Carcano rifles. They were 
bought up and resold at very low prices by gun dealers 
throughout the west and middle-west, to go with both 
the original and a shortened version of the Mannlicher
Carcano rifle. It was at this time (Jan. 27, 1 963) that 
Oswald ordered his "shortened" rifle ("carbine") by mail 
from Kleins Sporting Goods Store in Chicago, for 
$ 12 .88 (Fig. 1 ), plus $7.07 for a 4 power Japanese tele
scopic sight, which was mounted on it by Kleins, using 
only two of the four screw holes on the mount. This 
allowed loosening of the telescope after only one hun
dred of our rounds . 

Fig. 1 :  

OSWALD BOUGHT HIS RIFLE 
FROM THIS ADVERTISEMENT 

Kleins sporting goods mail or
der store in Ch icago mounted 
the 4-power "ordnance optics" 
telescope on his rifle for $1 9.95 
total. Oswald ordered it on 
January 27, 1 963. 
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6.5 ITAL IAN 
CARBINE 
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Fig. 2 :  

OSWALD'S 
A M M U NITION 

2 0  CAATAIDOiil 
6.5 M/M MANNLICHIA·CAIICANO 
TYPE BALL 
DA-23-196-0AD-27 • 
WESTERN CAATRIDGI COMPANY 
DIVISION OF OUN IND .. INC. 
EAST ALTON, ILliNOIS 
LOT wee. ()()(}0 

2 0  CARTRIDGES 

The cartridges used by 
Oswald were an excel lent 
American-made Western 
Cartridge Company pro
duce. Four sub-lots had 
been manufactured, in 
1 954 and we tested sam
ples from all four lots. 
They had excellent con
sistency of bul let weights 
and powder weights. We 
fired about 700 rounds in 
our experiments, and 
various government 
agencies fi red about 200 
more. We had no mis
fires, nor d id the other 
groups. The cartridges 
were sold in boxes of 
twenty, and it seems 
l ikely that Oswald was 
down to his last four, 
since no more were found 
among his possessions. 
(J.K. Lattimer) 

6.5 M/M MANNLICHIR-CARCANO 
TYPE BALL 

DA-23-196-0RD-27 
Wf5TERN CARTRIDGE COMPANY 
DIVISION OF OLIN IND., INC, 
EAST A LTON, ILLINOIS 
LOT WCC-

We do not know where Oswald bought his am
munition, but it was widely available in gun shops in 
the middle-west, in its original cardboard boxes of 20 
rounds each (Fig. 2). 

There were 4 lots of 1 million cartridges each. 
We were able to purchase several boxes from each of 
the four lots, for our tests . Bullet weights ( 1 6 1  grains) 
and powder charges (44 grains, WC ball, Army lots 
408 1 6, 408 1 7) were remarkably consistent. The prim
ers were all sealed with a rim of purple lacquer and 
neither we nor any of the other groups who tested the 
ammunition had any misfires, despite its 40 years of 
shelf life. (A testimonial to the excellence ofthe Ameri
can maker). 

Our bullets showed a muzzle velocity of ap
proximately 2400 feet per second, with the usual minor 
variations, even though advertised at 2200 ftls. 

The gilding-metal jackets of these bullets were 
0 . 1 5mm in thickness, but were open on the rear end of 
the bullets, so that it was possible for the lead core to 
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2 0  CARTRIDGES 
6.5 M/M MANNLieHER·CARCANO TYPE BALL 
DA-23-196-0RD-27 
WESTERN CARTRIDGE COMPANY 
DIVISION Of OLIN IND., INC. 
EAST ALTON, ILLINOIS 
LOT wee. 600:1 

extrude through this open end, if the bullet was com
pressed or flattened (Fig. 3) .  These lead cores, while 
physically very similar, had enough chemical differ
ences to permit Prof. Vincent P .  Guinn to distinguish 
lead fragments from one bullet from those of the other, 
with certainly, using neutron activation analysis2. He 
was also able to determine that there were no lead frag
ments representing a third bullet. 

The penetrating capabilities of this round are 
excellent. For example, in wood it penetrated 47 inches 
into a sack of Ponderosa pine boards as shown by Dr. 
John Nichols .  In solid elm wood it penetrates well (25 
inches) and does not deform (Fig. 4). 

From a "bench rest," our rifle produced groups 
of 1 1 /2 inches in diameter at 263 feet (Fig. 5 )  which is 
about what the manufacturer's tests did at 300 feet. 

Oswald's rifle score book from the Marine 
Corps, which is in our collection, shows that while he 
was no "expert" marksman, he was perfectly competent 
to do what was alleged at Dallas (Fig. 6). 
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Fig. 4: 

B U L LE T 
3 9 9  

GOOD PENETRATING CAPABILITY; 
UNDEFORMED BULLET 

X-ray of a bullet l ike 399 which has trav
ersed 25 inches of a block of the tough
est elm wood, before being stopped. 
The bul let is undeformed. N ichols 
showed that this bul let can penetrate 47 
inches of ponderosa pine boards with
out being deformed. 

The bullet is also seen to be undeformed 
after it was dug out of the wood. Those 
who thought one bul let could not go 
through two men and come out rela
tively intact, never tried his kind of ex
periment. (J.K. Lattimer) 
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T E S T  
B U L L E T 

Fig. 3: 

KENNEDY- CONNALLY 
BULLET TESTS 

Bul let 399 ( left) struck Con
nal ly's fifth rib a tangential 
blow while traveling sideways, 
and was flattened to the same 
degree as we then flattened 
our test bullet (right). This 
flattening caused its soft lead 
core to extrude from the rear 
end, some of which can sti l l  
be seen (arrow). We believe 
the remainder of the extruded 
lead was scraped off on the 
Governor's radius and femur, 
since the bullet was now 
traveling almost backward at 
that point. Neutron activation 
tests bore this out. The ex
truded portions of lead from 
our test bul let weighed exactly 
2.1  grains, the same amount 
as was missing from bul let 
399. 
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OSWALD'S MARKSMANSHIP 
WAS PERFECTLY ADEQUATE TO 
DO WHAT WAS DONE AT DALLAS 

Pages of Oswald's Marine Corps 
rifle score book show that on a 
Wednesday (top), he scored forty
nine out of a possible fifty points 
at a rapid fire from a sitting posi
tion at 200 yards (more than twice 
the distance at Dal las) and did it 
with no telescopic sight. On the 
following Friday, he scored forty
eight out of a possible fifty 
(bottom). From this it is evident 
that Oswald was definitely 
marksman enough to have shot 
Kennedy as alleged. It should be 
noted that the contour of this tar
get is remarkably similar to that 
of the head and shoulders of 
Kennedy as they projected above 
the back seat of the automobile in 
Dallas, and that the rifle with 
which Oswald was trained in the 
Marine Corps. The author owns 
this rifle score book and knows it 
is in its original condition. 
(J.K. Lattimer) 
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263 FEET 
CARCA NO - SLOMI FlU 
fl;.Ut;. 2G,'' 8  J'k l 

200 YAROS RAPID 

i i i i r · t · 4 · r · t 
I I 

200 YAROS RAPID 

i 1 i i r · i · 4 · r · t 
I I 

DATE 

Fig. 5: 

ACCURACY OF CARCANO 
CARBINE 

A "bench-rest" target, showing 
the adequate accuracy of the 
Carcano carbine at 263 feet 
(the range when Kennedy was 
wounded in the head), using 
sling, rest, and prepared sit
ting position, as Oswald did. 
The group measures 1 1/2 
inches across. This is the de
gree of accuracy achieved by 
this type of ammunition, in 
production tests by the West
ern Cartridge Company. (J.K. 
Lattimer) 

HIT NQ VALUE 
5'1 

H I T  NQ VALUE 

S's \" !. 

3's 
a's 
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Our 14  year old team member (DGL) had no 
trouble putting 3 bullets in Kennedy's head, firing at 
Oswald's 5 second intervals (Fig. 7). 

In fresh soft tissue, (such as President Ken
nedy's neck) it penetrates easily, causing the usual soft 
tissue "cavity" (like a large bubble) after a few inches of 
penetration (Fig. 8). 

Entry wounds were punctate, about 1 14 inch in 
diameter, with a rim of blackened specs from the rap
idly spinning bullet (Fig. 9) . If exit wounds were 
"buttressed" (supported) by a shirt collar, as in Ken
nedy's case, the exit wound was the same small size as 
the entry wound (Fig. 1 0) .  The bullet nicked the side of 
JFK's necktie knot, leaving a blood stain on it (Fig. 1 1 ) .  
If  the next test torso was now tilted slightly, to permit 
the bullet to exit even 1 12 inch, below the collar band, 
the exit wound was larger. If the exit was one inch 
from the support of the collar band, the exit wound was 
much larger (Fig. 1 2) .  

Fig. 7 :  

NOT A DIFFICULT SHOT 

Gary Lattimer at age fourteen, could 
duplicate Oswald's marksmanship quite 
easily (albeit slightly slower), as could 
his then seventeen year old brother, Jon. 
A Carcano carbine, sling, rest, tele
scopic sight, and ammunition exactly 
l ike those used by Oswald were em
ployed by us in testing the contentions 
of the Warren Commission. Taking 5 
seconds between shots makes this very 
easy. (I .E. Lattimer, J.K. Lattimer) 
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The smallness of the exit wound in the neck 
was a source of much confusion. The actual exit 
wound was cut across for the prompt tracheotomy 
which was done at Parkland Hospital in Dallas as part 
of the essential desperation measures necessary to en
sure an adequate airway. The bullet goes straight 
through two men in the Kennedy-Connally positions. 
There is no "zig-zag" (Fig. 1 3). 

When the 6.5mm Carcano bullet leaves the soft 
tissue of the neck it starts to yaw in the air (yaw is the 
deviation of the bullet's long axis from its line of flight 
Fig. 14  A,B,C). It is not unusual for even these long 
slender round nosed bullets, which tend to be more sta
ble (remain point forward) in soft tissue than shorter 
bullets with pointed noses, to be "destabilized" by 
passing through a soft tissue target. The 6 . 5mm Car
cano is still a favorite European sporting cartridge. The 
recoil is not severe, making it an easy gun to shoot. 

26 3 Fi r + 
I �AP •� r;l H  /12 5t<.OHdC, 
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Fig. 8: 

LATTIMER DRAWING FROM 
ACTUAL X-RAY OF PRESIDENT 
KENNEDY'S BODY 

This d iagram of the neck wound is 
based on personal observations of 
the photographs and X-rays. Be
cause the National Archives re
quested that no tracing be made, it 
is not precise. Its purpose is to 
clarify the relative positions of the 
wounds in the neck and the various 
findings which together indicate 
that all were consistent with entry 
of a bul let into the upper back that 
ranged downward and medially 
through the base of the neck and 
exited low on the trachea in the 
midline, just below the collar but
ton, causing a nick in the knot of 
the necktie. The findings were: 

'. 

,,., 

A: Bul let Hole in Back of Suit Collar and Shirt. The coat and shirt were probably humped up on the back of the Presi
dent's neck when the first bul let struck him. The FBI found a punched-in round hole in the back of the coat consistent with 
6. 5mm bul let, with the broken cloth fibers bent inward, indicating that this was a wound of entry. The cloth fibers of the shirt 
were bent inward in the same manner. Traces of copper from a bul let such as Oswald used were found on the margins of this 
hole in the coat by the FBI, also indicating that it was a wound of entrance. 
B: Bul let Hole in Back. The bul let hole in Kennedy's upper back, about two inches below the crease of his neck, and about 
two inches to the right of the midl ine. It was actual ly on the large fat pad high on the back of his neck from all the cortisone 
he was taking. This places it at the level of his jaw bone, well above the wound of exit. 
c: Halo around Bullet Hole. The bul let hole had around it a faint but defi nite halo, or circumferential abrasion, typical of a 
wound of entry from a bullet. 
D: Spine grazed by Bullet. Tiny sl ivers of bone could be seen in the u pper ( rear) area of the bul let track on the A-P X-ray 
fi lm of the right shoulder and neck area. Since no lateral X-ray film was taken of this area it is possible to determine only that 
they lay near the high ( rear) end of the bul let track, but not the exact distance they lay from the surface. They were near the 
tip of the transverse process of the cervical vertebrae, which the bul let obviously grazed. They are represented diagrammati
cally only. 
E&F: Pleura and Lung Bruised. The autopsy report described a 5 em bruise on the dome of the right pleura and also on 
the upper tip of the right lung, but no perforation of either, compatible with the passage of a high-speed bul let close above this 
point. 
G: Air in Tissues. There were tiny traces of air, visible in the X-rays, in the tissues along the bul let track, near the hole in 
the trachea. 
H: Hole in Trachea. There was a ragged hole in the right side of the trachea, seen by the surgeons at Parkland. 
1 :  Tracheostomy. There was a gapping 6 .5  em transverse tracheostomy incision low on the neck where the Dallas surgeons 
had enlarged the bul let hole in order to insert a tracheostomy tube. 
J: Holes in Front of Shirt. There were 1 em vertical slits in both sides of the overlapping portion of the shirt immediately 
below the collar band and touching it just below the collar button. 
K: N ick in Necktie. There was a nick or crease through only the outer layer of fabric of the lower left side of the knot, com
patible with the passage of a spinning 6 .5  mm bul let at high speed. A bloodstain extended downward from this nick. 
(J .K. Lattimer and Jamie Lattimer, Resident and Staff Physician,  May 1 972) 
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Fig. 10 :  

BULLET EXIT HOLES IN  
SHIRT 

Fig. 9: 

BULLET HOLE IN THE BACK OF OUR KENNEDY 
MODEL NECK 

Photograph of an actual entrance wound made by a 
6.5mm fully jacketed Carcano bullet in the skin of the 
back of one of our "Kennedy" necks. It is about one
quarter inch in diameter. Note the abraded edges 
with black particles on the margins. The wound on 
the back of Kennedy's neck looked much l ike this. 
(J.K. Lattimer, M ichael Macfarlane) 
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We were able to duplicate 
the wounds of entry and 
exit in models of Ken
nedy's neck, using the 
exact type of Carcano 
rifle and Western Car
tridge Company ammuni
tion that Oswald used, 
and an aiming point on the shirt that permitted the bullet to exit in the same spot at the lower edge of the collar 
band as in the case of Kennedy. This resulted in a vertical sl it in the cloth starting at the lower edge of the collar 
band, exactly like that in Kennedy's shirt. The bullet then continued to tumble after it left the neck, striking our models of 
Connally, twenty-eight inches away, now traveling almost precisely sideways, with great consistency. (J.K. Lattimer) 

Fig. 1 1 :  

BULLET GRAZED NECKTIE AFTER 
EXIT FROM FRONT OF NECK 

Our duplication of Kennedy's neck 
wound resulted in a dupl ication not 
only of his shirt and skin wounds 
but also of the nick in the left side 
of the knot of the necktie, exposing 
the l ining.  The necktie at left is the 
actual bloodstained necktie worn 
by Kennedy and the necktie on the 
right is our test tie. (Left: National 
Archives; right: J.K. Lattimer) 
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Fig. 12 :  

THE SMALL NECK WOUND IN FRONT OF THE NECK 

The smallness of the exit wound in  the front of Ken
nedy's neck has been a point of debate from the very 
beginning. Critics claimed it was to small that it must 
have been a wound of entrance, implying another 
shooter fi ring from the front. Experimental studies, re
ported by us for the first time, revealed that the support 
of the president's collar band was undoubtedly the rea
son the wound of exit on the front of his throat was not 
larger. As this support was moved away, the exit wound 
became larger and larger. (J.K. Lattimer) 
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Fig. 1 3 :  

KENNEDY A N D  CONNALLY STRUCK B Y  THE SAME BULLET 

The white l i ne in the photograph shows the straight course of 
bullet 399 through both men ; first through the neck of Presi
dent Kennedy, in the rear seat, as his head was turned to his 
right, while waving to the crowd. Governor Connally, seated 
directly ahead of h im,  had heard the first shot, which hit a tree 
and missed the automobile completely, and was trying to 
twist around to look d irectly backward to see the President. 
He found that in spite of leaning far over to his left, and then 
placing the heal of his right hand against his left thigh to 
push, he was sti l l  unable to twist far enough around to see 
back over his right shoulder. He had his broad-brimmed 
white Stetson hat in his hand, upside down, as shown. Bul let 
399 then struck him in the right s ide of his back because he 
was twisting over so far to his left. It shattered his fifth rib, 
while going sideways and a little backward. It then exited just 
below his right nipple, went through his right wrist and travel
ing backward, embedded itself in the skin of his left thigh. 
Being a long bul let, it was knocked out on his stretcher later. 
No zig-zag course was followed. (Note: Connally was actually 
seated in a jump seat that was actually much lower than the 
President's seat.) (J.K. Lattimer, Gary Lattimer, M .M.  Macfar
lane, J .T. Donovan) 

Vol 2, No. 2 

WOUND BALLISTICS REVIEW 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

Fig. 1 4: 

NECK BULLETS 
TU MBLE AND 
WOBBLE AFTER 
LEAVING KENNEDY 
NECKS 

A neck bul let tumbles 
end-over-end 
(dependably) on leav
ing a Kennedy neck. It 
also wobbles 
(precesses) from side
to-side. These 
screens which stood 
between 3 of our sets 
of Kennedy necks, 
Connally rib cages 
and Connally wrists, 
from three of our 
Kennedy-Connally 
"mockups," show the 
variations in shape 
and orientation of the 
bullet holes after 
passing through a 
Kennedy'neck, a Con
nally rib cage and a 
Connal ly wrist: These 
explain the variations 
in the sizes of the exit 
and entrance wounds 
in Connally's back and 
in the two sides of his 
wrist. The bullet was 
still tumbling after 
traversing his rib cage 
and his wrist. It then 
went backwards into 
his thigh, where it 
made a more punctate 
wound, from which it 
fell out onto the 
stretcher. 
(J.K. Lattimer) 
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The first bullet (WC 399) to strike the Presi
dent, yawed when it left his neck, as our experiments 
have demonstrated on many occasions3 . It had hit him 
on the thick, elevated, soft fat -pad on the back of his 
neck (caused by his cortisone intake) and created a soft
tissue cavity, much like a bubble, as we said earlier, in 
the right side of his neck. This cavity might have trau
matized the web of nerves that supplies the right arm 
(called the brachial plexus) and jarred his spinal cord 
severely. The closest muscle served by these nerves 
was the President's right deltoid muscle (via his axillary 
nerve) . This caused his right upper arm and elbow to 
jerk up instantly. The next closest muscle to be stimu
lated was the right biceps muscle, via the musculocuta
neous nerve, causing his lower arm to flex towards his 
face. The farthest arm muscles where the flexors of his 
wrists and fingers, which then clinched his hands, (now 
up in front of his face) as the impulse traveled down his 
median nerve. 

As the shock wave from the impact spread 
across the mid line to his spinal cord and to the left side, 
his left arm then came up, then his left biceps contracted 
and then his left wrist and fingers clinched, just as on 
the right side, but more slowly, because of the greater 
distance across to the left side. The position his arms 
achieved due to the spinal trauma in this area was de
scribed by Thorburn, I 00 years ago, in the English lit
erature, and which I have called "Thorburn's position. "  
(Fig. 1 5  A&B). It reflects (A) the blow to the spinal 
cord in this area of the C-6 or C-7 (lower neck) spinal 
segments and the addition, (B) direct trauma to the 
nerves which leave these segments (brachial plexus) to 
actuate the arms. The shock to the spinal cord at this 
level might have left the President a quadriplegic for at 
least several days. 

As the shock spread down his spinal cord from 
the neck level of C-6 and C-7, his intercostal (rib) 
muscles (for breathing) then might have been paralyzed, 
at least for a time. His vagus nerve which influences 
the heart beat and his right phrenic nerve (controlling 
the diaphragm) might have been severely traumatized, 
further embarrassing his breathing and influencing his 
heart beat. As the impulse spread to the other side, his 
left phrenic nerve might also have been affected. 

This neurological trauma, plus the tracheal 
bullet wound leaking contaminated air into the "closed 
space" of his mediastium, in a man full of cortisone for 
his atrophied adrenal glands, could have been fatal. 

22 

(Cortisone reduces your resistance to infections . )  We 
postulated this in 1 9803. Neurosurgeon Dr. Kenneth 
Strully has concurred in this. This wound was over
shadowed, of course, by the much more dramatic mas
sive brain wound, five seconds later. 

Performing right on schedule, this intact bullet, 
as it left the neck, began to yaw, (Fig. 1 6) striking Gov
ernor Connally while traveling sideways, whose back 
was some 28 inches in front of the President, sitting in 
the jump seat of the open touring car, well below the 
level of the President. Connally had been alarmed by 
the first shot and had been twisting around to his right 
in an effort to see the President over his right shoulder, 
so that the bullet struck him on the right side of his 
back. When one tries to look backwards over the right 
shoulder, in a jump seat of such an automobile, one 
shifts over to the left in order to try to turn around. 
Connally was in this position when he received the 
wound of entrance in his back, measuring exactly 3cm 
in length (Fig. 1 7) .  This was the exact length of the 
bullet, indicating that it was now travelling sideways in 
its yaw rotation (confirmed in our experiments, Fig. 
1 8) .  It now struck Governor Connally's fifth rib, 
smashing a 5cm segment into dozens of tiny sharp rib 
fragments which now excited in a cloud of bloody soft 
tissue, with the bullet, below the right nipple of Gover
nor Connally (Fig. 1 9) .  The cloud of rib fragments 
bulged out his coat jacket on the right side and caused 
his right lapel to turn over, covering his shirt front for 
an instant in frame 224 of the Zapruder movie (Fig. 20). 

Still yawing, bullet 399 now struck Governor 
Connally's right wrist, in which he had his large white 
Stetson hat. He was using the heel of his right hand to 
press against his left thigh in an effort to try to augment 
his turn to the right to look over his shoulder. The bul
let made a 2cm wound on the back of his wrist, but by 
the time it exited his wrist the wound was still smaller, 
because the bullet was still yawing. Since it hit the 
wrist while now going somewhat backwards, the ex
truded lead on the back end of the bullet (Fig. 2 1 )  (as a 
result of the rib struck) was now scraped off on the 
bone of Connally's radius. Three such fragments were 
seen by x-ray (Fig. 2 1 )  and removed at an operation 
almost immediately by Dr. Gregory. These were shown 
later by neutron activation analysis to match the lead 
core of bullet 3992. Governor Connally's radius was 
broken completely across at this point, creating several 
small comminuted fragments of bone. The lead core 
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had been squeezed out of the rear end of the bullet by 
striking Connally's rib while traveling sideways just as 
toothpaste might be squeezed out of a tube by com
pressing the tube on the side (Fig. 22). These lead 
fragments were found by neutron activation analysis not 
only to match bullet 399, (the neck bullet) but to be dis
tinctly different from the fragments of lead from the 
head bullet, which we will describe later2. Our yawing 
experimental bullet also fractured our "Connally" radius 
and left particles on the bone (Fig. 2 1) .  

If the experimental bullet did not traverse 

Fig 1 5  A: 

THORBURN'S POSITION 

I l lustration from Dr. Will iam Thorburn's 
1889 article "Cases of Injury to the Cervi
cal Region of the Spinal Cord," showing 
the peculiar position assumed by elbows 
immediately after an injury to the spinal 
cord in the lower neck region. This was 
confirmed at autopsy shortly thereafter. 
This is the same position into which Ken
nedy's elbows flew after bullet 399 passed 
through his neck, grazing the tip of the 
traverse process of a vertebra in the lower 
portion of his neck and obviously trans
mitting an impulse to his spinal cord to 
cause this unopposed contraction of his 
deltoids, fol lowed by his biceps and hand 
flexors. (Drawing reproduced by courtesy 
of Charles Griffin and Company Limited) 

Fig 1 5  B :  

KENNEDY IN 

THORBURN'S 
POSITION 

This drawing shows Kennedy's 
elbows and forearms elevated 
and tightly flexed after his spi
nal cord was jolted severely in 
the lower cervical region by 

President Kennedy's neck first (to make it yaw), no rib 
fragments occurred, so there was no lapel bulge (Fig. 
23). 

Bullet 399, now traveling almost completely 
backwards, embedded itself in the muscles of the upper 
leg of governor Connally. Here it left a fourth tiny 
fragment of lead (never recovered) . It did not fracture 
the femur, since it had been slowed down by the Presi
dent's neck, Governor Connally's rib and wrist bones, as 
well as the soft tissues of his chest, and the clothing of 
both men, before it struck Governor Connally's leg. 

the transmitted impulse from bullet 399. This bullet grazed the tip of one of his vertebrae in the lower cervical region 
as it went through his neck. His hands are in front of his face. He is not reaching fo

'
r the bullet hole in his neck, as 

has been so often alleged. His elbows remained tightly flexed and held high for the next five seconds, unti l his brain 
was shot away in frame 313. The spinal trauma might have left him quadriplegic, at least for a time, and the trauma 
to his vagus and phrenic nerves m ight have made this also a fatal wound. (J.K. Lattimer) 
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Fig 16:  

THE PATH OF BULLET 399 

A row of 6.5mm Carcano bullets was g lued to a strip of Lucite to show the positions of bullet 399 at various points in 
its flights through Kennedy and Connally, as determined by the size of the bullet holes. Visualizing the bullet's path 
in this way made it easier to understand why the lead fragments were found only toward the end of its rotation, when 
the bul let was then traveling backward through Connally's wrist. These bullets almost always tumbled under these 
conditions. 

A. The wound of entry into the back of Kennedy's neck was almost round and approximately 6.5mm in diameter (1/4 
inch), with a black rim characteristic of a wound of entry. The bul let then grazed the tip of a vertebra in the Presi

dent's neck, knocking off bits of bone. 
B. The wound of exit from Kennedy's neck was destroyed by the tracheostomy incision, but was not very large 
(according to testimony of Dr. Perry). 
C. The wounds of exit in the front of Kennedy's shirt were 1/2 inch long in a vertical direction, in both layers of the 
overlapping part of the shirt front. 
D. The wound of entry into Connally's back was 3cm long (1 1 /4 inches, the exact length of bullet 399) and was ap
proximately twenty-eight inches away from Kennedy's neck, ind icating that the bullet had yawed 90°. 
E. The wound of exit from the front of Connal ly's chest, below the medial to his right nipple, was large and ragged, 

measuring about Scm in diameter. 
F. The wound of entrance into the top of Connally's wrist measured three quarters of and inch in length, showing 
that the bullet was now turned almost enti rely around, so that it was now traveling almost backward. It shattered his 
radius and left three fragments of lead in  it, scraped off from its open rear end, where the lead was exposed. 
G. The wound of exit from the underside of Connally's wrist measured only one-half inch in length. (The bullet was 

sti l l  turning.) 
H. The wound of entrance into the top of Connally's left thigh measured about three-eighths of an inch and looked 
punctate, indicating that the bullet had practically completed its 180-degree yaw. One fragment of lead was left in  
this wound. (J.K. Lattimer and Jamie Lattimer) 
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Fig 17:  

Mr. SPECTER. Would you draw, Dr .  Shaw, right a bove the shoulder a s  besr 
you can recollect, what that wound of entry appeared at the time you firsr 
observed it ? Would you put your il\itials right beside tha t ?  

( The witness, Dr. Shaw, complied with the request o f  Counsel S pecter. ) 
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Mr. SPECTER. A s  t o  the wound o n  t h e  back o f  Governor Connally, was there 
any indication that the bullet was tumbling prior to the time it struck him? 

Dr. SHAw. I would only have to say that I'm not a ballistics expert, but the 
wound on his chest was not a single puncture wound. it was long enough so 
that there might have been some tumbling. 

Mr. SPECTER. You mean the wound on his back? 
Dr. SHAW. The wound on his back-yes, It was long enough so that there 

mighe have been some tumbling. In other words, it was not a spherical puncture 

wound. 

Mr. SPECTER. You say the hole which appears on Governor Connally Is just 
about the size that It would have been on his body ? 

Dr. SHAW. Yes ; It is drawn In good scale. 
Mr. SPECTER. In good scale to the body ? 
Dr. SHAW. Yes. 

DR. SHAW'S TESTIMONY 

Dr. Shaw initialed and described his careful drawing depicting the wound of entry into Connally's back, showing it as 
3cm long. He later attested to its accuracy under oath. (Warren Commission Report, Volume Six, Pages 86 and 95 
(text) and Volume Seventeen, Page 336, Exhibit 679 (drawing), National Archives) 
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Fig 18:  

YAWING OF CARCANO BULLETS AFTER STRIKING KENNEDY NECKS 

Five cardboard skins simulating Governor Connally were placed the same distance from Kennedy's neck as Connally 
was seated in the automobile in front of the President. The Carcano bullets that made the holes in these targets had 
passes through a simulation of Kennedy's neck, striking only soft tissues. Five of the six bullets yawed 90° after 
leaving the neck and struck Connal ly's skin traveling almost sideways. Only one bul let failed to yaw (4A). Four of 
the bullets yawed in a vertical plane, whereas number 3 yawed in an almost horizontal plane. The presence or ab
sence of a shirt collar and neck tie made no difference in the amount of deflection or yaw. These results confirmed 
our previous observations that these bullets almost always yawed after passing through a neck. (J.K. Lattimer) 

Fig 19 :  

SEGMENT OF "CONNALLY" R IB  REMOVED (SHATTERED) BY YAWING NECK BULLET 

The rib wound caused by our yawing Carcano bul let in our Connally mockup. The blast of fragments from this rib 
bulged out of the jacket and turned over the right lapel as seen in Fig. 20. If the bullet had not hit Kennedy and 
therefore not been yawing, it would not have created this jacket bulge nor this large rib wound, as additional experi

ments showed. (see Fig. 23) 
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Fig 20: 

LAPEL AND 
JACKET BULGE 
(FRAMES A & B) 

As our bullet 399 passed through our Governor Connally simulation, the jacket front was bulged out at least 6 i nches 
by the blast of rib and soft tissue fragments which exited with the bullet. Some of this debris can be seen hanging in 
the air in front of Connal ly. He said he looked down and saw his front covered with blood and realized he had been 
shot "through-and through," possibly fatal ly. In frame B from this composite the turned-over lapel can be clearly 
seen snapping back to its normal position, after one tenth of a second. This bulge occurs in frame 224 of the 
Zapruder movie. The right arms of both Kennedy and Connally react immediately and simultaneously, marking the 

moment they were both hit, by bullet 399. 

Fig 21 : 

CONNALLY'S WRIST WOUND 
SIMULATED 

Our radius (wrist bone), which 
was mounted in front of the la
pel of "Connally's" jacket, was 
struck about where the Gover
nor's radius was struck, but 
more centrally. Tiny fragments 
of lead (arrows) were scraped 
off the extruded soft gray lead at 
the bottom of the tumbling bul
let and were left in the wound of 
the wrist, as with Governor 
Connally's wrist. The bullet, 
which we caught in our bul let 
trap, was somewhat flattened 
and bent and had soft gray lead 
protruding from the rear end of 
it, l ike bullet 399. The roent
genograph of our test wrist is 
mounted beside the roent
genograph of the wrist of Con
nally, for a comparison showing 
the fracture and the fragments 
of lead (arrows) in each case. 
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THE NECK-RIB-WRIST BU LLET IS ALWAYS DEFORM ED 

The flattening of the base of our bul let (left) from stri king our "Connally" bones was very m uch l ike that of Warren 
Com ":'ission bullet 399 (rig ht). Note the protrusion of the soft lead core of our bullet (left, large arrow) and of bullet 
�99 (r1g�t, lar�e arrow). More of the lead from bullet 399 was scraped off in Governor Connally's wrist and leg than 
m our s1mulat1on. Also note that both bullets are bent (side arrows). These bullets (l ike 399) are never "pristine" 
after hitting ribs, while travell ing sideways. 

--

Fig 23: 

DIRECT HIT ON GOVERNOR CONNALLY GAVE NO JACKET OR LAPEL BULGE 

If the bullet did not traverse President Kennedy first, no jacket or lapel bulge occurred. The resulting rib wound was 
smaller (A), the exit holes in the front of Governor Connally's shirt (B) and jacket lapel (C) were tiny, if caused by this 
bullet, which struck Governor Connally directly, without hitting President Ken nedy's neck first. Therefore, the bullet 
was not tu m bling (from hitting Kennedy first), so it did not shatter the Connally rib, causing the hundreds of sharp 
flying bone fragments. Therefore, it did not bulge the lapel of the jacket worn by Governor Connally. This affirms 
the fact that bullet 399 had to hit both men to cause the bu lge of the lapel in the governor's jacket, which can be seen 
so clearly. 
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OUR BULLET THAT HIT OUR "CONNALLY" 

RIBS AND ARM BONES DIRECTLY , ALWAYS 

SHATTERED OUR CONNALLY LEG BONES = 

Fig 24: 

PASSING THROUGH A NECK 
SLOWS THIS BU LLET DOWN 

Above: Our experimental Connal ly 
leg bone (bottom bone in these pic
tu res), called the femur, (the largest 
bone in the body), was always shat
tered , after our Connally rib (top 
bone) and arm bone (middle) were 
traversed if the bullet had not been 
slowed down by going through a 
neck first. (J . K. Lattimer) 

Below: When the bullet traversed an 
experimental (JFK) neck, it was 
slowed down, it tumbled, and did not 
shatter the leg bone. Since Con
nally's leg bone was not shattered, 
the bul let that hit him must have hit 
something else first, such as Ken
nedy's neck, to slow it down. 
(J.K. Lattimer) 

This bore out our earlier experimental findings, 
wherein a bullet that struck and shattered a Connally rib 
first and then a Connally wrist, would also shatter a 
Connally femur (leg bone) . However, if the bullet had 
first traversed a neck, (like that of President Kennedy) 
and then a Connally rib and a Connally wrist, it would 
not shatter the Connally femur (Fig. 24). (This is ex
actly what happened at Dallas, in that Connally's leg 
was not shattered by bullet 399). It had been slowed 
down by traversing the President's neck. This indicated 
that bullet 399 had hit both men. 

Different Behavior of the Head 
Bullet (WC 567-569) 

By contrast, the performance of the bullet (WC 
567-569) that now (5 second later) hit President Ken
nedy on the back of the skull, at frame 3 1 3  of the 
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OUR 'BULLE.T THAT \-lENT THROUGH A "JFK" 

NECK DID NOT SHATTER OUR "CONNALLY" 

LEG BONE, EVEN THOUGH IT SHATTERED 

"HIS" RIB &. ARN BONES . 

Zapruder movie, was strikingly different from the be
havior of bullet 399. The reason for this marked differ
ence was the fact that bullet we 567-569 first hit the 
hard bone of the back of the skull of President Kennedy 
and broke up. 

The greatly increased surface area of the bro
ken bullet and its fragments caused a large temporary 
cavity to occur in the semi-fluid brain, which, being 
confined in the cranial vault exploded upward and for
ward, out the huge wound of exit on the front-right of 
the skull caused by diverging bullet fragments.  Our 
replications demonstrated this "upward and forward" 
movement of the skull fragments and brain tissue (Fig. 25). 

The lead core and the gilding metal jacket sepa
rated on contact with the skull, (Fig. 26) leaving a 
6 .5mm fragment sheared off by the sharp edge of the 
bone at the point of impact. The entry wound on the 
inside of the skull showed the typical "bevelling" of the 
inner end of the skull wound, where the hole was much 
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larger than that of the outer end of the wound, as is 
characteristic of wound-of-entrance in bone. The bro
ken bullet scattered dozens of tiny fragments of lead 
along the track of the bullet from back to front through 
the brain (Fig. 27). Fragments several millimeters in 
diameter were embedded in the inner surface of the front 
side of the skull, adjacent to the bullet track (Fig. 28 AP 
& LA T). All the fragments of lead removed from the 
President's head and found on the floor of the Presiden
tial automobile, matched this bullet and not bullet 3 99. 
There were lead fragments from 2 bullets and 2 bullets 
only, by neutron activation analysis2• 

A "beveling" of the wound of exit on the front 
of the skull was also observed and 3 segments of skull 
could be seen in the Zapruder movie, spiraling upward 
and forward away form the head, with a cloud of ex
ploding brain substance, immediately after the impact, 
just as in our experimental replications (Fig. 25) .  These 
flew 40 feet in the air and were recovered from the 
pavement and infield, later. 

Fig 25: 

SECOND BULLET 
STRIKES THE HEAD 

Upward and forward motion of the brain 
substance and skull fragments is seen in 
h igh speed motion pictures of one of our 
heads exploding. The course followed is 
almost a duplication of that of the Presi
dent's brain and skull exploding in frame 
313 of the Zapruder movie. Fragments of 
skull and a cloud of brain tissue can be 
seen, driven forward and up, away from his 
head, by the impact of the bullet. The 
pieces of skul l  can be seen ten or twelve 
feet in the air in frame 313,  but they flew 
thirty or forty feet in the air during our ex
perimental replications of this event (seen 
here) and probably flew as high 
as this in Dallas. The cloud of vaporized 
brain tissue that occurred in our experi
ments was so large that it is not surprising 
that, in the actual event, the motorcycle 
police escort, just beh ind the car, rode for
ward into this cloud of exploded brain tis
sue, which wet their fronts as it descended. 
Governor and Mrs. Connally both spoke in  
their testimony about being spattered with 
Kennedy's brain tissue, in fragments as 
large as a fingernail . (J.K. Lattimer) 
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Almost the entire right hemisphere of the brain 
was removed by the bullet (Fig 28 A&B, 29 A&B, 30). 
This is exactly what our test bullets did when we repli
cated the skull and brain wounds on our experimental 
models. Fragmentation of our skulls was extensive in 
every case, (Fig. 3 1 ,32) with upward and forward ejec
tion of brain material and skull fragments, just as 
shown in the Zapruder movie in frame 3 1 3  and subse
quent frames (Fig. 25) .  This difference in reaction after 
impact on bone, in contrast to the impact on soft tis
sues, was consistent. It happened dependably in our 
replication (Fig. 25). 

Retro-recoil of the Head 

Backward retro-recoil of the skulls, towards the 
gun, then occurred in our simulations, just as in JFK's 
case. Dr. Luis Alvarez had demonstrated this reaction, 
using melons, earlier4. Our experiments with skulls and 
Oswald-type bullets, verified his findings (Fig. 33) .  
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Fig 26: 

SKULL BULLETS 

Top: The two largest fragments of the 
bullet (top) that struck Kennedy in the 
head, separated into an empty copper 
jacket, left, and a lead core, right. The 
jacket bore markings from the rifling of 
Oswald's rifle, showing that it was 
fired from this rifle, to the exclusion of 
all other rifles. Both fragments were 
found in the front-seat area of the 
presidential automobile, apparently 
having struck the inside of the wind
shield and its frame at greatly reduced 
velocities before dropping. Other tiny 
fragments were found in  the Presi
dent's brain case and on the floor un-
der the jump seat of the automobile. 
Neutron activation tests showed that 
al l  these came from the same bullet 
that struck the President's head. Sti l l  
other fragments are shown to have 
flown over the windshield and struck 
the ground or pavement ahead of the 
car. The lead cores usually separated 
from the copper jackets, as in Oswald's 

K � N N E D Y  H E A D  B U L L E T  

S H O W I N �  C O M P L E T E  S E P A R A T I O N 

OF J A C K E T A N D  C O R E  OF 6 . 5  
MM W E S T E R N  C A R C A � O  � O U N D  

O L I V I E R S K U L L  T E S T  B U L L E T  

S H O W I N 3 C O M P L E T E  S E P A R A T I O N ,  

W I T H 6 , 5  MM W E S T E R N  C A R C A N O  

R O U N D .  

L A T T I M E R  S K U L L  T E S T  B U L L E T  

S H O W I N G S I M I L A R  S E P A R A T I O N 

OF J A C K E T  F R OM C u R E  O F  6 , 5  
MM W E S T E R N  C A R C A N O  R O U N D . 

head bullet (top), Olivier's head bul let (middle) and Lattimer's head bullet (bottom). Striking the hard bone of the 
skull first, disrupted the bullet. Numerous tiny particles of lead also occurred on impact with the skull, leaving a trail 
of particles in the right half of Kennedy's head, (see Fig. 27 and Fig. 29). All three bulle.ts were 6.5mm Western 
Mannlicher-Carcano rounds. (Bottom: J.K. Lattimer; others: National Archives.) 

Fig 27: 

SKULL BULLETS 
FRAGMENTED 

Many tiny particles of 
lead from the disinte
grated bullet core were 
deposited in the right 
side of JFK's brain case 
(Fig. 24) and in our 
skulls and bullet traps. 
Many additional parti
cles were l ike grains of 
sand, seen in x-rays of 
our bullet traps. 
(J.K. Lattimer) 
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Fig 28 A: 

KENNEDY'S HEAD 
X-RAY FROM THE 
FRONT 

Computer-enhanced X-ray of Ken
nedy's skull seen from the front, 
showing the defect in the top-front 
of the right side of his head. There 
are extensive fracture l ines radiat
ing from the point of entrance. The 
white dots are bullet fragments, the 
largest of which is close to the 
point of entry. Note that these bul
let fragments are all l imited to the 
right side of the brain case. 
(National Archives) 

Fig 28 B: 

X-RAY OF 
PRESIDENT'S HEAD 
FROM THE SIDE 

Computerized enhancement of 
Kennedy's skull X-ray, prepared for 
the House Assassinations Commit
tee. It shows the type of fragmen
tation of the skull which reassured 
me that it was indeed compatible 
with that to be expected from the 
powerful type of bullet Oswald 
fired. The white dots in a row 
across the top of the skull are bul
let fragments, indicating the ap
proximate path of the bullet. 
(National Archives) 
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Fig. 29 A 

A DRAWING OF 
KENNEDY HEAD 
WOUND BASED ON 
A DETAILED STUDY 
OF THE ACTUAL X-RAYS 

This diagrammatic drawing clarifies the relative sizes and positions 
of the various components of the head wound, the locations and ap
proximate sizes of the bullet fragments and the tissues, and the 
magnitude of the damage. It shows that the extent of the damage to 
the head was appropriate to the considerable power of the weapon 
the Warren Commission alleged was used by Oswald. 
A: The wound of entry. The ovoid wound of entry was fairly high 
up on the back of the skull, well above the hairline, where the skull 
starts to curve forward, and about 1 0cm above the occipital tuberos- " -

ity. (Oswald came within a few centimeters of missing the Presi-

J F K  A s s a s s i n a t i o n  

dent.) The hole in the inner margin of the wound was characteristi- r;�-
cally larger than the hole in the outer layer of the skull. Large 
cracks in the skull radiated from this point. 
B: This po ints to a bullet fragment shaved off by the sharp edge of the s kull. A fragment (6.5mm in diameter) of the bul
let was sheared off by the sharp edge of the thick wound of the skull and was embedded in the margin in the wound of en
trance. This fragment was the largest one left in Kennedy's head. 
C: Large wound of exit on top of skull. A pentangular portion of the top of the skull, (roughly 1 5cm X 13cm) exploded up
ward and forward due to the power of this destructive bullet and was forced 40 feet in the air by the explosion of the brain. 
D,E,F: Fragments of the skull. Three fragments of skull picked up in the street in Dallas account for the majority of area of 
bone that was missing and were clearly the fragments seen leaving the head in a forward and upward direction in frame 3 1 3 of 
the Zapruder movie of the shooting. 
G: Everted flap of skull and scalp. An additional flap of skull appeared to be turned outward and was hanging down in 
front of and above the right ear, but had not become detached. It had 3 tiny metal fragments embedded in it, each about 1 to 
2mm in size. 
H: Cluster of fragments. An elongated (4cm) cluster of about 1 9  tiny fragments of bullet in the front of the head was scat
tered along a line from the front edge of the large head wound of exit back in the direction of the wound of entrance. Four or 
five similar tiny bullet fragments were embedded in the bone near the front edge of the wound of exit and a "half-round" 1 em 
notch in the corner of the largest loose fragment of skull also had a crescent of tiny metal particles surrounding it. 
I: Bullet fragments in the front of brain. The second-largest metallic fragment (7mm X 3mm but crescentic) had come to 
rest in the front margin of the brain just above the top of the frontal sinus on the right. A neutron activation analysis showed 
that this fragment came from the same bullet that struck the inside of the windshield and fell into the seat. Several other tiny 
bullet fragments are scattered between the wound of entry and the wound of exit. There were no metallic fragments on the left 
side of the brain case. All the metallic fragments on the right side were in line between the wound of entry and the top of the 
frontal sinus, and the majority were in the front and top of the brain case. 
J: Huge s kull fracture lines. Multiple huge fracture lines extended from the margins of the large wound of exit and others 
from the wound of entrance. These were compatible with the great force exerted by a heavy ( 1 6 1  grain) high-speed (2400 feet 
per second) military bullet on a thick part of the skull, and if we had not found them, it would have raised doubts that Kennedy 
might have been shot with some other, less powerful type of weapon. These multiple, devastating fractures in the base of the 
skull were very much in keeping with the type of weapon used by Oswald. 
K: Notch in front of scalp wound. 
L: Tiny bullet fragments scattered through the head. Other fragments flew high enough to go over the windshield and 
down the street, while still others hit the inside of the windshield and fell into the front seat of the automobile.(J.K. Lattimer) 
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Fig 29 B :  

LATTIMER DRAWING FROM ACTUAL X-RAY 
OF PRESIDENT KENNEDY'S HEAD -
LOCATIONS OF THE BULLET FRAGMENTS IN 
THE PRESIDENT'S HEAD 

A diagrammatic sketch made from an A-P x
ray of Kennedy's head, shows that the loca
tions of all the metal l ic fragments were con
fined to the right side of his brain case, and 
that there were no wounds not connected to 
the principle wounds in the right side of the 
head. Letters identifying various compo
nents of the wound are correlated with the 
letters in Fig.29A 

Fig 30 : 

PRESIDENT KENNEDY"S 
BRAIN WOUND 

Drawing of Kennedy's brain 
after removal of the brain, 
made for the House of Rep
resentatives Select Com
mittee on Assassinations, 
showing that a very large 
portion of the right hemi
sphere had been shot 
away. There was no pos
sibil ity that he would have 
survived such an extensive 
wound. In effect, he was 
kil led instantly by the skul l  
bul let in frame 313.  
(National Archives) 
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Fig 31 : 

DUPLICATION OF 
JFK SKULL WOUND 

When we struck our 
heads at the same 
spot where the 
President's skull 
was struck, the 
wound was dupli
cated very closely. 
Fragments of skull 
flew upward and 
forward (see Fig. 25) 
just as his did in 
Zapruder frame 313.  
The fragments flew 
30-40 feet in the air, 
as at Dallas. 
(J.K. Lattimer) 
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Fig 32: 

SEVERE SKULL 
FRAGMENTATION FROM 
KENNEDY TYPE BULLETS 

X-rays of the tops of several of 
our skulls show the degree of 
fragmentation caused in  each 
instance by the bursting effect 
of the h igh pressures created 
within the simulated brains, 
caused by these 6.5mm Car
cane fully-jacketed mi l itary 
bullets. This is the degree of 
fragmentation I had expected 
to see, based on my experi
ence as a military surgeon in 
WWII (this was a WWII rifle). 
(J.K. Lattimer) 
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J F K H E A D  WOU N D  
PHA S E  I 

Fig 33: 

EXPLOSION OF BRAIN WITH RETRO-RECOIL OF HEAD 

PHASE JI 

--=-�� \ i ?':''( - - . '=�)=--'" .' 
� � , ._"' r ·-; JJ cs. -

J e t  retro - r e co i l ( a rrow ) to rea r - l eft,  oc
cu rs as m o r e  bra i n  t i ssue e x p l o d e s  out 
t h r o u g h  Io rge w o u n d  of e x i t  on r i g h t - front 
of h e a d  

Backward motion of the head, towards the gun (after an in itial forward lurch). This is  a jet-recoi l  from the mass of 
heavy wet brain substance which explodes out forward, through the larger wound of exit on the front-right of the 
President's head simulation (3 examples). Note the cloud of vaporized brain substance (mixed with white paint, to 
improve visibi l ity) hanging in the air to the left of the President. A motorcycle policeman rode into this wet cloud 
and was covered with brain substance, as were the Connal lys. 
Because the exit wound is in the right side, it also drives JFK over towards his left (towards Mrs. Kennedy) where he 
falls down on the seat. She rises to one knee to let him fall where she had been sitting. Then the car jerks forward 
and throws her out ful l  length on the car trunk. 
Note that as the exiting bullet fragments diverged (as in the d iagram) some hit the partition between the seats and 
fell to the floor, and other fragments hit the windshield and dropped to the floor near the driver. Sti l l  others went 
over the windshield and down the street, to kick up dust in a spectator's face. 
Figure from Kennedy and Lincoln, Medical and Ballistic Comparisons of Their Assassinations copyright 1980, John K. 
Lattimer, reproduced by permission Harcourt, Brace, Javanovich 
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Summary 

By experimentation, we found that the interest
ing differences in the performance of the two 6.5mm . 
fully jacketed Mannlicher-Carcano bullets that struck 
President Kennedy were clearly due to the fact that one 
(WC 399) first impacted the soft tissue of the Presi
dent's neck, which it traversed without deformity. This 
intact bullet then yawed striking Governor Connally 
while traveling sideways . It was bent and flattened 
from striking Governor Connally's rib in this position. 
It then perforated his right wrist and entered his left 
thigh, now traveling backwards, and was stopped by his 
femur. Anyone who says this bullet is "pristine" is ly
ing to us. It is deformed (bent and flattened) by great 
force (Fig. 20). 

Bullet (No. WC 567-569) which struck the 
President on the back of the head, broke up because of 
the hardness of the skull, with the immediate transition 
into the soft tissue ofthe brain (Fig. 3 1  & 32). 

It should also be noted that when our tumbling 
bullets struck a rib of Governor Connally, after travers
ing the neck of President Kennedy, a cloud of rib frag
ments exited under exited under Connally's right nipple 
area and pushed his suit jacket markedly forward, 
bulging out at least 6 inches, in an obvious and gross 
distortion. Immediately following this bulge of Con
nally's jacket and the turning over of his lapel, in frame 
224 of the Zapruder movie, the right arms of both the 
President and Governor Connally reacted instantly and 
simultaneously. Kennedy's right arm came up into 
"Thorburn's position" and Connally's right arm 
(containing his big white Stetson hat) jerked upwards, 
because of the wound of his right wrist. His white hat 
becomes obvious in frame 225,226,230 of the Zapruder 
movie. We also found, in our experimental models, that 
if we did not fire the bullet through a Kennedy neck 
first, it did not tumble. Then when it struck Connally's 
rib, it did not shatter the rib but instead it "drilled a 
small hole through it. Since there were no rib fragments 
to bulge out the jacket, this bullet did not cause the 
jacket bulge nor the lapel turnover. This was a further 
indication that both men had to have been hit by the 
same bullet in order to cause the lapel and jacket bulge 
which occurred in frame 224 of the Zapruder movie 
(Fig. 20). 
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Having identified the frame (Z.224) at which 
the bullet went through the two men, one can then count 
(Zapruder movie frames) backwards to the frame where 
Connally and others look around towards Oswald's 
window in response to hearing the first shot (which hit a 
tree and misses the car completely) . This interval turns 
out to be 3 1 /2 seconds; adequate time for Oswald to 
work the action of his gun and re-acquire his target. 
When one counts forward, from the neck wound at 
frame 224, to the head explosion at frame 3 13, this is 5 
seconds . This is plenty of time for Oswald not only to 
work the action of his gun but to take 2 additional sec
onds to lock onto the back of President Kennedy's head, 
which he did so accurately. We found this easy to re
produce with 8 1 /2 seconds of time available. 

It is our conviction that the only way one can 
determine what actually happens in situations like this 
one in Dallas is to conduct detailed and repeated ex
periments using duplicates of the actual ammunition, 
weapons and fresh tissues. Our findings, enumerated 
here, lead us to believe that the differences in the behav
ior of the two bullets (neck bullet we 399, and head 
bullet we 567-569) were to be expected, due to the 
differences in the tissues struck. That bullet 399 that 
went through both men at frame Z224 is obviously de
formed. It yawed, but took a straight (not a "zig-zag") 
trajectory between the two men. That both Kennedy 
and Connally were hit by bullet 399, in frame 224 of 
the Zapruder movie showing that Oswald had plenty of 
time to do his deed. 
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TESTS PROVE THAT THE " PRISTINE 

BULLET" DOES NOT SUPPORT A JFK 

ASSASSINATION CONSPIRACY 
Martin L. Fackler, MD 

ABSTRACT 

PURPOSE -- To show that a 6.5mm full metal jacketed 
(FMJ) Mannlicher-Carcano bullet, traveling at the 
approximate speed ( 1 000- 1 1 00 ft/s) it would have 
possessed after perforating the junction of the neck and 
torso of one adult human, and the chest of another, 
would perforate a human radius bone just above the 
wrist without becoming deformed. 
METHOD -- Bullet velocities were measured while 
lowering powder charges until the appropriate powder 
charge was obtained. Cadaver forearms were then shot 
at this lowered velocity and bullets were caught in a 
bullet trap . 
RES ULTS -- One bullet traveling at 1 108 ft/s and one 
at 1 335 ft/s perforated cadaver radius bones and were 
caught in the bullet trap . Neither bullet had any 
deformation whatsoever, except for rifling impressions . 
CONCL USIONS -- The FMJ Italian military 6 .5mm 
Mannlicher-Carcano bullets perforated cadaver radius 
bones traveling at (or slightly higher than) the 
approximate velocity they would have had when 
striking Governor Connally's wrist and remained truly 
"pristine" undeformed bullets. 

INTRODUCTION 
In early 1 992, I received a call from John 

Kecker, a San Francisco attorney with whom I had 
become acquainted socially while I was Director of the 
Wound Ballistics Laboratory at the Letterman Army 
Institute of Research on the Presidio of San Francisco. 
He asked if I would consider testifying as a witness for 
the prosecution in a moot trial "People v. Lee Harvey 
Oswald" to be put on by the American Bar Association 
(ABA) at their annual meeting in San Francisco in 
August 1 992. He stated that Failure Analysis 
Associates of Menlo Park, CA, had agreed to work on 
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the case and to provide resources for me to do, in 
collaboration with them, any experiments I felt 
indicated in preparing for the case. I agreed to work on 
the case when I found out that these resources included 
cadaver forearms so that we could do an experiment 
that I had thought for many years would be a useful 
confirmation of the work done by Dr. John Lattimer1 : 
shooting the FMJ 6 .5mm Mannlicher-Carcano bullet 
through the distal radius bone of a cadaver forearm at 
the approximate velocity it would possess after first 
passing through the junction of President Kennedy's 
neck and his torso and through the chest Governor 
Connally. 

The reason for this experiment was to disprove 
the assertion by one of the foremost "conspiracy 
theorists," that a full metal jacketed bullet could not 
have passed through Governor Connally's distal radius 
without becoming more deformed than the recovered 
bullet2• This "conspiracy theorist" claimed that the US 
Government's own studies proved that the Carcano FMJ 
bullet would be deformed by perforating the distal end 
of a radius bone, referring to studies done at Edgewood 
Arsenal in which a 6.5mm FMJ Carcano bullet was 
shot through a cadaver forearm, just above the wrist, at 
the distance Governor Connally was from Oswald's rifle 
when he was hit. This shot was made directly into the 
wrist without any intervening target and was 
considerably deformed in the process .  The "conspiracy 
theorist" apparently did not recognize, however, that the 
deformation of the Edgewood bullet confirms that the 
relatively undeformed (so called "pristine") bullet that 
perforated Governor Connally's wrist had to be 
traveling considerably slower than if it would have been 
a direct shot. The only rational explanation for this 
velocity loss was that it had to have passed through 
something prior to striking Governor Connally's wrist. 
This was presented by the persons at Edgewood Arsenal 
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who did the study as proof that the so called "pristine" 
bullet in question passed through the torsos of both 
President Kennedy and Governor Connally before 
striking the wrist. 

METHODS 
We set up each cadaver forearm, palm down, 

on a plywood board that we could fix at an angle and 
reproduce the approximate downward angle of Oswald's 
bullet fired from the sixth floor of the Texas School 
Book Depository building striking President Kennedy 
and Governor Connally at a distance of about 1 90 feet. 

We shot at a distance of ten feet, through the 
three "skyscreens" of an Oehler Model 35P Chrono
graph, and caught (or attempted to catch) the bullets in 
large cardboard boxes filled with sawdust.* 

I removed the Italian military 6.5mm 
Mannlicher-Carcano bullets with an inertia bullet 
puller, measured the powder charge, reduced it sys
tematically using a Redding powder scales and reloaded 
the bullets with a hybrid reloading tool I had rigged for 

Figure 1.  

the purpose. After we got velocity we were seeking, 
1 000- 1 1 00 ft/s, we did the shooting into the cadaver 
wrists . 

We used Italian military 6.5mm Mannlicher
Carcano bullets, the same ones I had used previously to 
develop the wound profile of this bullet (Fig. 1 ), but not 
the one used by Lee Harvey Oswald. In all of Dr. 
Lattimer's experiments he used the same kind of 6.5mm 
Mannlicher-Carcano bullets made by the Western 
Cartridge Company that Oswald had used. 

RES ULTS 

The bullets from two "good" hits in the forearm 
curved in the sawdust and were lost when they exited 
the side of the boxes . We did, however, obtain two hits 
through the cadaver radius, near the wrist, about an 
inch from its end (confirmed by x-ray), in which the 
bullets were caught in the sawdust: one at a velocity of 
1 108 fils and the other at 1 335 fils. Both of these 
bullets were found to be absolutely undeformed (truly 
"pristine") except for the rifling marks . 

·, 
T•mpor•r� c.. � u ,-�·· , 
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Wound profile created by the 6.5 Mannlicher-Carcano full metal jacketed bullet. This bullet does not deform, and 
penetrates an average of 6 1  em in tissue, before beginning to yaw: this accounts for its very deep penetration. Had 
this wound profile been available at the time of the investigation into the JFK assassination it should have allayed 
any doubt about the capacity of a single 6 .5mm bullet to have passed through the junction of President Kennedy's 
neck and his torso, then continue through the chest of Governor Connally, then pass through Governor Connally's 
wrist (including the distal radius) before penetrating his thigh. --------------------------------------------� 
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DISCUSSION AND CONCL USIONS 

Our purpose was to prove the fallacy in the 
claim of the "conspiracy theorists" that the human 
radius near its end could not be perforated by a FMJ 
bullet without causing that bullet to be deformed. Our 
results show clearly the fallacy in this claim. Our 
purpose was not to reproduce the shot which hit both 
JFK and Governor Connally: to do that we would have 
had to shoot the bullet backwards, since this bullet turns 
over during tissue penetration, as shown in its wound 
profile (Fig. 1 ), and as it did while traversing the chest 
of Governor Connally, thus striking his wrist traveling 
base forward 1 .  

To estimate the striking velocity of the 6 .5mm 
Carcano bullet as it struck Governor Connally's wrist, I 
took into account the amount of velocity the bullet lost 
in the air before it reached President Kennedy, the 
length of tissue travel in both JFK and Governor 
Connally, and the density and toughness of the tissues 
perforated. I then consulted several wound ballistics 
papers which reported velocity losses of various bullets 
after perforating measured lengths of various parts of 
living anesthetized animals .  Since none ofthese reported 
animal shots had been made with long, stable, round 
nosed bullets such as the 6.5mm Carcano, I completed 
my averaging and interpolations using the ballistics 
formula to determine projectile retardation coupled with 
information about factors assigned to various bullet 
nose shapes in that formula. The estimate I arrived at 
was 1 000 to 1 100 ftls. I would not argue with any es
timate that was outside these limits by up to ± 150  ftls. 

The thickness of the outer (cortical) layer in 
human long bones is thick in mid-shaft but becomes 
quite thin near the joint surfaces at both ends of the 
bones. War surgery reports of wounding by the long, 
round nosed, first generation military FMJ bullets (to 
which the 6.5mm Mannlicher-Carcano belongs) showed 
that wounds near joints in the extremities with these 
bullets produced little disruption3. Given these 
undeniable facts it is difficult to understand the 
rationale behind the "conspiracy theorists" claim that 
the bullet that perforated Governor Connally's would 
have to have been deformed. Although logic alone 
should have sufficed to prove them wrong, our 
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experimental results should put the last nail in the coffin 
of this fallacy. 

* NOTE: I advised Failure Analysis Associates to 
obtain a large trash can and fill it with mechanic's waste 
and rags for use as a bullet trap in this study (this 
worked well for Dr. Lattimer in catching the 6 .5mm 
Mannlicher-Carcano bullets - see his article in this 
issue). Instead, they provided cardboard boxes 
containing dry sawdust. I was told that their CEO, who 
considers himself a ballistics expert, had told them to 
use the sawdust in cardboard boxes in lieu of the trash 
can of rags. 

Sawdust has been used to catch bullets: Dr. FW 
Mann discusses it in his book, The Bullet's Flight 
(published in 1 909 -- Wolfe Publishing Co. of Prescott, 
AZ, published a facsimile edition of this book in 1 980) -
- but he used oiled sawdust. I am unaware of any 
researcher who has reported using dry sawdust as a 
bullet trap . Oiled sawdust requires a considerably 
longer distance to stop bullets than does fabric: IWBA 
member Merrill Martin has a ten foot long oiled 
sawdust box in his shooting range in Emeryville, CA. 
Merrill has done a lot of experimentation with cast lead 
bullets and finds that his oiled sawdust provides the trap 
least likely to distort these bullets . 

I hope this note saves future researchers the 
inconvenience caused in our study by losing two "good" 
hits (proper velocity was obtained and the right part of 
the radius bone was perforated) that passed through the 
sawdust boxes. 
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A SIMPLIFIED PENETRATION DEPTH 
CORRECTION FOR DATA TAKEN IN 
NON-STANDARD GELATIN 
Duncan MacPherson 

A simple, accurate method for correcting the pene
tration depth of most rifle and handgun bullets 
measured in non-standard gelatin to the penetra
tion in standard gelatin (i .e., gelatin that meets the 
calibration standard of 8.5 em penetration by a BB 
at 590 ft/sec) has been derived. 

Introduction 
The penetration model derived and described 

in the book Bullet Penetration - Modeling the Dynam

ics and the Resulting Incapacitation from Wound 
Trauma by Duncan MacPherson provides a tool that 
permits correction of bullet penetration data measured 
in non-standard gelatin to the penetration in standard 
gelatin (i .e . , gelatin that meets the calibration stan
dard of 8 .5  em penetration by a BB at 590 ft/sec). 
This result is a major advance in the capability to 
greatly improve data quality and has been received 
with some enthusiasm, but also with an implementa
tion concern. 

The dynamics of bullet penetration is not so 
simple that using the penetration model to correct for 
non-standard gelatin is trivial . This is not of conse
quence to anyone who understands the penetration 
model in detail and has developed a computer pro
gram to perform the tedious calculations, but is a 
significant problem for the typical experimenter. 
This problem was addressed in Bullet Penetration by 
including a simple graphical correction procedure 
(pages 256-7) for JHP handgun bullets at the veloci
ties of most practical interest, but response to the 
book already indicates an interest in, and a need for, 
a more general correction procedure. This paper 
provides a simplified correction procedure to address 
this need and eliminates the complexity problem in 
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penetration depth correction for most conventional 
rifle and handgun bullets and loads . 

Notation 
CDc = cavitation regime drag coefficient 
d, = bullet diameter in millimeters 
s = bullet sectional density parameter 
v = bullet velocity 
vc = bullet cavitation threshold velocity 
w = bullet weight in grains 
X = bullet penetration distance 
X a a = BB calibration penetration in em 
al = dimensionless parameter (see Figure 1 )  
a2 = dimensionless parameter (see Figure 2) 

6X = bullet penetration correction in em 
6Xinch= bullet penetration correction in inches 

Approach 
The graphical correction procedure for JHP 

handgun bullets given on pages 256-7 of Bullet Pene
tration was developed by calculating corrections for 
the conditions considered on a computer simulation of 
the penetration model and plotting the results . This 
approach is valid, but the number of variables in the 
penetration model make this approach difficult to 
implement in any generalized way. As a result, 
correction data was given only for JHP handgun 
bullets because this configuration was believed to be 
of greatest interest. A related disadvantage of this 
entirely empirical approach is that it provides no 
insight into the magnitude of change in the correction 
with variation in bullet configuration. This disadvan
tage would still exist to nearly the same degree even 
if correction plots had been created for other configu
rations . 

Requests for a more general correction meth-
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od have led to a reexamination of approaches to 
corrections for non-standard gelatin. The new ap
proach to the analysis of this problem has been to 
utilize the fact that the gelatin viscosity (the parameter 
measured by the BB calibration) affects penetration 
only in the non-cavitating regime when V<Vc (see the 
drag coefficient model of Eq. (6- 19) in Bullet Pene
tration). This new approach was very successful 
because some variables important in the penetration 
model have only a secondary effect as a result of 
viscosity variation; this kind of simplification is not 
uncommon in technical analysis . The resulting cor
rection implementation is applicable to both rifle and 
handgun bullets in almost all conventional loads, and 
so is much more general than the l imited technique 
given in Bullet Penetration . 

Assumptions and Constraints 
The following assumptions and constraints 

apply to the derivation of the corrections to be ap
plied for non-standard gelatin. The utility of the new 
correction procedure is a result of the modest charac
teristics of these assumptions . 
1 )  The bullet does not deform in the regime where 
viscosity is important (when V<Vc). 

This assumption is valid because deformation does 
not occur at non-cavitating velocities (this phenom
enology is described in Bullet Penetration) . 

2) The bullet velocity at gelatin entry must be greater 
than the cavitating velocity threshold (V c) in both the 
test gelatin and standard gelatin. 

This constraint is always satisfied for conventional 
bullets and loads because Vc for these loads is less 
than 600 ft/sec. V c is higher for smaller projec
tiles (about 780 ft/sec for BBs in standard gelatin) . 

3) The bullet does not tumble or have a significant 
change in angle of attack in the regime where viscosi
ty is important (when V<Vc) . 

This assumption is generally valid for typical rifle 
and handgun bullets. Expanding bullets usually 
deform to a stable configuration in soft tissue or 
gelatin and are stable in the non-cavitating regime. 
Non-expanding rifle bullets are usually either 
stable or overturn at high velocities to achieve a 
stable configuration (base forward) in the non-cavi
tating regime. The non-expanding handgun bullets 
tested for Bullet Penetration meet this requirement. 

4) The bullet configuration in the non-cavitating 
regime must be similar enough to tested configura-
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tions to permit a valid estimate of required config
uration parameters .  

This constraint has less practical significance than 
might be expected because the parameters that 
must be estimated have a relatively modest varia
tion with configuration. 

Penetration Correction Procedure 
The derivation of the corrections to be applied 

for non-standard gelatin involves algebraic manipula
tion of Eq. (6-24), (6-25b), and (8-3) in Bullet Pene
tration. This derivation is given in the appendix for 
completeness, but knowledge of this is not required to 
correct test data. The derivation actually produces a 
closed form (i.e . ,  algebraic) solution for the correc
tion (which was numerically validated with the com
puter model), but this solution is not useful to most 
users because it includes mathematical functions only 
available on technical calculators . Fortunately, this 
complex expression can be approximated both simply 
and accurately in practical conditions (see Appendix 
for details) ; the error in this calculation approxima
tion is discussed below with the other error sources. 
According! y, the penetration correction is 

ox = 

The value of ox is given in centimeters ; this can 
changed to inches by dividing by 2 .54, i .e .  

OXinch = 
ox 

2 .54 

The parameter S is calculated from the following 
equation (Eq. (6-26) in Bullet Penetration). 

w s = 1 6 . 5 0 1  d,..2 

The parameter Coc is estimated from Table 8-3 (cop
ied in part below); the configurations are illustrated 
in Figures 8-10, 8-20, and 8-2 1 in Bullet Penetration. 
Non-expanding rifle bullets penetrating the non-cavi
tation regime base forward have the Coc model of a 
cylinder for square base bullets and the truncated 
cone model for boattail bullets. Round nose rifle 
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bullets penetrating the non-cavitation regime nose 
forward have the round nose Coc model ; pointed rifle 
bullets are not l ikely to be penetrating the non-cavita
tion regime nose forward, but if this occurs Coc""' .4 
if there is no apparent yaw and Coc""'·5 if there is 
apparent yaw.  Rifle bullets that expand to a configu- · 

ration near the JHP have that C0c model . 

Table 8-3 (Abridged) 
Configuration Coc 
Sphere .355 
Round Nose .57 
Cylinder . 83 
Truncated Cone .55 
Semi-wadcutter .55 
45 o half angle cone .52 
JHP .68 

The values of ct1 and ct2 (new parameters that 
do not appear in Bullet Penetration) are determined 
from Figures 1 and 2 of this paper . The effects of 
bullet configuration on ct1 are modest; physical limi
tations prevent the value of ct1 from exceeding 1 .0 
and make it most unlikely that any realistic bullet 
configuration will have a value lower than that for a 
sphere. The extreme variation in ct1 over the total 
range of configurations is not large (see Figure 1 ) ,  
making a satisfactory estimate of  the value of  ct1 
relatively easy . The curve for semi-wadcutter config
urations is not shown in Figure 1 ,  but it lies between 
the 45 ° half angle cone and the cylinder curves. 
Note that these three configurations with nearly iden
tical values of ct1 most nearly represent the typical 
non-deforming rifle bullet in both the point forward 
and base forward attitudes . Non-expanding rifle 
bullets of any diameter should be modeled by setting 
ct1 =0.98;  this value is appropriate when the bullet 
orientation is either nose or base forward as long as 
the yaw angle is small the non-cavitating portion of 
the trajectory. 

The correction ox (or oxinch) is subtracted 
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from the measured penetration to determine the stan
dard (corrected) penetration, i .e . , for penetrations 
measured in centimeters 

Xcorrected = X measured - 0 X 

or for penetrations measured in inches 

Xcorrected = Xmeasured - 0 X inch 

Care must be taken with the sign of ox;  ox is nega

tive when X55<8 .5  because ct2 is negative, and the 
corrected penetration is then larger than the measured 
value (subtracting a negative gives a positive). 

Penetration Correction Accuracy 

When the parameters Coc• ct 1 0  ct 2 ,  and S are 
selected without error, the calculation approximation 
in the correction oX or oX inch will be less than 3 %  
for all bullet configurations when X55 is less than 
1 3cm (use of poorer quality gelatin is unsound); the 
percentage error is smaller for values of X55 closer to 
the standard 8 .5cm and/or for configurations with ct1 
larger than the value for a sphere . This 3 %  maxi
mum calculation approximation error means that even 
a 4 inch value of calculated penetration correction 
oxinch (which is larger than typical) will be in error 
by no more than one eighth of an inch ; a precision 
more than adequate for ordinary testing. 

Errors in Coc and ct1 are due to uncertainty in 
the configuration effects when the fired bullet does 
not closely resemble a tested configuration; the uncer
tainty in Coc will be larger that the uncertainty in ct1. 
Errors in ct2 are due only to reading Figure 2, and 
should be inconsequential . Errors in s are due pri
marily to errors in measuring ct,.. (absent computation
al errors). The errors caused by erroneous modeling 
of any or all of these parameters may be determined 
by substituting appropriately changed parameter val
ues and recalculating ox (or oxinch) . These model
ing errors will probably be dominated by errors in 
Coc• and will probably also be larger than the 3 %  
maximum calculation approximation error. 

Note that these errors in the penetration cor
rection do not affect the kind of errors that exist in 
any test data (penetration measurement errors and the 
other factors that cause shot-to-shot variations) ; these 
testing errors will usually be larger than the errors in 
the penetration correction. 
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Appendix 

The basis for the penetration correction analy
sis is the fact that the gelatin viscosity only affects the · 
penetration depth when V<Vc . The derivation given 
here is for the case when gelatin entry velocity is 
greater than Vc; the derivation without this restriction 
is not difficult, but has more complexity without 
practical value. The penetration is modeled by Eq. 
(6-24) in Bullet Penetration; when V>Vc this is 

This can be expressed as 

Penetration depth is related to this equation by Eq. 
(6-25b) in Bullet Penetration 

In the nomenclature used here this gives 

The penetration depth can then be expressed as 

S [ [VTJ-t ] 1 VJ-t ] 
X = - 1 - -- -- + ln - - lnJl 

Coc Vc /1 Vc 

If the subscripts s and t are used to denote standard 
and test gelatin, respectively, the difference in the 
penetration depths given by this equation are (note 

that the term V Tf-t /V c is a constant) 

Vol 2, No. 2 

Eq. (8-3) in Bullet Penetration gives (in the notation 
used here) 

8 .5  

which can be used to substitute the measured parame
ter X55 for the technical parameter J-t .  Then the 
penetration correction is given by 

S [VT [ Xaa] Xaa] 
OX = cDc VCB

1 - 8 .5 + ln u 

It is convenient to define two parameters which will 
can be used in a graph based solution: 

With these variables the penetration correction is 

This equation is exact, but unwieldy for non-technical 
users ; the Taylor series expansion of this equation is 

Even in very extreme conditions (X55 = 1 5 .  for any 
configuration) the first term is over 95 % of the total 
and all terms after the second are less than 1 % . Only 
the first term is required for penetration correction 
under all ordinary test conditions . 
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BOOK REVIEW 

Wound Ballistics - and the Scientific 
Background 
Sellier KG, Kneubuehl BP. 
Amsterdam, Elsevier, 1994. pp. 479. 

This is the English translation of a book pub
lished, in German, by a different publisher (Springer, 
Berlin) in 1992. Unfortunately, the translation is 
seriously flawed. It varies from the stilted and comical 
to the incomprehensible: 

• using "sensibility" where "sensitivity" 1s meant 
(p75, 1 3th line oftext from top); 

• using "sheaf' where "column" is needed (p 85, last 
line); 

• using "charge" where "lot" or "batch" is probably 
meant (p 1 92, lines 7-9 from top); 

• "Surprisingly, the sphere often did not stop at the 
actual end of the shooting channel. "  (p 1 3  3, 1 5th 
line from top); 

• "-- velocity of the projectile Vstk at the moment when 
the projectile is stopped." (p 224, 1 3th line from 
bottom) "Stopped" projectiles, obviously, do not 
have any velocity. 

The most serious problems with this book, 
however, are its many factual errors, inconsistencies, 
and its presenting flawed assumptions as fact -- while 
ignoring contradictory evidence. These include: 

• p 149 - Sellier and Kneubuehl (S&K) assert that for 
every Joule of energy expended by a penetrating 
projectile in muscle tissue: 
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0.77 cc oftemporary cavity volume will result. 
0 .35 cc of "bleeding zone" will result. 
0. 03 cc of permanent cavity will result. 

Martin L. Fackler 

Such constants would have to be derived from 
experimental measurements . S&K fail, however, to 
refer to any such experiments . They also fail to indicate 
to which muscle or muscle groups these constants are 
intended to apply -- and in what animal. 

The amount of tissue removed in operating on a 
gunshot wound does not necessarily correlate with 
amount of tissue in the "bleeding zone" produced by the 
penetrating bullet. Any surgeon experienced in treating 
gunshot wounds knows that much of the tissue that is 
removed when operating on some gunshot wounds is not 
tissue that is irreversibly damaged, but is healthy tissue 
that is excised simply in order to smooth the wound's 
walls, to eliminate blind pouches, and shape the wound 
so there are no overhanging edges: to tailor the wound 
so it will be easy to close later. 

The constants presented by S&K bear a 
striking resemblance to those presented by French and 
Callender on page 1 40 of Beyer Wound Ballistics, a 
book which S&K list in their bibliography but do not 
give any credit for the constants presented on p 1 49. 
French and Callender also failed to give any reference 
to supporting experiments, and to which muscles in 
which animal their unsupported constants were meant to 
apply. 

• p 1 48 - In the schematic drawings of tissue 
movement from temporary cavitation (Fig 5 .2.9) an 
area a few inches from the bullet path is labeled 
"undisturbed tissue. "  Since solid tissue (such as 
muscle) is basically incompressible, the tissue 
movement caused by the temporary cavity is 
transmitted like a wave in water: the disturbance 
becomes gradually less as distance increases, but 
tissue up to several feet away is often moved (or 
"disturbed") visibly by cavitation: this has been 
verified repeatedly by using high-speed cine 
cameras to film shots into anesthetized animals .  

• p 1 48- 149 - The explanation that attempts to 
support the fallacious idea that a "firm reciprocal 
and numerical ratio" exists between the radii of the 

Vol 2, No. 2 

WOUND BALLISTICS REVIEW 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

permanent and temporary cavities, and that a 
uniform cylinder of microscopic damage 
("extravasation") surrounds the permanent cavity, is 
confused and confusing. The same claim is made 
for a "relationship between the size of the . 
temporary cavity and the amount of devitalized 
tissue" on p 299, accompanied by a different 
schematic drawing. S&K present no data and no 
references in support of these concepts . In fact, 
copious evidence exists which disproves the 
geometrical consistency S&K claim for uniformly 
disrupted muscle around the projectile path. The 
variation in anatomic location of the bullet path in 
relation to the blood supply of various muscles 
guarantees a nonuniformity in damage patterns. 
This nonuniformity of damage has been verified 
repeatedly. 

Flexible human tissues, such as muscle, must 
be stretched beyond a certain point before they tear. 
The "energy" that goes into forming a temporary cavity 
that stretches tissue below the point where it tears is 
absorbed without causing damage: one might consider it 
wasted if damaging tissue was its goal. Consequently, 
the postulated linear relationship between the size of the 
temporary cavity and the amount of devitalized tissue, 
upon which so much of S&K's book is based, is 
demonstrably incorrect. 

• p 297-302 - The "debridement" section claims that 
"debridement" comes from the French "debris. "  
Actually, it comes from the French verb "debrider" 
which means to release tissue tension by incising 
constricting layers or bands -- an operation that we 
call a fasciotomy. This section contains graphs 
from studies which purported to show that the 
amount of devitalized tissue removed in treating a 
gunshot wound is proportional to the amount of 
kinetic energy lost by the bullet. S&K overlooked 
flaws which invalidate these studies: 1 )  results 
depended entirely on the subjective judgment of the 
surgeons who decided which tissue to remove, yet 
the studies were not blinded 2) no control animals 
were used -- there was no way to verify that some 
(or all) of the tissue removed would not have 
survived if left in place. S&K overlooked studies 
which showed "that the degree of tissue damage 
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was not comparable to the amount of energy de
livered to the tissue" (my emphasis) . 

• p 1 08 - under "kinetic energy of the gasses" we find 
"For an approximation of their [powder gasses] 
kinetic energy, we normally calculate one half of the 
projectile velocity." Below, in Table 4 .4 .2, they 
give "kinetic energy of the gasses" (from a . 308 
Winchester) as 1 640 J -- which is one half as much 
as the kinetic energy of the bullet. First, if they use 
one halfthe projectile velocity, that would make the 
kinetic energy of the gasses one fourth that of the 
bullet (velocity is squared in the kinetic energy 
formula). Second, since the mass of the powder is 
only one third the mass of the projectile, this would 
make the kinetic energy of the powder gasses only 
one twelfth as large as the kinetic energy of the 
projectile -- or 272 J -- not 1640 J .  

• p 28 1 -292 - S&K discuss studies by researchers 
who claim to show "remote effects" in tissue 
cultures and in live pig nerve tissue. By attributing 
these "changes" to "shock waves" (more properly 
called the sonic pressure wave) the researchers 
overlooked the fact that the same tissues that were 
subjected to the "shock waves" were also subjected 
to transmitted tissue movement from temporary 
cavitation. If there were any changes they were far 
more likely to have been caused by cavitation, 
which moves tissue perceptibly, than by "shock 
waves," which cannot. This was pointed out in a 
letter to the editor published in 1989. 

• p 23 1 -- We find "the penetration of projectiles into 
the tough animal skin consumes much more energy 
than is the case with human skin. "  S&K present no 
data to support this assumption. In recent tests, the 
penetration threshold velocity in the skin of the 
abdomen of a freshly killed 20 Kg pig was found to 
match closely the threshold velocity values for 
human skin reported in the literature. 

• p 23 1 -- Under "Penetration Capacity in Bones," we 
find "The threshold velocity Vths for bones lies 
around 60 m/s. Human bones vary greatly in 
strength and thickness, from the mid-shaft of the 
femur to the almost paper-thin central part of the 
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scapula -- no single penetration threshold velocity 
can possibly apply to them all. In my forensic 
wound ballistics practice, I have had two cases in 
which 9mm Parabcllum 7 .5 gm (1 1 5  grain) WW 
Silvertip bullets. fired at a distance of no greater 
than 1 0  m. failed to penetrate or break human 
bones. In one case the bullet hit the mid-portion of 
a femur, traveling perpendicular to the long axis of 
the bone, and flattened and fragmented on the bone. 
In the other case it struck the body of the second 
lumbar vertebra, entering from the back and side at 
a 45 degree angle: it also flattened and fragmented 
on the bone. In both cases the persons hit were 
young, healthy adult males, and each bullet had 
perforated about two inches of muscle before 
striking the bone. Figuring a loss of about 6 1  m/s 
(200 ft/s) in perforating the muscle, these bullets 
struck the bone at about 305 m/s ( 1 000 ft:/s). Both 
struck at more than five times the velocity that 
S&K claim as their penetration threshold velocity 
for bone -- yet neither penetrated the bone. 

• p 245 -- S&K misquoted and misinterpreted 
the work of Hatcher. They claimed he wrote "that 
LAGARDE's test results (from corpses) would fit 
the momentum formula better than they do the 
energy formula." Hatcher actually wrote "It will be 
seen that by the momentum formula, the figures are 
in substantial agreement with the results given in 
LaGarde's book, where the .30 failed to down any 
animal after ten shots, while the . 38  downed them 
after say seven shots, the .45 after say four, and the 
.455 and .476 after three. "  When Hatcher is quoted 
correctly, it is clear that he correlated his 
momentum formula with the bullet comparison 
tests on live beef cattle and horses -- not on 
corpses. 

• p 1 62 -- Fig 5 .2. 1 8 - Common bullets for 
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army rifles . Cross sections of six bullets are 
shown: S&K show only one 7 .62x39mm (AK 47) 
bullet -- with a lead core. The Russian (and Chi
nese) 7 .62x39mm ball round with a large steel core 
is probably the most common military rifle bullet in 
the world: failure to include it is a serious 
oversight. 

This book is somewhat akin to a computer 
literature search. Much insignificant work is listed in 
enough detail to imply it is significant. Many seriously 
flawed works are discussed with little or no indication 
of their faults . Its organization is repetitive and dis
jointed. The 42 page "Physical basics" chapter purports 
to provide the background in physics needed to 
understand the formulas which permeate the book -

from Newtonian mechanics to thermodynamics. This 
sketchy outline of these subjects is not needed by those 
who understand physics, and is likely to confuse those 
who don't. It would have been better to integrate this 
material into the sections where it is applied. 

The book ends with 6 1  pages of tables, fol
lowed by a 63 page glossary. The tables are mostly 
bullet velocity loss over distance, in both metric and 
English units . They extend only to 1 50 yards for 
handgun bullets and to 300 yards for rifle bullets . The 
Sierra Manual, which any American reader of this book 
is likely to have, is a much more complete and useful 
reference in this regard -- and anybody who needs to 
convert to metric units can do so, very simply, using a 
few well known constants . The glossary is an English
French-German ballistics dictionary: this was 
undoubtedly a useful addition for the German edition; it 
seems to me far less useful in the English one. 

S&K's book contains so many errors and 
misconceptions that it is risky to take anything it 
includes without independent verification. The book's 
price is a whopping $ 1 48 .50 .  

Martin L.  Fackler, MD, F ACS 
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