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Questions and Comments 
Questions To Readers 
Martin L. Fackler 

Many of our readers are extremely krwwledgeable, 
yet rarely share their expertise in print. I spend a great deal of 
time on the teleplwne with a few of them. We discuss im
pressions and ideas concerning our more challengingforensic 
cases; we vent our ftustrations that valuable irifomzation has 
been overlooked or iru:ulvertently destroyed, and try to .figure 
out ways to use the .findings that are available to make up for 
the things that are lackittg. We jitul it disturbing that many 
of our colleagues tend to appeal to their authority, simply 
declaring their opinions to be comet and making n.o atlempt 
to back them up with any kind of a rational mechanistic 
explanation. Wound ballistics is blessed by being strongly 
supported by the objective ((exact" sciences - physics and 
mathematics. Tiwse of us wlwse expertise is in the .fields of 
surgery or pathology sorely need an engineer with an interest 
in wound ballistics and .fireamz technology, such as Duncan 
MacPherson, to keep us straight in the use of these sciences. 
U!hen difficult cases present themselves we must n.ot lose 
sight of the fact that the crux of wound ballistics is the me
chanical interaction of prcljectile and the tissue struck: the 

force of the prcljectile disrupts or displaces tissue - or, more 
ofien, disrupts and displaces tissue. 

Many appeal to their uexperietue" or vague ab
stractions such as ((kinetic energy tran#r" to avoid hm1ittg to 
deal with the mechanics of direct impact of projectile and 
target tissue - which they do n.ot appear to grasp. Any ab
stractions which divert attention .from the forces developed, 
and the direct tffects of these forces, is clearly countetproduc
tive to the understanding of wound ballistics. These ques
tions to readers are addressed to those wlw are able to deal 
directly and lwnestly with the basic interaction of bullet and 
what it hits and are able to admit to thernselves when they 
are either unsure or completely in the dark about a question. 

We lwpe ((Questions to readers" will be a valuable 
and educational experietu:e. The purpose of this section is to 
tap the considerable expertise of our readers - to the benefit of 
all. 
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Q: How can we get a better grasp of the physiologic 
spinal cord transection that can occur when a handgun 
bullet strikes the bone of the vertebral column but does 
not impact the spinal cord directly, nor is the cord im
pacted by any bone fragments produced and displaced by 
the bullet impact? 

I have had to grapple with this difficult question 
in a half-dozen forensic cases over the past five years. 
One of these illustrated the problem well. In that case a 
witness reported that a person, after being hit with a 38 
Special 158 grain lead round-nosed bullet, turned and 
took several steps before collapsing (i.e., did not have a 
physiologic cord transection). At autopsy, the bullet was 
shown to have passed through the chest, back to front, 
and about 45 degrees right-to-left. It struck the right side 
of the centrum of the fourth thoracic vertebra, putting a 
quarter-inch.,.deep groove in that structure. The bullet 
also caused some crack-like fracture lines cross the cen
trum, one extending to the anterior margin of the spinal 
canal. The posterior end of the groove was about one 
inch from the anterior margin of the spinal canal and 
there was no significant displacement of bone. 

The critical question in that case was, did the 
shot cause a "concussion of the cord" resulting in an 
immediate collapse from a physiologic cord transection? 
Four eminent, well respected forensic pathologists, all 
fellows of the American Academy of Forensic Sciences, 
had reviewed the evidence and written reports before I 
became involved in the case. Two wrote, unequivocally, 
that the person hit would have collapsed immediately: 
neither expressed the slightest doubt of this. The other 
two, however, expressed, with an equal degree of cer
tainty, that the person hit would not have collapsed im
mediately as a result of this shot. The opinions of all four 
supported the view of events promoted by the side of 
case which had hired them. 

My own report indicated that I didn't think any
body could tell if this person would have collapsed or 
not. I reasoned that there is a spectrum of cases, from 
those in which the bullet causes multiple displaced frac
tures of the bones that form the borders of the spinal 
canal - in which all of the persons so hit would collapse 
immediately from a "cord concussion" -- to those in 
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which the bullet narrowly misses the bone, causing no 
fractures, and no immediate collapses from "cord con
cussion" are seen. In the middle of this spectrum there 
must be a zone of uncertainty: in which bullets cause an 
amount of bone disruption that would cause some to 
collapse immediately but not have that effect on others. I 
felt that the case described above was in this zone of un
certainty and it was impossible to know if the person hit 
would collapse immediately or might retain the use of 
his legs to remain standing -- or even walk or run. 

It is my understanding that the mechanism of 
"cord concussion" is similar to the concussion that 
causes unconsciousness from a boxer's blow to the jaw: 
the skull is moved suddenly and strikes the brain (whose 
inertia causes it to remain in the same place long enough 
to be hit). In "cord concussion" presumably the bony 
margin of the spinal canal is moved suddenly, in a direc
tion at a right angle to the long axis of the cord, far 
enough to strike the cord. In this mechanism, it would 
seem that a bullet striking the bony spine at right angles 
to the long axis of the cord would have maximal effect, 
and one striking while traveling nearly parallel to the 
cord would have considerably less effect. 

Evaluation of this effect is made doubly difficult 
by the psychological collapse often seen in the human 
target: many collapse immediately from a minor super
ficial hit by a bullet, and some will collapse even when 
the bullet has missed them -- but they think they have 
been hit. 

Q: Are multiple discrete gas bubbles, found (on 
CAT scan) scattered widely throughout the soft tissues 
within a few inches of a handgun bullet entrance to the 
head, valid evidence that the wound was a contact or 
near contact one? I would specifically exclude shots into 
the torso which enter the abdominal or thoracic cavity 
from this question since, in these cases, the powder gases 
can enter the cavity without having to force bubbles into 
the tissues, by just pushing the lung or loops of bowel 
aside. 

I have been involved in two such "gas bubble" 
cases in which the person shot survived long enough to 
have a CAT scan. In one case the entrance was behind 
and above the ear. There were many discrete gas bubbles 
seen on the CAT scan up to two inches into the brain 
substance, and others were seen in a hematoma between 
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the skull and scalp, posterior to the wound of entrance. 
Myself and two radiologists were of the opinion that 
these discrete gas bubbles indicated that the wound was a 
near contact one (muzzle within a half-inch of the skin). 
An expert on the opposing side of the case disagreed and 
we don't yet know who was right. The distance of fire 
was the disputed point. 

In the other case the direction of fire was the 
main disputed point. One handgun bullet wound was 
located above and behind the ear, in the parietal bone. 
The other was through or just below the globe of the eye 
on the same side. There were stellate tears and severe 
disruption of the bones and soft tissues of the face 
around the involved eye socket. There were many dis
crete bubbles of gas seen on CAT scan scattered 
throughout the severely disrupted area. I counted more 
than 30 bubbles, ranging from a few mm to a em in di
ameter, on several CAT scan views. 

In my view, the disruptive force of the high 
pressure powder gases is needed to explain the degree of 
facial tissue disruption in this case. I think the many gas 
bubbles in these tissues confirm this - but cannot, as yet, 
prove it. 

The problem is that most persons shot in the 
head die rapidly and don't get a CAT scan. Some of them 
have regular radiographs done prior to autopsy but these 
films do not show these small bubbles as a CAT scan 
does. What we need is somebody to do CAT scans on a 
dozen or so persons with known contact or near contact 
wounds of the head. Then do CAT scans on a similar 
group of persons with handgun wounds of the head 
known to have been shot from a distance of more than a 
foot. 

The future looks promising for this question. I 
have spoken about it recently to two Medical Examiners 
in large cities: one was in the process of negotiating with 
various manufacturers for a CAT scanner to be placed in 
the Medical Examiners suite to see if there would be suf
ficient use to justify it. The other has his laboratory in 
close proximity to the hospital trauma reception area and 
thinks he might be able to work out the logistics to per
form such a study in the near future. 

In the meantime, if any of our readers have cases 
with handgun wounds of the head in which CAT scans 
have been taken, and the distance of fire is known, we 
would be happy to correlate and publish the findings if 
they would like to evaluate these cases to see if the thesis 

Vol 3, No. 2 

WOUND BALLISTICS REVIEW 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 
Questions and Conunents 

that many discrete gas bubbles imbedded in soft tissue 
indicates a contact or near contact wound. We might 
even find that there are enough readers with such cases 
to prove the point now. I have already been contacted by 
one medical examiner with a supporting case - the 
wound was known to have been near contact, and many 
gas bubbles were seen on CAT scan. 

In addition to answering the question about the 
significance of gas bubbles in handgun wounds of the 
head, I suggest that CAT scans done at autopsy would be 
a valuable adjunct in many gunshot wounds of the torso. 
In many cases, at autopsy, only single-plane (anterior
posterior) radiographs are taken (or no radiographs at all 
are taken). The exact location of a retained bullet cannot 
be determined from a single-plane view and, unfortu
nately, often the written description of where the bullet 
came to rest is insufficient to locate it with any degree of 
precision. A case comes to mind in which no radiographs 
at all were taken at autopsy and the location of the bullet 
was described only as "beneath the liver". It doesn't take 
much acumen in anatomy to realize that there is a lot of 
space "beneath the liver". A CAT scan would allow us to 
determine the exact location of retained bullets and cor
relate that with the location of the wound of entry. This 
would allow determination of the angle of the bullet 
path; which is often important to the solving of crime or 
helping to decide who is telling the truth in a civil case. 

Readers Questions and Comments 
LETTER TO THE EDITOR: 

With great interest I read the excellent article 
'Velocity Necessary for a BB to Penetrate the Eye", 
written by, Krammer D. Powley, Dean B. Dahlstrom, 
Valerie J. Atkins, and Martin L. Fackler, MD, which 
appeared in Vol. 3, No. 1 ,  of the Wound Ballistics 
Review. 

On page # 1 1  of the article is mentioned, air gun 
deaths, and Criminalistic Laboratory testing of the Daisy 
Power Line Model 880 air rifle. In the Laboratory 
velocity testing of the air gun it· states, " . . . found to be 
capable of producing velocities up to 633 ft/sec". 

On numerous occasions I have had the 
opportunity to conduct chronograph and penetration 
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test with the Daisy Power Line model 880 air rifle. 
Chronograph test which I conducted, have resulted in 
higher velocity readings than those sated in this article. 

The Daisy Power Line Operation Manual, 
states; "Do not pump your gun more than 10 times". 
However, this information regarding the maximum 
number of pumps of the 800 is not displayed on the air 
rifle. So it is conceivable that a person not in possession 
of the Operation Manual could pump the 880 more 
than the maximum recommended ten pumps, thereby 
obtaining higher velocities than those intended by the 
manufacturer. 

I have recorded the velocity and penetrating 
capabilities of BB's fired from' Daisy Power Line 880 air 
rifles and comparable other makes and models of 
pneumatic air guns. 

Chronograph testing was conducted using an 
Oehler model 35P Chronograph, with the muzzle of the 
880, held three (3) feet from the first screen. Test were 
conducted with the 880 at, 8, 10 and 16 pumps. 

The following velocity readings were recorded: 

8 pumps 

10 pumps 

16 pumps 

EDITORIAL RESPONSE: 

692 ftJsec. 

724 ft)sec. 

777 ftJsec. 

David G. Townshend 

We thank David Townshend for calling our 
attention to the discrepancy between his velocity test 
results and those mentioned in our "In a pigs eye" article. 
The average maximum velocity (obtained with 25 
pumps per shot) for the Daisy Model 880 air gun that we 
mentioned was 632.5 f/s. It was tested at the Orlando, 
Florida Department of Law Enforcement Crime 
Laboratory and reported by Senior Crime Laboratory 
Analyst Garry A Rathman, on 9 Feb 90. 

I telephoned Mr. Townshend and he did some 
additional chronographing to prove his point. He 
reported a mean velocity of 730 fls with 20 pumps per 
shot from a brand new Daisy Model 880 and a mean of 
807 fls with 20 pumps per shot from an older one. I 
telephoned the Daisy company and was told that they 
rate the maximum velocity of the Model 880 at 685 f/s. 

5 



WOUND BALLISTICS REVIEW 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

That is the same velocity given for 10 pumps in the 
Daisy Model 880 advertising brochure. 

Although the maximum velocity of the Daisy 
Model 880 tested in the Orlando Crime Lab was below 
that of those tested by Mr. Townshend and also below 
the rating predicted by the Daisy company, that did not 
prevent a BB fired from it from killing a 63 year old (71" 
170 lb.) man - by passing between his right sixth and 
seventh ribs, through parts of both lungs, and the 
thoracic aorta. 

At the American Academy of Forensic Sciences 
several years ago there was a report of an adult human 
killed with a pump BB gun in which the BB passed 
through the sternum before penetrating the heart. I do 
not find it difficult to believe that a BB at near 800 ft/s, 
which is apparently obtainable from some, or possibly 
most, of the Daisy Model 880s, could perforate an adult 
sternum and then penetrate the heart. 

In few or none of the BB gun caused deaths are 
we certain how many pumps had been used for the fatal 
shot. It is standard practice in studying BB guns used to 
cause death and injury to find the maximum velocity 
possible from the gun in question by continuing to 
record BB velocities until more pumps give no additional 
velocity. This apparently occurs at 20 to 25 pumps for 
the Daisy Model 880. 

Martin L. Fackler 

COMMENTS FROM READERS 
An interesting article, entitled "Firearm Safety in 

the MR Imaging Environment," was sent to the IWBA 
by a Radiologist reader, WA Goodrich, Jr, MD,of Bay
town,1X. The article, by Kanal E, and Shaibani A, ap
peared in Radiology (1994;193:875-876). The authors of 
this article wished to determine if the high intensity 
magnetic field in the bore of a magnetic resonance im
ager could fire a handgun. They took six unloaded hand
guns, individually, and placed them in the bore of a 1.5 T 
MR imager. They then removed them by pulling them 
out of the magnetic field by the barrel. They did this six 
times for each weapon under each of three conditions: 
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• with the handguns cocked 

• with the handguns uncocked 

• with the handguns cocked but with the 
safety on. 

They found that none of the uncocked weapons 
cocked, nor did the hammer fall on an empty chamber. 
None of the weapons on safety went off safety. Two of 
the cocked semiautomatic handguns, however, had the 
hammer fall on the empty chamber as they were with
drawn from the magnetic field of the imager. The ham
mer of the Taurus 9mm handgun fell in two of the six 
tests and the hammer of the Browning .380 handgun fell 
in all six of the tests. 

I found it surprising that any of the handguns 
had their hammer's fall in these tests. Based upon these 
published results, however, one cannot deny the possible 
danger. For example, a law enforcement officer might, 
inadvertently, wear his or her handgun into an MR im
aging suite, while accompanying a prisoner patient. The 
gun might be drawn into the barrel of the imager. The 
officer needs to know of the possibility that an accidental 
discharge can be induced by an attempt to remove the 
handgun from this powerful magnetic field. It is manda
tory to unload the weapon before attempting to with
draw it from the magnetic field. 

Anybody unaccustomed to the MR imaging 
environment should recognize that any ferromagnetic 
object can be strongly attracted to the magnet and can 
become a missile (on the way to the magnet's barrel) 
possibly injuring others in flight. 

Martin L. Fackler, MD 

A Little Knowledge 
A member has written that he has heard that a 

rifle bullet at a velocity of 2000 ft/sec has so much fric
tion from contact with the air that the copper jacket is 
heated to the point that it anneals. The reaction of most 
people to such a claim is extreme skepticism, and in fact 
this claim is not true. However, it seems likely that this 
story was started by someone with a little knowledge, 
and as the saying goes, this can be a dangerous thing. 

A gas (air in this case) that is moving relative to 
another object has what is called a stagnation tempera
ture relative to that object. The velocity of air is reduced 
when it contacts another object, and the temperature of 
the air rises. If the relative movement of the air and the 
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object is removed by the air being decelerated so that it 
does not have a velocity relative to the object, the tem
perature of the air rises to the stagnation temperature. 
The relative motion between the air and the object is 
what matters; the principle is the same for a wind blow
ing against a tree and a bullet flying through the air. This 
stagnation temperature is the maximum theoretical tem
perature possible due to frictional effects, and the actual 
temperature rise in any real system will always be lower, 
and usually much lower. The stagnation temperature is 
very sensitive to velocity. The stagnation temperature of 
a 60 mile an hour wind blowing against a tree is only 
about 2°F higher than the air temperature; this small 
temperature rise would never be noticed in the middle of 
this gale, and so we do not have any intuitive feeling for 
this effect based on experiences. On the other hand, the 
stagnation temperature of 70°F air at 2000 ft/sec is about 
400°F, and this is the little knowledge that is a dangerous 
thing (to understanding in this case). This 400°F stagna
tion temperature needs to be interpreted with caution. 

In the first place, the stagnation temperature 
represents the maximum possible temperature of the air, 
not the copper in the bullet jacket. The bullet flight time 
of practical interest is very short, much less than a second 
in almost all cases of practical interest. You can move 
your hand (which is much more sensitive than copper) 
through a candle flame (which is much hotter than 
400°F) without pain as long as you don't dawdle. The 
copper doesn't have time to heat up even if it were ex
posed to a 400°F temperature (which it isn't). 

In the second place, the temperature of the air 
can approach the stagnation temperature only at loca
tions where the body is perpendicular to the flow veloc
ity. In a typical pointed rifle bullet the only perpendicu
lar surface is an extremely tiny area right at the tip of the 
bullet. In all other locations on the bullet the air tern-. , 
perature is nowhere near the stagnation temperature. 
Thus, the total area of the bullet surface that is potentially 
exposed to high temperatures is so small as to be incon
sequential. 

In the third place, copper is very conductive, so 
heating a point on the surface tends to produce a lower 
temperature rise over a larger area rather than a "hot spot" 
at the point of heating. Annealing copper requires heat 
over a significant area, not at a point. 
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In the fourth place, copper does not anneal rap
idly at 400°F even if it is exposed to this temperature 
(which it isn't). 

The bottom line is that heating of bullets by air 
friction is not a significant effect at any velocity obtained 
in small arms. Bullet heating from friction against the 
bore is far larger than bullet heating by air friction. The 
total frictional heating from air drag in the first 500 yards 
of travel for a 3000 ft/sec rifle bullet is less than 25% of 
the heating from bore friction. 

Duncan MacPherson 

Clay Unreliable as a Tissue Simulant 
for Penetrating Knife Injuries 

As part of my correspondence with an Engineer 
from the University of Glasgow about setting up a gela
tin testing program, I recently received a copy of a thesis 
from the Mechanical Engineering Department of the 
University of Glasgow, entitled QuantifYing the Force Used 
in Slclbbing Incidents, by Sophie L. Allen (#9135771, dated 
April 1995). Ms. Allen had experimented with clay 
(Roma Plastilina) and commented, "It was found not to 
be a suitable material as no conclusive set of results could 
be obtained due to the unreliability of the material as its 
properties can be easily changed once moulded by hand 
and heated by working". 

This is the same Roma Plastilina clay that the 
National Institute ofJustice (N1J) continues to use for its 
body armor test. In the N1J test the dents in the clay are 
filled in and the block reshaped by hand between shots: 
the very thing that Allen reported changes the properties 
of the clay. This provides yet another scientific invalida
tion of the N1J soft body armor test. Readers of the 
Wound Ballistics Review will recall our providing a de
tailed account of the fallacies upon which the NIJ test is 
based (Vol 1, No 1, pp 14-37) as well as the findings of 
the Office of Technology Assessment (OTA) when they 
verified the fallacies that the IWBA and others had 
pointed out (Vol 1, #3, pp 8-11). The NIJ continues to 
waste taxpayer resources by refusing to alter their body 
armor test despite numerous proofs of its scientific inva
lidity. 

Martin L. Fackler 
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LETTERS AND COMMENTS ON 

THE "FINGER ON THE TRIGGER" 

ISSUE 

The primary issue associated with the reaction time 
study in the last issue of the Wound Ballistics Review 
(Offuer Reaction - Response time in Firing a Hand
gun) is related to erroneous blame placed on law en
forcement cffuers in "shot in the back" incidents. How
ever, comments from some firearms trainers relative to 
the appropriateness of finger on/off the trigger that were 
reported on the editorial page have elicited a lot of com
ment from others. Two letters on this issue by experi
enced officers are included here. In addition, I have 
asked Duncan MacPherson for his comments based on 
his experiences in engineering and with handguns. The 
Wound Ballistics Review welcomes input from our 
members, and will provide a forum for comments on all 
topics of general interest. 

Dr. M. L. Fackler 

Letter: 
My name is Fred Bosse - I'm a lieutenant with 

the Chicago Police Dept., having been with them for 
almost 30 years - I am the Coordinator for HBT- the 
Hostage/Barricade/ Terrorist Incident Program out of 
the Special Operations Section. I have taught fire
arms/safety/shooting for over 30 years- I started the Illi
nois Police Combat Assn, won the Governor's 20 Award 
as the top combat shooter in the State in 1979, have won 
national NRA shooting awards, shot 5 people in the line 
of duty (all with a .41 Magnum), have been with the 
H/B/T Program for over 15 years and am in charge of 
it's firearms program. And after all that, I readily ac
knowledge that I'm a "babe" in the field that you so well 
write and teach about. 

I've been a follower of yours for years and 
hardly ever can disagree with you. I would, however, 
like to make a few comments to you in regards to the 
article in the Journal on police reaction time with the 
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finger off the trigger. I realize the point of your article, 
but I'd like to communicate the following: (excuse the 
format, but I can do this much quicker by listing the 
points) 
1) With your vastly increasing police audience, and 

most probably police firearms instructors, there are 
some common ideas held by most of them that you 
may not know - I bring them up solely to possibly 
assist you - not to criticize you. 

2) There is a theory in police firearms instructor circles 
that the "startle effect" can occur when an officer is 
surprised - when such happens he may 'jump" much 
as if someone jumped out from a hiding spot and 
yelled "Boo". When this happens, muscles involun
tarily contract and if his finger is on the trigger, a dis
charge could occur with the potential for disaster. 

3) There is a theory also known by many different 
names - dual exertion of force I inter-limb interac
tion I sympathetic grip response - generally it applies 
during times of stress or near maximum physical ac
tivity - for instance if you begin to fall downstairs 
and your left hand grasps the railing, the correspond
ing muscles on you right side will contract - thus the 
finger on the trigger contracts and another potential 
disaster. 

4) In my experience, I would venture to say that most 
modern firearms instructors would not need their 
chief to mandate a finger off the trigger policy - we 
all pretty much hold the idea that it is just good 
common sense. 

5) Part of this problem dates back to when we all car
ried revolvers (and a few of us carried Colt 1911s but 
were much more into firearms than the average offi
cer). We all would stand by covering our partner 
doing a wall search with our finger in the trigger 
guard, or do a dynamic search or clearing in the same 
fashion. However, in the recent years two things 
have taken place. One, the on-going training suffers 
due to budget constraints and the wide spread transi
tions to semi-auto pistols with a single action mode 
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start to complicate things. Then you have the quality 
of incoming recruits, the marked increase of armed 
confrontations, and the list can go on but the real life 
fact is things are a lot more complicated than they 
were years ago. Thus with 15 pound trigger pulls 
you could keep your finger on the trigger and it was 
safe to do back then with revolvers only. 

6) I must admit that I am content with the general idea 
of fmger off the trigger in a lot of cases - obviously if 
we are going in on an entry and we have overwhelm
ing evidence that an armed subject is inside ALONE, 
we may alter it a little (or a lot!!!). However, one of 
the things we always preach is safety to protect each 
other - going in on a high risk entry and the 3rd guy 
in line stumbles - we don't want the 4th guy in line 
falling over him and squeezing off a round into the 
#3 man - once again a disaster. 

7) I think if you look nationwide, the FBI, the NRA 
and most major tactical associations stand by the fin
ger off the trigger idea - it is a fact of modern life. 
Once again, I recognize the focus of your article, 
but this kind of points out a few reasons why we do 
this. In addition, I've enclosed 2 advertisements I 
came across and you can see they adhere to this the
ory. So do most holster manufacturers - just about 
all duty holsters are made with a covered trigger area. 

8) Probably the most influencing litigation in this area 
is an Illinois case "MEDINA" where it just about 
says if you don't teach trigger finger position off the 
trigger, you are liable. 238111 App.3d385, 179111. 
Dec685.606N.E.2d490 (1st Dist.1992) 

9) And finally, just a note on terms that I'm sure some
one is going to write to you about (once again from 
the firearms instructors point of view): 

There has been a trend in recent years to get 
away from the term ACCIDENTAL DISCHARGE 
when it is caused by the officers finger on the trigger. 
The term most commonly used for something like that 
is UNINTENTIONAL DISCHARGE. 

Commonly today, if a gun fell off a table, hit 
the ground, and discharged that would be an accidental 
discharge. Or if it was locked in the trunk of an auto 
that caught fire and discharged - that would be an acci
dental discharge. 

If an officer was pointing the gun at a subject he 
was covering and had his finger on the trigger when he 
was surprised for some reason and fired, this would be 
an unintentional discharge. 
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THIS IS FIREARMS INSTRUCTOR TER
MINOLOGY- but with the number of new members 
in this field, you may get some letters so I'm just letting 
you know ahead of time. 

Anyway, you've done one hell of a job for the 
law enforcement profession over your career and I 
know you've saved more that just a few officer lives by 
making your expertise known. Keep up the excellent 
work and thank you. 

Lt. E. Fred Bosse 

Response: 
Thanks for your very informative letter. You 

mentioned the theory on the "startle effect" and the 
"inter-limb interaction I sympathetic grip response." I 
am familiar with what I believe to be the source of these 
theories - and I believe you forgot one: "the loss of bal
ance effect". It is my understanding that a sports medi
cine physiologist came up with these theories and pre
sented them at an IALEFI conference about five years 
ago. Several gunwriters, lacking scientific training and 
apparently utterly devoid of skepticism, picked up these 
theories and presented them as fact. These theories of 
unintentional discharges due to unconscious neurologic 
reflexes, as explanations that relieve one of individual 
responsibility, understandably, became very popular in 
the police firearms instruction community. 

Having read the article proposing these theories 
and the references cited by their author, having pon
dered the situation at length in relation to my medical 
experience and my personal experiences, and having 
consulted textbooks of neurophysiology and functional 
neurology, I have found no convincing evidence to 
support them. I suggest that before accepting these 
convenient but dubious theories one needs to consider 
the following: 
• Is flexing the index finger (or flexing all the fingers 

as in making a fist) as a result of being startled 
something we see in our daily experience? Not in 
my experience: I recall a few instances of having my 
finger on the two-ounce trigger of my bench rest 
rifle when some big ultra-loud boomer went off 
nearby; I was startled, yet never discharged the rifle 
as a result. 

• The inter-limb reflex postulates that one uncon
sciously flexes the fingers (at least the index finger) 
of the opposite hand when forcibly flexing the fin
gers of one hand - as when an officer might have to 
grab an offender (with his free hand) to control him 
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while having his finger on the trigger of his drawn 
gun. In my own experience, I don't recall any in
voluntary flexing of the fingers when doing hard 
grasping with the opposite hand. I used to be a se
rious tennis player and read everything I could on 
the subject. If this theory is correct, we should see 
in the photographs of tennis players striking a ball 
(with one handed grips) their other hand reflexly 
formed into a fist We don't. Some of the believers 
in this theory should try the simple experiment of 
having some persons perform a near-maximal 
strength flexion of one hand (such as squeezing a 
baseball bat as hard as they can) and watch their 
other hand while they do. Nobody I have tried this 
on has flexed the fingers of the opposite hand -- as 
necessary to support this theory. By the way, don't 
tell the subjects what your are looking for; and 
don't do it on anybody who has ever heard of the 
theory in question. 

• The involuntary flexing of the index finger (or all 
the fingers) as a result of losing one's balance is 
something that I have never seen either. It seems 
that if this were true, we should get skinned knuck
les when we slip and fall: in my experience it has 
always been a skinned palm. One attempts to grasp 
anything that might be available to break a fall; but 
you can only grasp it if your hand remains open 
until the object is contacted. Any automatic uncon
scious reflex to flex the fingers when balance is lost 
would thus seem to be counterproductive. 

I am concerned that the apparent foundation 
for the finger-outside-the-trigger-guard rule, the three 
involuntary reflexes discussed above, lacks valid scien
tific support - and certainly does not pass the critical 
application of common sense. The apparent universal 
unquestioning acceptance of these dubious theories by 
the law enforcement community, with what appears to 
be a total lack of skepticism, is disturbing. 

The exception that you implied where you 
might alter the finger-off-trigger policy "a little (or a lot 
!!!)" has been echoed by every experienced police fire
arms instructor with whom I have discussed this prob
lem. As you pointed out, law enforcement has widely 
adopted the ali-or-nothing, finger-outside-trigger-guard 
rule - witlwut exception I assume. Have the departments 
adopting this rule also changed their policy on the dis
tance at which an officer holds a potential assailant at 
bay concomitant with the finger-outside-the-trigger
guard rule? The increased time necessary for the officer 
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to shoot seems to me to demand evaluation of this 
situation in order to assure officer safety. Some simple 
experimentation using paint-ball guns at varying the 
distances might provide the basis for the new distance 
that seems to me to be necessary (because the reaction 
time has nearly doubled). Or would you consider this 
another situation in which you might alter the policy ? 

I recognize the problems you face with declin
ing quality of incoming recruits (or, at least, a declining 
percentage of recruits who are already proficient with 
firearms) and the other problems that you mentioned. 
But there are certain commonly encountered situations 
in which you and your colleagues apparently agree that 
unquestioning blind adherence to the finger-outside
the-trigger-guard rule can increase the risk to the offi
cer's life. The bureaucratic solution for every problem 
- making a new rule - rarely helps the problem, but just 
causes rational persons to disobey the rule when neces
sary. 

Interestingly, the photograph from the March 
issue of Law and Order (p 65) that you enclosed does 
show two officers with their fingers parallel to the barrel 
and clearly outside the trigger-guard. If you look at the 
third officer, however, (right edge of the photograph) 
you will see his finger pointing downward about 40 
degrees. Although the tip of his finger appears to be 
pressing against the side of the trigger-guard, just below 
and in front of the trigger, it appears that the side of his 
finger is in contact with the trigger. Is that a legal posi
tion according to the new rule? I just tried it with a 
handgun, and a shotgun: it appears to me that this might 
be a useful compromise position that should avoid the 
problems of unintentional discharge yet keep the officer 
aware of the position of the finger in regard to the trig
ger -- and probably allow the officer to shoot with little 
or no delay compared to a full finger-on-trigger posi
tion. 

Martin L. Fackler 

Added Comment: 
Lt Bosse and your editor had a later telephone 

conversation in which he asked if holding something in 
the hand (a handgun) might make the postulated re
flexes more likely. Good question: I am unaware, how
ever, of any evidence suggesting that. 

I want to make it clear that I agree that a lighter 
and shorter trigger pull (length of pull probably being at 
least as important as weight of pull) will make uninten
tional discharges more likely. I find unconvincing, 
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however, the postulate that these unintentional dis
charges are limited to the "startle", "interlimb reflex", 
and "loss and balance" situations. It appears to me that 
the diversion of the officer's attention from the trigger is 
the critical factor, and I suggest that there are any num
ber of things that could cause inadvertent pressure on a 
trigger while the attention is diverted elsewhere. Per
haps teaching should focus more upon alerting the offi
cer to apply undivided attention to the trigger whenever 
his or her finger is upon it. 

Martin L. Fackler 

Should Officers Keep Their Fingers On 
Their Triggers? 
CluJrles]. Key 

The suspicion raised in the editorial entitled, Police 
Qfficer Stifety Issues, 1 that police administrators, in an effort to 
decrease departmental liability, require officers to keep 
their fmgers outside the trigger guard until they have made 
the decision to shoot is desetving of a more comprehensive 
analysis. 

A police officer's defense of self or others is not 
dependent on any single criterion. Reactionary time in 
firing the weapon is certainly a primary consideration, but, 
by no means, the only one. The test conducted by the 
Georgia Public Safety Training Center showed how fast an 
officer can respond to a stimulus to fire after the decision to 
fire has already been made. It is the decision to shoot 
which is the subject of most court litigation. From the 
officer's perspective, the most difficult, time critical, and 
therefore life threatening part of a deadly force confronta
tion is the uncertainty as to whether he or she should fire, 
not how fast the shot can be fired after the decision has 
been made. 

According to the U.S. Supreme Court, a use of 
force is evaluated from the perspective of a reasonable offi
cer at the time the use of force occurs.2 An officer's evalua
tion of the necessity to use force may be predicated on 
many variables: 1) whether the opponent is or appears to be 
armed; 2) the type of offense committed; 3) the suspect's 
size, demeanor, and physical skills' potential; 4) the prox
imity of innocent civilians; 5) the officer's knowledge of 
the adversary's history of violence; 6) the number of adver
saries; and 7) other considerations too numerous to list in 
this writing. It is officers' evaluations of all the factors pres
ent in the situations they encounter which will subject 
them and their administration to review by the courts. Of-
Vol 3, No. 2 

ficers must rapidly evaluate the myriad factors confronting 
them under extraordinarily stressful circumstances and 
react appropriately in a fashion which both ensures their 
physical sutvival and protects them from the intensive 
scrutiny of our less than friendly (to police) legal system. 

In my more than twenty years of researching the 
law pertaining to police officers' use of force, I have never 
found a case which held a department or its administrators 
accountable for failing to properly train officers where to 
keep their fmgers on a weapon. One of the reasons there 
are no cases involving this specific issue is that police 
trainers have been training officers to keep their fmgers 
outside the trigger guard since, at least, the 1950's (I have 
seen a training film dated in the fifties which depicted the 
fmger outside the trigger guard technique). The other 
reason is that it would be extremely unlikely for a court to 
hold a police department accountable for insufficiently 
training its officers on the sole basis of where the officers 
place their fmgers. 

Why, then, do police trainers instruct their officers 
to place their fmgers outside the trigger guard? Unlike the 
suspicion expressed in the editorial, there are a number of 
very sound reasons why officers must keep their fmgers 
outside the trigger guard until they are prepared to shoot. 
Their personal safety is a paramount consideration in this 
training. In the early 1990's, a police officer in Baltimore 
shot himself in the head while struggling with a drug sus
pect who had turned on him suddenly. The suspect could 
not be charged with attempting to murder the officer pre
cisely because the officer had shot himsel£ The reason the 
officer shot himself is because he probably wasn't aware he 
had his fmger on the trigger while fighting with the suspect. 
During a fight for one's life, epinephrine is released into 
the system and fme motor skills and senses are diminished; 
therefore, officers may not know where their fmgers are 
and will be less capable of controlling convulsive or sympa
thetic muscle constrictions. Training which reinforces the 
fmger's placement outside of the trigger guard reduces the 
likelihood of this kind of tragedy. 

This problem is neither new or unique to Balti
more. In a ten year period between 1984 and 1993, fifty
two (52) officers died as a result of accidental shootings 
(three of these were self-inflicted).3 While the statistics are 
not specific as to where the officers' fingers were, it is a 
given that their fmgers were on the trigger when the 
weapon discharged (malfunctions causing spontaneous 
discharge are extremely unlikely). Considering the acci
dental classification of the shootings, it is also a given that at 
least some of the officers who shot other officers or them-
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selves had their fmgers inappropriately on their weapons' 
triggers. The number of officers who were accidentally 
killed exceeded the number of officers who were killed by 
shotgun (51), by knife (12), bomb (2), "personal weapons" 
(6), or "other" (40).4 The problem, then, in teaching offi
cers how to avoid accidentally shooting themselves or other 
officers is as crucial as teaching them how to defend them
selves against any other threat. 

Another reason why officers must keep their fm
gers outside the trigger guard until prepared to shoot is, at 
least, tangentially connected to officer safety and directly 
connected to the safety of the public. Police instructors 
have the responsibility to officers to teach them how not to 
end up in jail as a result of criminal proceedings or be the 
recipient of an order to pay punitive damages in a civil trial. 
In Maryland in the last six years, two officers have been 
convicted of involuntary manslaughter and reckless endan
germent for having their fmgers inappropriately on the 
trigger. In one case, Officer Christopher Albrecht of the 
Montgomery County Police Department, served eight 
months of a two year sentence and is now a convicted 
felon. His conviction was almost solely due to the fact that 
he had his fmger on the trigger when a circuit court judge, 
using the wonderful powers of 20/20 hindsight, found it 
was inappropriate for him to do so. 5 In another case, State of 
Maryland v. Stephen PagotltJ, 6 a Baltimore police officer was 
also convicted of the felony of involuntary manslaughter 
and the misdemeanor of reckless endangerment. He was 
sentenced to serve three years in prison. A critical element 
in the prosecution's case against Sergeant Pagotto's was that 
his finger was inappropriately on the trigger. Sergeant Pa
gotto's case is currently being appealed and, perhaps, this 
time the Maryland Court of Appeals will recognize the 
danger of holding police officers criminally accountable for 
violating training guidelines and rule accordingly. 

Nor are criminal prosecutions of police officers 
exclusive to the State of Maryland. Cops are being prose
cuted throughout the country. In every instance their 
training is a salient part of the prosecution's case. For ex
ample, in State of Michigan v. Glen Price, the prosecution and 
defense relied heavily on police department training in 
presenting their cases? The defense case was that Detroit 
Police Officer Glen Price's weapon accidentally discharged 
when he stumbled during a confrontation with a man Price 
believed was breaking into his car. The shot killed a ten 
year old child who was standing across the street. Officer 
Price was convicted of second degree murder. His case is 
currently on appeal. 

Space does not permit an in depth review of the 
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particulars of all the cases where police officers have been 
found guilty of crimes while enforcing the law. It can be 
said that, in most cases, the officers were confronting po
tentially dangerous opponents whom the officers reasona
bly believed were possibly armed, potentially involved in 
violent actions or felonies, and constituted a threat to 
themselves or others. Their situations are analogous to 
" .. .  going into a dark alley after an armed adversary ... ".8 
Contrary to the assertions by "experienced and knowledge
able police firearms trainers",9 officers should never go into 
a dark alley after an armed adversary with fmgers on their 
triggers. Police instructors train officers to always expect 
and be ready for the unexpected: the midnight jogger run
ning through the dark alley; a grandmother looking for a 
wayward cat; the unannounced plainclothes back-up unit 
suddenly appearing, gun in hand, to help look for the sus
pect. An adrenaline pumped officer whose fmger is on the 
trigger could be startled into making a mistake that would 
forever haunt his or her conscience and possibly suffer the 
fates of the officers mentioned above. 

Officers who have been properly trained and are 
adhering to that training, must evaluate the situation before 
frring. That evaluation can take a third of a second or sev
eral minutes, but there is no escaping that it must take 
place. It is the time taken to analyze the situation that pres
ents the greatest threat to officers, not the time it takes to 
move the finger inside the trigger guard and pull the trig
ger. Police training programs have to include options 
which offset the perceived disadvantage of not having a 
fmger on the trigger and create, as nearly as possible, a safer 
environment while the officer assesses the lethal threat. 
Some options might include: calling for back-up units and 
awaiting their arrival, if possible, before entering the alley; 
going to available cover; maintaining appropriate reaction
ary distance from the suspect; and verbally challenging the 
adversary. 

Real life and death situations promote a level of 
stress and present conditions which cannot be exactly du
plicated in training; therefore, all of the options from the 
most comprehensive training program may not work in the 
"real world" In the "real world" officers go down dark 
alleys after armed adversaries and, in the "real world", offi
cers will die. These realities create a powerful impetus for 
well intentioned police trainers to attempt to give the offi
cer every advantage. Sometimes, however, a perceived 
advantage is, in reality, a severe disadvantage. 

Responsible police trainers should fully examine 
all aspects of a concept before adopting it. It was suggested 
in the editorial2 that a study be conducted to determine if a 
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police officer can be disarmed when the fmger is not on the 
trigger due to the increase in time it takes to frre the 
weapon. It is not necessary in this case to conduct a study, 
because there is ample information available which dem
onstrates that a police officer can be disarmed when the 
fmger is on the trigger and the officer is within arm's reach 
of an adversary. Techniques demonstrating the disarming 
of an individual whose fmger is on the trigger have been 
part of officer survival training for decades. The Federal 
Bureau of Investigation devotes a chapter of its defensive 
tactics manual to the techniques.2 In Sutviving Edged Weap
oni there is a segment devoted to how fast an adversary 
armed with an edged weapon can close with officers and 
injure them. Information in the tape indicates that tests 
were conducted with hundreds of officers to determine a 
safe reactionary distance for officers when they have their 
weapons drawn or when their weapons are holstered. 
While I don't necessarily agree with all of the methodology 
or conclusions in the tape, I have used the tape many times 
to demonstrate how easily and quickly an officer can be 
overpowered by unarmed assailants or assailants armed 
with impact or edged weapons. It is logical to conclude, 
then, that not having the finger on the trigger would put 
the officer at greater risk unless, of course, the officer in
creases the reactionary distance from the opponent. After 
the study conducted by the Georgia Public Safety Training 
Center, it would also be logical to conclude that not having 
a fmger on the trigger would add .312 seconds to Calibre 
Press's fmdings. 

A responsible training program cannot fully ad
dress the safety concerns of officers by only considering 
one aspect out of the myriad factors present in a police offi
cer's use of force. On the face of it, allowing officers to 
keep their fmgers on their triggers prior to the time when 
they have made the decision to shoot might seem to be 
prudent. After all, a mean of .312 seconds 13 longer to frre a 
weapon can, quite literally, be a lifetime to an officer. 
When all other factors are considered, the .312 second ad
vantage does not outweigh the accidental deaths and inju
ries of officers and civilians, nor the risk of officers going to 
prison. 

The days when how fast and how straight a law
man could shoot were the only factors in ensuring his sur
vival are as dead as the desperados in Boot Hill. Today's 
lawman faces challenges and risks not imagined by the 
sheriffs of yesterday. Legendary frontier lawman Wyatt 
Earp has been quoted as saying, "Fast is Fine, Accuracy is 
Final." That advice still holds true, but it has become ter
ribly convoluted in today's world. In addition to the weap-
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ons' skills of officers, accuracy and speed now refer to how 
quickly and how correctly officers assess the deadly situa
tions confronting them. Whether they agree or not, mod
em police trainers have to understand the complexity of the 
issues that our system of justice imposes on police and 
teach techniques which will help officers survive during a 
gunfight and after the smoke has cleared. Fingers off the 
triggers allow the police an extra split second to evaluate 
whether they have to frre, and, on balance, offers them 
greater protection than frring an instant faster. 
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Comments on the ''finger on/off' 
the trigger" issue 
Dutuan MacPherson 

The "finger on/off the trigger" study in the Vol
ume 3, # 1 issue of the Wound Ballistics Review has been 
of considerable interest and has initiated the two 
thoughtful letters from experienced law enforcement 
officers that are printed above. I have observations on 
this issue from my experiences in engineering and with 
handguns, and from thinking about related issues over 
many years. This perspective is a little different from 
the observations of Bosse and Key, but my conclusions 
are similar to theirs. 
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1) Most law enformnmt offrars are not in tire business of 
engaging in gunfights with suspects, they are in tire busi
ness of taking suspects into custody. 

Law enforcement officers can end up in gunfights 
in the course of their activities, but for most offi
cers this is rare. Typical officers will take hundreds 
of persons into custody for every gunfight they 
have. Even if the "go quietly" cases are ignored, 
there will be scores of greater or lesser physical 
force confrontations for every gunfight. Officers 
should be physically and mentally trained for a 
gunfight, but the training they receive and the 
equipment and techniques they use must be ap
propriate for their principle activities. It might be 
thought that a technique that produces an unin
tended discharge one time in 100,000 incidents has 
an acceptable failure rate, but a consideration of the 
total arrests in the country shows that this would 
still produce an unacceptable number of unin
tended discharges. This kind of failure rate can 
only be achieved by adopting what are sometimes 
called "fail safe" practices in engineering; "fail safe" 
means that one thing can go wrong without caus
ing catastrophe. Everyone who has received good 
firearms training has been taught fail safe practices 
to cut down the risk of gun accidents. These prac
tices include not pointing the gun in the direction 
of a person you do not contemplate shooting, 
leaving the safety on if you have no intention of 
firing, and not touching the trigger if you do not 
intend to fire. Law enforcement officers cannot 
shoot suspects without appropriate cause (even in 
those cases when this would unquestionably make 
the world a better place), and don't want to inad
vertently shoot anyone (other officer, bystander or 
suspect) . All of this means that officers have to at 
least consider fail safe practices in gun handling 
that would not be necessary if the only issue of 
concern was gunfight performance. 

2) One size doesn't fit all. 

14 

When I was trying to teach myself handgun 
shooting over a period of three or four years, I shot 
about 1000 hardball equivalent rounds of .45ACP 
ammo a week in training exercises plus some .22 
conversion unit shooting to develop the kinesthet
ics necessary for unsighted fire. All of this shoot
ing started with the gun safely in a practical holster 
and had both speed and accuracy as goals. Anyone 

who has done this kind of training in any physical 
activity knows the kind of "feel" that develops with 
repetition, and that result of this "feel" is a large re
duction in the probability of unwanted actions. I 
believe that this level of firearms training develops 
kinesthetic skills in gun handling that tend to avoid 
many unintended discharges. Unfortunately, 
many law enforcement officers have not under
taken this level of training, and would not do so by 
choice even if the opportunity was offered. All 
other things being equal, these officers are more 
likely to have an unintended discharge than those 
who are better trained. Any policy needs to be 
appropriate across the spectrum of skill levels. 

3) Something is not necessarily untrue just because 
academicians do not understand it. 

Academicians love to propose theories and often 
do so without any firm basis; there is nothing really 
wrong with this because it can lead to progress in 
understanding, but this can also lead to confusion 
when readers don't realize that these theories can 
be nothing more than ideas with little or no hard 
supporting evidence. Dr. Fackler has pointed out 
difficulties in the "startle effect", the "inter-limb 
interaction/sympathetic grip response effect", and 
the "loss of balance effect" theories in his com
ments above. Assuming Dr. Fackler is correct (as 
usual) does not mean that having a finger on the 
trigger presents no risks; it merely means that these 
academic theories are incorrect or simplistic expla
nations of the risks. An unintended discharge is at 
least somewhat more likely with a finger on the 
trigger; this is self evident, and complicated 
physiological theories are not required to explain it. 

4) Gun games are not combat 
Sport shooting can be fun; I have done it with rifle 
and shotgun and enjoyed it. I have never done it 
with a handgun because I always worried that this 
would be counter productive to useful training. 
Combat requires using the pistol and holster you 
carry all day, not special equipment. The problem 
with gun games is that you can't be competitive 
without taking advantage of what the rules allow, 
and training to do what the rules allow is not al
ways the best thing training to have when the chips 
are down. "Combat" handgun games have always 
been flawed by an inability to legislate practical 
holsters, and training to use impractical holsters is 
not wise if serious gun use is the goal. Very highly 
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tuned and expensive competition guns have been 
in play for some time and are now beginning to 
resemble something out of Star Wars; training to 
use these guns is of dubious practical utility. Light 
single action trigger pulls are an inevitable feature 
because they facilitate higher scores, but they also 
obviously exacerbate any problems with unin
tended discharges. Unintended discharges are not 
an issue in the artificial competition scenario with 
highly trained competitors, but they are in law en
forcement. The top competitors in "combat" gun 
games have outstanding shooting skills that they 
could apply well under very different conditions, 
but these skills are a result of both innate talent and 
extensive practice, and have little applicability to 
the issues facing the typical law enforcement offi
cer. The officer who trains under gun game type 
rules is probably better off than the officer who 
doesn't train at all, but is not nearly as well pre
pared as an officer who trains with more practical 
equipment under more practical conditions. 

5) Playing difense is a huge disadvantage, and is far 
more important than anything else 

The most important disadvantage of law enforce
ment officers in gunfights is the requirement that 
deadly force cannot be initiated until an unambi
guous physical threat takes place; e.g., a suspect 
must actually be seen reaching for his weapon. 
This disadvantage is overwhelming due to reaction 
time effects and the inevitability of tiny flaws in 
maintaining vigilance, and is not widely under
stood. A well trained and equipped man with gun 
in holster and hands up who is willing to kamikaze 
(risk being killed in order to kill) has an excellent 
chance of killing the man who is holding him at 
gunpoint (with finger on the trigger) and who 
must wait to fire until he recognizes hostile action. 
Having finger off the trigger in this scenario obvi
ously would make things worse (and at least ar
guably is not necessary), but the real problem is 
still the requirement for a defensive response. 
Fortunately, persons with the discipline to be well 
trained do not usually engage law enforcement of
ficers in combat. 

6) Training is mandatory 
Examination of the data given in Ojfuer Reactwn -
Response Times in Firing a Handgun raises the suspi
cion that some of these officers had never before 
responded with finger outside the trigger guard. 
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The finger on the trigger data shows a variation in 
reaction time, but on balance, consistent results. 
The finger outside the guard data does not have 
this kind of consistency; some officers showed 
small delays relative to their performance in the on 
trigger tests, and others showed huge delays. It 
seems obvious that the differences between the 
two finger positions is a result of inadequate train
ing of some of the officers tested, and that these 
differences would be reduced if appropriate train
ing with finger off the trigger was a prerequisite. 
In general, training should be preparation for field 
conditions, not "qualification" under artificial 
conditions. Specifically, a "finger off the trigger" 
policy requires training in' gun handling and firing 
in that mode. 

7) Putting hands on the suspect is the critical time 
Physical contact with the suspect being taken into 
custody increases both the need for rapid capability 
of response to real hostile threats and the risk of 
unwanted discharge as a result of the suspect doing 
something stupid. Finger off the trigger not only 
delays response, but (at least potentially) exacer
bates gun retention concerns. It seems hard to dis
pute that finger on a long, reasonably heavy double 
action trigger pull is better than anything else in 
this scenario. It also seems obvious that finger on a 
crisp, light single action trigger pull in this scenario 
is an accident waiting to happen. 

8) The bottom line 
• Law enforcement officers must respond defen

sively; they can't shoot suspects on suspicion. 
• Law enforcement officers must use gun handling 

practices that reduce unintended discharge rate as 
low as possible; in particular, they must have a 
good reason for having a finger on the trigger. 

• Law enforcement officers should be trained well 
enough to have good gun handling practices be 
instinctive. 

• Light, crisp single action trigger pulls are great for 
sport competition, but not so great for typical law 
enforcement use when suspects must be taken 
into custody. 
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Abstract 
The tffect of the amwr supporting stmcture in the dy

namics of body amwr penetration has been investigated experimen
talJy. Various bullets were used in the course of testing, but bullet 
&formation and angle of attack tffects introduce dispersions that can 
only be eliminated wilh steel sphere projectiles. The elimination of 
&formation and angle of attack tffects by using steel sphere projectiles 
pennils a good evaluation of both the random variability in the ar
mor performance and the tffect of different amwr backing materials. 
The random variability in amwr performance is surprisingly large 
relative to variation in most other ballistic parameters. Car�l 
measurements show that the amwr performance appears identical for 
all backing materials that do not supporl a significant shear force and 
that any tffect of impacts off perpendicular by J(f' is very small. The 
logical COnseiJ.Uences of the improved underst4nding of practical amwr 
penetration dynamics supporl the conclusion that the controversial 
NIJ backface signature requirement should be abandoned. 

Introduction 
There has been a history of controversy relative to 

body armor testing. 1,2 Much of this controversy involves 
criticism of elements in the NIJ body armor testing proto
col that have little or no reasonable justification, but which 
make armor less comfortable to wear if these standards are 
met. It is obvious to thoughtful observers that the effect of 
comfort on wear rate is the most important factor in 
minimizing law enforcement lives lost, but the NIJ has 
made no apparent effort to recognize and deal with this 
issue. This conflict has been exacerbated by the observa
tion that shootings in service have often resulted in armor 
substantially outperforming its rating (e.g., a CHP officer's 
IIA vest stopped three .44 Magnum 230 gr.JHP loads). 

The dynamics of Kevlar in response to bullet impact 
has been analyzed in considerable detail as an input to soft 
body armor design; Reference 3 gives the basics of this ap
proach with l:iter proprietary work providing more general 
computer programs.4 The modeling of stress wave propaga
tion in Reference 3 gives good insight into the qualitative re-
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sponse of a layer of Kevlar fabric to bullet impact, but it is  less 
clear what the effect of multiple layers of fabric and/or the ma
terial backing up the armor (these are obviously related) is on 
the stress propagation and resulting fabric rupture. A test pro
gram seemed to be both simpler and more reliable than 
analysis in quantifYing these effects, and so was initiated. All of 
the testing described in this paper used armor manufactured by 
PACA to State of California specifications generated many 
years ago and still standard CHP issue armor as of early 1m. 
This PACA armor consists of two panels front and back each 
having 8 layers of 100% Kevlar 29 Amarid, Zepel D treated 
fabric; i.e., there are 16 layers ofKevlar fabric on both the front 
and back of the vest 

The test program was expected to be reasonably 
simple and straightforward, but this was not the case; 
obtaining useful test results was much more difficult 
than originally anticipated. The early tests and false 
steps which comprised this learning process is described 
in the "Early Testing" section, although detailed test data 
is not given for these early inconclusive tests. This 
somewhat unconventional candor is used not only so 
readers will be aware of relevant background and be 
exposed to the educational experience the authors went 
through, but also to give heart to those who have trou
ble with their own tests - testing rarely goes as cleanly as 
most written descriptions imply. Readers who are in
terested only in the final results can skip this "Early 
Testing" section and . go directly to the "Experimental 
Test 4" section that starts the description of the defini
tive testing. 

Early Testing 
1992 CHP Testing and lUsulting State 
of California Procedures 

Testing done by one of the authors (Fincel) in 
1992 using the then CHP standard issue Remington 125 
gr . . 357 Magnum round had no gelatin backed body armor 
penetrations (in about 40 shots) and about 5% of shots 
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penetrating clay backed armor. This experience and several 
service shootings that showed a variance from NIJ test re
sults convinced the State of California (who had never 
considered the controversial NIJ backface signature impor
tant) to develop their own armor procurement standards 
and test protocol (for the CHP and other organizations). 
The State of California sometimes uses gelatin as backing 
in non-production lot armor penetration tests. The armor 
is always "patted down" between shots. The "good hit" 
constraints on impact spacing and location relative to edges 
are similar to the NIJ specifications. The standard test 
rounds in the State of California certification are essentially 
those used by the NIJ in IIA rating certification. 

Experimental Test Background 
It seemed likely that the use of clay as a backing 

rather than gelatin could cause testing conservatism be
cause clay is about 1 .6 times as dense as tissue (and so is 
a poor tissue simulant) ; it was thought that this effect 
was a major factor in the CHP experience in testing and 
in service use. These CHP results became well known, 
and contributed to the general belief by critics of the NIJ 
armor test protocol that the use of clay backing was an im
portant factor in the observed conservatism of the testing 
relative to service use. In 1994 two of the authors 
(MacPherson and Fincel) decided to design body armor 
testing to investigate the basic phenomenology of body 
armor penetration in order to better understand issues re
lated to practical armor service and testing. These basic 
questions included: 
• Why does armor service performance seem better 

than test results? 
• What is the real difference between clay and gelatin 

backing? 
• Is there a backing that is easier to use than gelatin 

and more realistic than clay? 
• What is the significance of backing and how does 

this relate to how the armor fits? 

Experimental Test 1 
There has been a continuing interest outside 

the NIJ in obtaining a backing other than clay for armor 
testing. The principal advantage of clay is the ease in 
measuring backface signature. Since most users are 
much more concerned about stopping the bullet than 
they are in the blunt trauma resulting from a large 
backface signature, the perceived dynamic inferiority of 
clay made it seem a very undesirable choice for backing 
in armor testing. Gelatin was thought to be much more 
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valid dynamically, but is inconvenient to make and 
somewhat inconvenient and messy to use in armor 
testing. One of the authors (MacPherson) developed 
the concept of a vinyl and foam rubber backing that had 
a density similar to tissue and constructed a sample and 
test fixture in late 1994. In April 1995 two of the 
authors (MacPherson and Fincel) conducted a test ses
sion to compare armor penetration with this test mate
rial sample, gelatin, and clay backings. Tests rounds 
included the Winchester 125 gr . . 357 Magnum round that 
replaced the Remington issue round (prior to adoption of 
the .40 S&W by the CHP). The original Remington round 
was not conveniently available for retest because this was 
not critical to the planned investigation and the difference 
between the two rounds was very small and was not ex
pected to be important. 

The initial test results were surprising because 
the Winchester 125 gr . .  357 Magnum round consis
tently penetrated with both gelatin and clay backing. It 
was unclear whether this result was due to some uni
dentified small variation between the Winchester and 
Remington, or to some variation in the armor between 
the 1992 and 1995 tests. 

This April 1995 testing indicated a possible difference 
in armor penetration between clay and gelatin backing, but the 
magnitude of this difference was much smaller than antici
pated and uncertain due to data scatter. The alternative back
ing appeared to perform like gelatin as expected, but quantifi
cation was dubious due to the small effect of backing material 
change; any differences between the three backings was much 
smaller than the shot to shot data scatter. 

It was anticipated that the penetration process would 
be generally linear; i.e., the number ofKevlar layers penetrated 
would increase approximately proportionally to velocity in
crease above some threshold that gave penetration of the first 
couple oflayers. Various loads and guns were used to test this 
effect. The expected behavior was not realized for the tested 
rounds because only a very small velocity change was required 
to go from penetration of about 6 or less Kevlar layers (i.e., a 
stop in the first panel) to full penetration of all 16 layers (full 
vest penetration). This velocity change was so small (a few 
tens of ft!sec) that it was within round to round variation. The 
consistency of full penetration variation between 6" and 8" 
barrels (about 30 ft!sec average velocity difference) seemed to 
clearly indicate that this was unlikely to be only an effect of 
unlucky variance in panel penetration properties at different 
locations (although this could be a factor). While the velocities 
required for full penetration with these JHP bullets had little 
variation, the degree of partial penetration with velocity in these 
tests seemed to have significant data scatter. This effect was 
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found to be real and partially explained by insights gained from 
later testing (described below). 

It was now clear that the differences between 
penetrations with gelatin and clay backing observed in the 
1992 testing were a consequence of using a round that was 
very near the very sharp demarcation between a stop within 
a few Kevlar layers and full penetration. At this point it was 
not clear whether a small difference between clay and gela
tin backing was enough cause crossover to the no penetra
tion side of the line, or whether round-to-round variation 
in deformation during penetration was the dominant effect, 
or whether the whole variation was just a statistical effect 
(no chronograph readings to detect round-to-round varia
tion were made in the 1992 testing) . Whatever the cause, it 
was clear in retrospect that lack of knowledge of this dra
matic demarcation had led to a simplistic interpretation of 
the 1992 test results. 

A major conclusion from this test was that body 
armor tests show round-to-round performance varia
tion in partial penetrations that is large compared to the 
variation in most ballistic testing, and that one conse
quence of this effect is great difficulty in separating real 
physical effects from data scatter. Observation of re
covered bullets shows a round-to-round variation in 
deformation due to armor penetration that is greater 
than that usually seen in gelatin penetration; this varia
tion is almost certainly a factor in the round-to-round 
variation in armor testing with JHP ammunition. 

Experinrental Test 2 
After the first test session, it was decided to use 

steel bullets to avoid the effects of bullet deformation. 
Four steel bullet shapes were selected and these designs 
were manufactured and handloaded with sabots in the .40 
S&W to a range of velocities for the next testing session. 

The effects of body armor age on penetration 
performance is a regular part of the CHP testing plan. 
This standard testing is repetition of the testing done at 
armor acceptance several years later with unused armor, 
and a comparison of these results to the acceptance tests. 
No pure aging effects (i.e., the absence of ultraviolet 
light exposure and service use) have ever been detected 
in this testing. To verify the absence of any effects of 
armor aging and eliminate any effects of testing done 
years apart, tests were run on 1994 and 1988 armor in the 
same testing session using the steel bullets. This steel bul
let testing was expected to show smaller data scatter due to 
the elimination of expansion variation. This testing session 
used gelatin backing throughout; the four bullet shapes and 
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the two armor samples gave more than enough variables to 
contend with. 

This testing session was conducted in May 
1996 by two of the authors (MacPherson and Fined) . 
To our surprise and disappointment, the data scatter was 
not noticeably reduced by the steel bullets, although the 
absence of deformation did seem to make the demarca
tion between some penetration and full penetration less 
abrupt. There was no detectable difference in penetra
tion between the 1988 and 1994 armor for any of the 
bullet shapes; this was not a surprise because this result 
merely validated the historical CHP testing. At this 
point, the absence of any theoretical or experimental 
evidence to the contrary led us to dismiss armor aging as 
a significant factor in armor performance. 

Contemplation of the results of this testing ses
sion led to a decision to use only a single steel bullet 
shape (a blunt cone) to simplify future testing. The 
multiple bullet shapes (a round nose and three different 
blunt cones) did not provide any fundamental informa
tion, but made it more difficult to collect enough data to 
deal with the still present problems of data scatter. 

Experinrental Test 3 
It seemed possible that at least part of the expla

nation for the superior armor performance in the field 
relative to testing was a result of impact at an angle (i.e., 
bullet velocity not perpendicular to the armor surface) .  
Perpendicular impacts have dominated armor testing as 
the stressing case, but most service impacts are at least 
somewhat off perpendicular. It also seemed possible 
that the effect of off perpendicular impact might differ 
between gelatin and clay backing, so this backing varia
tion was included in the test planning. Both of these 
conjectures (clay vs. gelatin backing and impact angle) 
were tested by firing the selected steel bullet design to 
obtain impacts perpendicular and 30° off perpendicular 
with both clay and gelatin as armor backing. 

This testing session was conducted in August 1996 
by all of the authors. As before, there was considerable data 
scatter. A careful examination of the bullet impacts clearly 
showed that there were angle of attack effects in the steel 
bullet penetrations (angle of attack is the angle between the 
bullet axis and bullet velocity vector) . It appeared that even 
small bullet angles of attack at armor impact lead to some 
overturning during penetration, which increases the con
tact surface and reduces the penetration. In retrospect, it 
was also clear that these angle of attack effects exist in JHP 
bullet penetrations, and that these effects are an important 
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contributor to the observed variation in JHP bullet defor
mation. It is good to finally understand this effect and to 
recognize that this source of variation will always exist in 
service ammunition penetrations, but it creates a problem 
in masking other phenomenology in testing. 

With no significant decrease in data scatter, it is 
not surprising that these tests showed no detectable dif
ference between gelatin and clay backing in armor 
penetration. The tests also did not show a detectable 
difference between perpendicular and 30° off perpen
dicular impacts; some small variation could have been 
masked by the data scatter, but it seemed unlikely that 
angle of impact was the "smoking gun" which could 
explain the difference between test and service armor 
penetration results. 

Experi mental Test 4 
The principal conclusion from all of the testing 

done to this point (August 1996) was that a reduction in 
data scatter was required to make any progress in this 
empirical approach to quantifying the effects of armor 
backing in penetration dynamics. The obvious bullet 
design to minimize penetration complications is a steel 
sphere because it will not deform in ordinary soft armor 
penetrations and has no angle of attack effects. The 
sphere selected for future tests was the 9mm steel 
sphere used in data collection for the bullet penetration 
model (defined in Reference 5). 

The first steel sphere penetration tests were de
voted completely to determining the effect of the armor 
backing on penetration. The backings tested were gelatin, 
clay, wood (softwood 2X6), and an ordinary polyester fiber 
filled pillow; this assortment spanned the reasonable spec
trum of support. This testing was conducted in December 
1996 by the authors. 

As expected, the steel spheres had smaller penetra
tion dispersions than the bullets used in previous testing; 
the remaining data scatter was large enough to be incon
venient, but no longer precluded high confidence interpre
tations of dynamic effects. The data collected for the four 
backing materials are shown in Figures 1-4; the graph co
ordinates are the number of Kevlar layers penetrated (N) 
and the velocity measured by the chronograph. The armor 
is located about 2 feet downrange from the chronograph 
stop screen, so the difference in measured and impact ve
locities is inconsequential and is ignored. If a Kevlar layer 
has three or more fabric threads broken by the projectile, it 
is counted as penetrated; if it is difficult to determine 
whether 2 or 3 fabric threads have been broken, the layer is 
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counted as half penetrated. 
Straight lines are drawn on each of Figures 1-4 

to represent an approximation of the data. The true 
model of these parameters is not known and probably 
not linear, but the uncertainties due to data scatter make 
this simple fit as representative as any other choice. The 
near linearity in the data fit obviously does not extend 
beyond the region shown in the Figures because several 
shots at velocities above 1400 ft/sec in Figures 1 ,  2, and 
3 penetrated all 16 layers of Kevlar and significant 
backing material. The same functional penetration 
characteristic seen in Experimental Test 1 (a very small 
velocity increase above a critical threshold changes 
penetration from partial to complete) was evident in this 
test, although this effect was n(')t as extreme. The differ
ence was that partial penetrations to about 12 Kevlar 
layers were obtained with the spheres rather than about 
6 layers with JHP bullets; this increase in layer penetra
tion threshold appears to be due to the absence of de
formation effects (this effect was noticed less conclu
sively with the steel bullets) and the absence of angle of 
attack effects; 

The precise source of the data scatter remaining 
in these steel sphere penetrations is uncertain. The 
physical examination and assessment of penetrated lay
ers is usually easy and unambiguous and is repeated as a 
check; this is not a significant source of data scatter. 
The chronograph has an internal check measurement 
(data samples with an inconsistency here are not used) 
and gives results known to be reasonable for various test 
rounds. The test was conducted indoors in controlled 
temperature conditions. The armor is patted down to a 
standard and consistent configuration between shots. 
Impacts close to a previous impact or close to an edge 
are not used (and all of the data points most at variance 
with the fits were triple checked to ensure that this had 
not been overlooked) . Many of the data points showing 
the dispersions were taken on the same 16 layers of 
Kevlar, eliminating panel-to-panel material or con
struction differences as a significant source of the data 
dispersions. Under magnification, the Kevlar fabric 
appears very uniformly woven with no obvious varia
tion in appearance of the threads. Despite this appear
ance, it seems inescapable that the source of the data 
scatter is some variation in the Kevlar thread or the 
woven fabric response to bullet impact. 

In retrospect, it seems clear that the historical em
phasis on pas�fail testing of armor has obscured phenome
nological understanding of important effects in soft body 
armor penetration that are shown in the partial penetra-
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tion testing of this investigation. 

Effect of Armor Backing Materi al 
on Penetration 

The straight line data fits shown in Figures 1, 2, 
and 3 are identical. These fits are reasonable for the 
data and despite the data scatter, any reasonable straight 
line fit chosen for these Figures will be close to the line 
given. This is the equivalent of saying that the effects of 
gelatin, clay, and pillow armor backing are so similar 
that the differences cannot be detected. This result may 
seem so surprising that it is well to remember that to the 
authors' knowledge no test has ever been run with this 
degree of effort and success in eliminating the deforma
tioJ? and angle of attack effects that obscure this result. 

In retrospect, the equivalence of gelatin, clay, 
and pillow armor backing can be rationalized analyti
cally. The backing is important in the modeling of 
stress wave propagation described in Reference 3 only if 
the backing introduces forces that significantly alter this 
stress wave propagation. The inertial forces due to bul
let contact with armor backed with gelatin are high 
(depending on assumptions, but usually at least 1000 
pounds) and are about 60% higher for clay, while these 
inertial forces are very small with pillow backing. It 
superficially seems that this large variation in force 
should make a difference, but the test data clearly shows 
that the stress wave propagation in the Kevlar is not 
significantly altered by the inertial forces in these back
ing materials. These inertial forces don't effect stress 
wave propagation (or armor penetration) significantly 
because they are nearly perpendicular to the fabric 
threads, because the stress wave in the Kevlar is initiated 
before these forces rise to their full value, and because 
even these high forces do not reduce the bullet velocity 
dramatically during very short penetration distances. As 
a result of these dynamic conditions, the total force on 
the penetrating bullet is almost all due to forces in the 
Kevlar fabric, with inertial forces in the armor backing 
being relatively insignificant. As a result, gelatin, clay, 
and pillow armor backing all produce the same penetra
tion results to the accuracy that can be measured. The 
theoretical model of Reference 3 leads to the highest 
Kevlar layer penetration with the pillow backing and 
lowest with the clay backing, but the tests show that 
these theoretical differences are too small to measure 
(and too small to have practical significance). 
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As Figure 4 shows, wood backing does produce 
demonstrably different penetration than gelatin, clay, 

and pillow armor backing. Deformation of wood requires 
significant shear force in addition to inertial forces that are 
somewhat smaller than the inertial forces in gelatin during 
bullet impact. The test data shows that this combination of 
forces is large enough to off load some of the forces in the 
Kevlar fabric, thus driving penetration velocities higher. As 
should be expected, this effect is small when few fabric 
layers are penetrated and larger as full armor penetration is 
approached. Note that the crushing stress levelS: intro
duced directly into the fabric by the projectile impact are 
inconsequential because they are limited to the level the 
wood will support (which is far below the Kevlar strength 
level). This is not at all true if the backing has a much 
higher yield strength. It is easy to make a hole in a Kevlar 
fabric layer by placing it on a steel anvil and hitting it with a 
very modest blow from a steel carpenter's hammer. 

This qualitative description of the effect of differ
ent backing materials on armor penetration would be very 
hard to quantify analytically, but the test results provide 
satisfactory quantification without analytical uncertainties. 
Several useful observations can be made from this under
standing of the effect of armor backing: 
1) At least some, perhaps much, of the superior in service 

armor penetration performance relative to test may be 
due to having bullet impacts located in the rib cage area 
of robust, lean males. The shear resistance provided by 
this body structure would tend to provide the same sort 
of resistance to penetration that wood backing does (the 
effect may be quantitatively larger or smaller depending 
on location). This protection would be reduced or 
eliminated whenever the bone structure was covered 
with a significant layer of soft tissue (the breast area in 
lean females or almost any area in corpulent bodies of 
either gender). 

2) A snug fit of the armor should be advantageous in rib 
cage area impacts as described in 1) above; fit doesn't 
matter in areas where the armor is backed by soft 
tissue. 

3) It is not necessary to spend hundreds of dollars on Roma 
Plastilina clay or to go to the expense and labor of mak
ing gelatin to do satisfactory body armor penetration 
testing; just buy a $5 pillow at Walmart. 

4) The backface signature in clay does not represent 
forces that are important in stopping the bullet. The 
backface signatures in gelatin or the pillow can't eas
ily be measured (they are not permanent because 
these materials are elastic),  but they are larger (and 
also do not represent forces that are important m 

stopping the bullet) . 
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Figure 1 - Layers of Kevlar Penetrated 
with Gelatin Armor Backing 
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Figure 2 - Layers of Kevlar Penetrated 
with Clay Armor Backing 
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Figure 3 - Layers of Kevlar Penetrated 
with Pillow Armor Backing 

Figure 4 - Layers of Kevlar Penetrated 
with Wood Armor Backing 
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Experimental Test 5 
With the effects of different armor backing 

materials understood, it seemed appropriate to retest 
the effect of impact angle using the steel spheres. 
This testing was done in February 1997 by firing the 
spheres at clay backed armor at a 60° impact angle 
(i.e., 30° off perpendicular incidence). The results of 
this test are plotted in Figure 5. 

Figure 5 - Layers of Kevlar Penetrated with 
Clay Armor Backing at 60° Incidence Angle 
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The scatter in the data shown in Figure 5 ap
pears to be somewhat larger than for the perpendicular 
impacts shown in Figures 1-4. This could be happen
stance, but it seems more likely that the off perpendicular 
impacts are somewhat more sensitive to the effects that 
are causing the data scatter. This data scatter makes any 
estimated curve fit uncertain; the curve fit shown is the 
same line that was determined for the perpendicular im
pacts on clay, gelatin, and pillow backings. This curve fit 
is as reasonable as any other, and leads to the conclusion 
that any effect of projectile impact off perpendicular by 
30° or less is very small compared to data scatter effects. 
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Body Armor Testing by Law Enforcement 
The insights into penetration phenomenology 

during this test program make it easy for any law en
forcement department to do their own body armor test
ing. This is recommended because there is no convinc
ing evidence that essentially arbitrary standards selected 
by a Federal bureaucracy are appropriate for all law en
forcement departments. It is the right and responsibility 
of the user of the armor to make the tradeoff between 
protection and wear comfort that is best for his or her 
risk level, climate, and personal preferences. It is gener
ally recognized that wear rate is the most important fac
tor in armor protection, and the user should select an 
armor that he or she will wear consistently. The follow
ing additional comments apply to the test program a de
partment (or individual officer) might run to assess ar
mor performance against the threats believed realistic for 
the user's circumstances: 
1) Remember that there is a lot of data scatter in armor 

penetration. This means that a significant number of 
shots are required to have confidence in any conclu
sions. There is no point in trying to test variation in 
parameters that this study has shown to have little or 
no effect on penetration (impact angle and backing 
material); use the test armor to do an adequate number 
of impacts with different loads. Strap the armor 
around a pillow and maintain bullet impact approxi
mately perpendicular to the armor. 

2) Insisting on zero penetrations seems desirable when 
considered superficially, but is actually technically 
unsound. Bureaucrats write specifications this way to 
protect themselves against criticism, not because this 
improves overall wearer protection. Increasing armor 
protection level makes it bulkier, which is not only less 
comfortable, but also more obvious; this can encour
age head shots and actually reduce the overall protec
tion of the wearer. A 5% penetration rate of some ref
erence load is not an unqualified disaster, and 
(depending on the load relative to probable threat 
levels) may even be desirable when all factors are con
sidered. ·  

Summary Conclusions 
1) The data scatter in body armor penetration testing is larger 
than typical in ballistic testing. The reason(s) for this effect 
are not known, but appear to be either in the Kevlar fabric 
itself or in unknown and uncontrolled detailed effects in each 
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projectile contact. 
Bullet deformation and angle of attack during 

penetration are known to introduce important varia
tions in soft body armor penetration, but these effects 
were eliminated by using steel spheres. The details of 
armor construction were eliminated by only consider
ing impacts not near an edge or other stitching of the 
fabric layers. Any errors in estimating fabric layers 
penetrated correspond to not more than ± V2 fabric 
layer (much less than the data scatter); other identifi
able effects are even smaller. 

It seems possible (maybe even probable) that the 
source of the penetration scatter lies in a variation in 
the way the fabric layers support each other during the 
penetration. It is known that water in the armor re
duces the effectiveness against penetration; this appears 
to be a lubrication effect that reduces the coefficient of 
friction between the fabric layers (because the fabric 
does not absorb water). The details of contact between 
fabric layers could also introduce interlayer force 
variation through the detailed contact geometry 
(without a variation in coefficient of friction). It is also 
possible that some unknown variation in the Kevlar 
fabric is the cause of the penetration dispersion. 

2) The annor penetratwn peifonnance appears to be identical for 
aU annor backing matet"Ulls that do not support sign!ficant shear 
forces. 

The test data shows that any variation in pene
tration performance between clay, gelatin, and pillow 
backing is very small compared to the performance 
data scatter described in 1) above. Any variation in 
penetration performance between clay, gelatin, and 
pillow backing is even less significant when testing 
conventional service ammunition (which has addi
tional random penetration variation due to deforma
tion and angle of attack effects). It is clear that the ex
pense and inconvenience of using clay (or gelatin) as 
armor backing in soft body armor testing is unneces
sary if only penetration performance (i.e., not backface 
signature) is wanted. 

3) The amwr penetratwn peifonnatue is enhanced when the 
amwr backing matet"Ull supports a sign!ficant shear force. 

The test data shows that armor supported by 
wood backing has increased resistance to penetration 
relative to armor backed with clay, gelatin, or a pillow. 
This effect means that impacts on armor backed by the 
rib cage in lean individuals could be less likely to pene-
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trate than armor testing would indicate, and could be a 
factor in claims that armor performance in service ex
ceeds performance in testing. Some individuals have 
argued that the converse is true, but this incorrect po
sition is based on lack of understanding of the penetra
tion dynamics and an absence of useful test data (prior 
to this study). 

4) The mean penetratwn peifonnatue of soft body amwr appears 
to be the same for perpendicular impact and off perpendicular 
impacts of up to (at least) 30 � 

It appears that the fact that bullet impacts on 
body armor in service are usually at least somewhat off 
perpendicular is not a factor in any claim that armor 
performance in service exceeds performance in testing. 

It is possible that the armor penetration per
formance variation is greater in off perpendicular im
pacts. If this variation exists, an occasional penetration 
could be very slightly more probable for off perpen
dicular impacts in stressing scenarios. This threat has 
very low probability even with pessimistic assump
tions, and the complexity of the extensive off perpen
dicular testing to quantify the effect would be better 
spent on other armor testing activities. 

5) It seems probable that any test data purporting to contradict the 
concluswns in 2), 3), and 4) above is actually just a random sta
tistical vat"Ultwn due to the large data sUJtter in penetratwn. 

This conclusion is especially likely if efforts 
equivalent to those taken in this study have not been 
implemented, and is almost certain if the data has been 
taken with conventional bullets having deformation 
and angle of attack effects. It seems clear that if anyone 
knew the magnitude of the penetration data scatter 
prior to this testing, they kept very quiet about this 
knowledge. 

6) Any body amwr requirement on backface sigrwture is a "stand 
alone" requirement that is not dyrwmically related to any penetra
tion requirements. 

The depth of the backface signature depends on 
the material used for backing. The depth of the back
face signature when a pillow is used for backing is not 
easily determined, but is obviously large because the 
pillow deforms with extremely small forces. As noted 
in 2) above, armor penetration performance appears to 
be identical for all armor backing materials that do not 
support significant shear forces despite this variation in 
backface signature. The derived conclusion is unam
biguous; the forces that create the backface signature in 
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materials that do not support a significant shear force 
are not a significant factor in armor penetration. 
Therefore, any requirements on backface signature are 
not dynamically related to requirements on armor 
penetration, but are independent requirements. 

It might be thought that this analysis is errone
ous or includes some kind of trickery because "the 
backface signature has to be related to penetration". 
This belief can easily be shown to be wrong. The tests 
that were done with wood backing of the armor show 
backface signatures in the wood; not surprisingly, 
these signatures are significantly smaller than the signa
tures in clay under equivalent conditions. Figure 6 is a 
full scale photograph of a part of the wood block used 
as armor backing in the tests; one of the 9mm spheres 
is placed on the block for reference. 

Figure 6 - Backface Signatures in Wood 

The shot on the left completely penetrated the armor 
and the wood; the penetrating sphere put a 9mm hole 
in the block, but created almost no other backface sig
nature. The shot on the right did not penetrate the 
armor, but shows a much wider and deeper backface 
signature than the penetrating shot. This photograph 
illustrates the independence of penetration and back
face signature quite nicely; this independence is com
patible with the dynamics of penetration despite not 
being compatible with everyone's intuition. 

7) The quantification cif a backfoce signature requirement in clay 
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armor backing is dijftcult to defend by any objective criteria. 
The backface signature in clay or any other ar

mor backing material that does not support a 
significant shear force is not dynamically related to 
penetration. Furthermore, there is no reason to be
lieve that the depth of the backface signature in clay is 
the same as the depth of the backface signature in any 
part of the human torso. The backface signature in 
soft tissue behind armor will be larger than the back
face signature in clay, but will not generally cause seri
ous trauma in these tissues. The backface signature in 
the rib cage behind armor will be smaller than the 
backface signature in clay, so it is hard to estimate how 
serious any resulting trauma would be. 

There is a clear, direct, and well known tradeoff 
between a backface signature requirement and comfort 
in soft body armor. It is also well known that wear rate 
is the most important parameter in practical effective
ness of soft body armor. The authors believe that a 
backface signature requirement in clay is not an impor
tant parameter in body armor selection, but the impor
tance of backface signature relative to comfort in wear 
is ultimately a decision for each individual user. In 
fact, all the decisions relative to the tradeoff between 
protection and wear comfort should be made by the 
individual user. 
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THE VANG COMP SHOTGUN BAR

REL MODIFICATION SYSTEM 
Gus Cotey,Jr. 

Abstract: 
A standard 12 gauge, 20 inch, improved cylinder 

choke bored Remington Model 870 Express Magnum pump 
action shotgun barrel exhibited substantially smaller patterns 
with buckshot qfter having its bore modified by Vang Comp 
Systems. This was accomplished without a noticeable loss of 
accuracy when using rifled slugs. 

Introduction 
The 12 gauge shotgun remains as the most 

commonly employed police shoulder weapon in the 
United States, even though more and more assault rifles 
(and semiautomatic versions thereof), pistol caliber car
bines, and submachine guns are seeing use in situations 
where something more than a handgun is indicated. 
Combat shotguns, whether pump action or autoloading, 
generally have barrel lengths of 1 8  to 20 inches (with 
some agencies favoring 14-inch barrels), and generally 
feature cylinder or improved cylinder chokes. While 
such bore configurations maximize accuracy with rifled 
slugs, their patterning performance with buckshot is 
usually less than satisfactory as ranges approach 25 yards 
and beyond. 

At 25 yards the popular conventional supersonic 
9-pellet 00 Buckshot loadings typically shoot patterns 
averaging about 20 to 25 inches in diameter from open 
choked guns. To make matters worse, such patterns are 
often of"blown" or "doughnut" configuration, character
ized by minimal pellet holes at the patterns' centers. The 
latest generation of shotcup-equipped subsonic 00 Buck 
loads such as Federal's 'Tactical" H132-00 show about 
30% smaller patterns. A tighter choke might produce 
smaller patterns, but might also diminish slug accuracy. 

A master gunsmith named Hans Vang1 has de
veloped and patented a bore modification for open 
choked shotguns that is intended to produce smaller 
buckshot patterns without injuring practical rifled slug 
accuracy. The Vang Comp modification of a Remington 
M870 pump action shotgun barrel like the 20-inch, rifle-
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sighted one used in the tests described herein costs $195 
and consists of the following: 
1 .  Lengthening the forcing cone (the tapered area ahead of 

the chamber leading to the cylindrical portion of the 
bore) by giving it a more gradual taper. 

2. Increasing the bore diameter from the usual .725 to .730 
inches to .745 to .747 inches from just ahead of the 
forcing cone to approximately 1 .25 inches from the 
muzzle. This last portion of the bore is left to its origi
nal dimensions. 

3. This last modification is optional and was incorporated 
on the barrel of the test weapon. A total 62 holes, each 
3/32 of an inch in diameter, are drilled in a pattern con
sisting of 3 staggered rows on each side of the front 
sight base, running parallel with the bore centerline. 
The hole patterns of the middle and lower rows on each 
side of the front sight are briefly interrupted at the rear 
towards the gun's receiver, and then resumed by 2 holes 
and 1 hole respectively (see Fig. 1 ) .  The resulting in
tegral muzzle brake is intended to, and actually does, 
improve controllability by reducing muzzle jump via 
retro jet propulsion. An unintended benefit is a con
siderable decrease in muzzle flash. 

The workmanship exhibited on the Vang 
Comp modifications performed upon the test barrel 
was excellent, with the bore having a good surface 
finish and the holes of the integral compensator being 
free of burrs on both the inside and outside surfaces 
of the barrel. The Vang Comp system is available on 
other makes and types of shotguns besides the Rem
ington M870. On some gas operated autoloaders 
such as the Remington 1 1-87 installation of the inte
gral compensator will necessitate modification of the 
gas system to insure reliable functioning. 

Test Procedure 
The 12 gauge, 20-inch barreled, rifle-sighted 

Remington M870 Express Magnum test weapon was 
tested at 25 yards using 2 3/4-inch Federal "Tactical" 
H132-00 shells (Lot 1 14V066) featuring 9 copper 
plated 00 Buckshot pellets at reduced velocity. Pat-
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tern diameters were determined from the center to 
center distance of the 2 widest spaced holes in each 
pattern. Velocities for the 5 shots recorded by an 
Oehler 33 chronograph averaged 1 1 1 1  feet per second 
(f/s) with the muzzle 4 feet from the center distance 
of the 2 skyscreens set at a 4-foot spacing. There were 
also 5 1-ounce Federal Foster-type rifled slug loads 
fired over the chronograph with an average 10-foot 
instrumental velocity of 1524 f/s. Ambient tempera
ture was approximately 70°F. 

Mter the Vang Comp modification, 5 Federal 
"Tactical" and 3 Federal Foster-type 1-ounce slug 
loads from the same lots mentioned above were tested 
at the same instrumental distances with respective 
velocities of 1 1 13 f/s and 1524 f/s. The approximate 
ambient temperature was 95°F. Granted that in
creased temperatures are associated with increased 
velocities, and that the small number of samples in
volved was less than statistically ideal, but the com
pensator-equipped Vang Comp system appears to 
have little effect on velocities from 20-inch barrels. 
More testing would be required to determine if this 
also holds true for shorter barrels as well. 

Results 
Patterns diameters from the stock 

(unmodified) barrel with Federal H132-00 loads (lot 
1 14V066) ranged from 15 to 20.75 inches and aver
aged 17.15 inches (See Fig. 2 and Table 1). Patterns at 
25 yards for Federal H132-00 loads from the test 
barrel after modification were (See Figs. 3, 4, & 5 and 
Table 1):  

• Lot 1 14V066 pattern diameters for 8 shots ranged 
from 4.75 inches to 15.5 inches, and averaged 
10.73 inches. Disregarding the single flyers from 
patterns #3, #4, and #7 decreased the average 
pattern diameter to 9 inches. 

• Lot 214V070 pattern diameters for 5 shots ranged 
from 8.25 to 14 inches, and averaged 10.45 
inches. Disregarding the single flyers from pat
terns #1 and #3, and the 2 flyers from pattern #5 
decreased the average pattern diameter to 8.3 
inches. 

• Lot 1 14R050 pattern diameters for 4 shots ranged 
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from 5.875 to 14.625 inches, and averaged 10.28 
inches. Disregarding the single flyers from pat
terns #3 and #4 decreased the average pattern di
ameter to 7.09 inches. 

TABLE 1 
Federal "Tactical" H132-00 

9 Pellet 00 Buck. Patterns at 25 Yards 
Lot#1 14Y066; stock barrel Lot#1 14Y066; Yang mod 

shot pattern dia. - inches pattern dia. - inches 
1 1 5  4.75 
2 16. 9.875 
3 1 6.5 12.75 
4 20.75 1 5.5 
5 1 7.5 9.5 
6 8.75 
7 1�� 
8 1Q5 

average 1 7. 1 5  1 0.73 

7.75* 
1 1 .25* 

9.625* 

9.00*** 

Lot #214Y070; Yang mod 
shot pattern dia. - inches 

1 1 1  7.75* 
Lot#1 14R050; Yang mod 

pattern dia. - inches 
1 0.0 

2 9 
3 1 0  8.5* 
4 8.25 
5 14 8** 

average 1 0.45 8.3**** 

5.875 
14.625 7.0* 
1 0.625 5.5* 

1 0.28 7.09** 

* Each symbol * represents one shot flier that has been 
ignored in measuring this pattern diameter. 

In addition to the Federal "Tactical" 00 
Buckshot loads, there were 5 rounds of Remington 3-
inch Magnum 24-pellet No. 1 Buckshot loads tested 
(lot GC20Y525). At 25 yards these loads made pat
terns with diameters ranging from 17.5 to 19.75 
inches and averaging 18.4 inches. These patterns 
contained from 22 to 24 holes that were generally well 
distributed (see Fig. 6 and Table 2). No human assail
ant or similar sized game animal could escape un
scathed from well-directed patterns of this sort. 
While not as tight as the Federal "Tactical" patterns, 
they were a marked improvement over what such 
loads would do prior to the Vang Comp modification. 
With the unmodified barrel these types of loads 

Vol 3, No. 2 

WOUND BALLISTICS REVIEW 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

would typically place only 65% to 75% of their pellets 
on the 22 x 28 inch pattern testing sheet at this dis
tance, with large spaces generally evident from hole to 
hole. 

TABLE 2 
Remington 3-inch Magnum No. 1 Buckshot 

24-Pe//et Load (lot GC20Y525) Patterns 
at 25 Yards after Vang Comp Modification 

shot 
1 
2 
3 
4 
5 

average 

pattern dia. - inches 
1 7.5 
1 9.75 
1 7.5 
18  
19.25 
1 8.4 

# of pellet holes 
23 
24 
24 
22 
24 
23.4 

Notes: These loads did not feature shotcups. Pattern 
testing sheets were 22 x 28 inches. Because of numerous 
holes in target backing, the locations of flyers in shots #1 
and #4 could not be determined. 

Discussion 
Increasing the hardness of the buckshot 

loaded in the Federal "Tactical" loads to that of 6% 
antimony "chilled" birdshot would decrease pellet 
deformation with a probable decrease in the number 
of patterns exhibiting flyers. 

Well developed subsonic No. 1 Buckshot 
loads featuring state of the art pellet enhancement 
technology plus the addition of extra-hard 6% anti
mony "chilled" shot would in all likelihood equal or 
surpass the Federal "Tactical" 00 Buckshot load's tight 
patterning ability with an additional 33.33% increase 
in shot pellets per unit of mass. Furthermore, since a 
shot load's tissue crushing potential over a given 
depth of penetration is proportional to the combined 
cross sectional area of each ·pellet in the load, loads 
containing a given mass of relatively small (but ade
quately penetrating) pellets will potentially be able to 
crush more tissue over a given penetration depth and 
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be more effective than loads with an equal mass of 
larger pellets over the same depth. 2 

As No. 1 Buckshot is the smallest size that at 
practical ranges can be counted on to meet or exceed 
the 12-inch minimum soft tissue penetration standard 
for reliable performance on human assailants, it has 
the potential for being the most effective shot size for 
combat or human sized game.2 It takes 12 .3-inch 
No. 1 Buckshot pellets to approximately equal the 
mass of 9 .33-inch 00 Buckshot pellets of the same 
alloy, but the No. 1's can potentially crush 10% more 
tissue per unit of shot charge mass as the larger OO's 
over 12 inches ofpenetration.2•3 

The Vang Comp modification of the test 
barrel did little to change its accuracy with rifled slugs, 
with 50 yard groups of 5 shots running from 2.75 to 
4.5 inches using Rottweil Brenneke 1-ounce M.P. 
slug loads and Foster-type 1-ounce slug loads by 
Remington and Federal. The test barrel exhibited the 
tightest groups with the Brenneke M.P. slugs before 
and after the Vang Comp modification. 

Summary 
The Vang Comp system appears to be a use

ful modification on cylinder and improved cylinder 
choke bored 12 gauge shotguns where significant re
duction of buckshot pattern diameters for the pur
poses of increasing effective range, minimizing col
lateral damage, and maximizing target disruption are 
deemed desirable. These modifications are integral to 
the barrel and do not appear to decrease practical slug 
accuracy. 
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Figure 1- Top and side views ofVang Comp integral muzzle brake. 

•• 

Figure 2- 25 yard test patterns with Federal "Tactical" 9-pellet 00 Buckshot loads (Lot 1 14V066) from unmodified 
barrel. Patterns pictured in the sequence fired (left to right). Diameter of aiming point is 3 inches. 

. . . 

Figure 3- 25 yard test patterns with Federal "Tactical" 9-pellet 00 Buckshot loads (Lot 1 14V066) from Vang Comp 
modified barrel. Patterns pictured in the sequence fired (top left to right bottom). Diameter of aiming point is 3 inches. 
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Figure 4- 25 yard test patterns with Federal "Tactical" 9-pellet 00 Buckshot loads (Lot 214V070) from Vang Comp 
modified barrel. Patterns pictured in the sequence fired (left to right). Diameter of aiming point is 3 inches . 

_ _  j 
Figure 5- 25 yard test patterns with Federal "Tactical" 9-pellet 00 Buckshot loads (Lot 1 14R050) from Vang Comp 
modified barrel. Patterns pictured in the sequence fired (left to right). Diameter of aiming point is 3 inches . 
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Figure 6- 25 yard test patterns with Remington 3-inch Magnum, 24-pellet No. 1 Buckshot loads (Lot GC20Y525) from 
Vang Comp barrel. Patterns pictured in the sequence fired (left to right). Diameter of aiming point is 3 inches. 

� � � 2  � 



WOUND BALLISTICS REVIEW 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

.223 AMMUNITION FOR 

LAW ENFORCEMENT 
Duncan MacPherson, Techni&al Cmuultant 

Background 
Several law enforcement departments are 

considering or are in the process of incorporating .223 
rifles or carbines into armament carried by field offi
cers or supervisors and have requested information 
from the IWBA about appropriate ammunition. In 
some cases the objectives of this change have not been 
clearly defined, which complicates answers to am
munition questions. This paper comments on issues 
related to law enforcement use of .223 ammunition 
by field officers in an environment and scenario 
where accidental injuries of unintended targets an 
important concern (e.g., in most urban areas). 

Introduction 
Reference 1 is an extensive description of the 

advantages of .223 rifles relative to shotguns for law 
enforcement use in urban areas and used references 2, 
3, and 6 of this document as inputs. Reference 2 
treats this topic more briefly and includes recommen
dations for .223 rifle specifications. Reference 3 de
scribes the important variations in performance of the 
.223 with different firearm designs and ammunition. 
All of these documents are useful for departments 
considering incorporating .223 rifles or carbines into 
armament carried by field officers or supervisors. 

The .223 has advantages relative to a hand
gun, partly by creating greater wound trauma, but 
primarily through greater accuracy of fire and the as
sociated extension of effective range. The primary 
disadvantage is that it is almost never as conveniently 
and rapidly available as a handgun in unplanned en
counters. The law enforcement use of the .223 is for 
practical purposes limited to scenarios where there is 
at least some time to prepare for conflict. The .223 
can be used by law enforcement field officers as a 
stopgap measure to maintain some control of a SWAT 
type scenario (e.g., a hostage situation) until a trained 
team with adequate rifles arrives. The .223 can also 
be used by law enforcement field officers in gunfight 
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scenarios that include adequate time to deploy it (e.g., 
entry situations). The desired bullet performance in 
the .223 ammunition selected for these two funda
mentally different deployment scenarios is not identi
cal; in the first scenario a bullet that retains its integ
rity and wounding ability after barrier penetration 
may be needed, and in the second case barrier pene
tration by the bullet is not wanted because these shots 
are usually misses that can cause accidental injuries to 
unintended targets. 

It is important to note that the maximum 
ranges for either of these scenarios in urban areas will 
almost never be more than 100 yards, and will usually 
be considerably less. This constraint has conse
quences in ammunition selection; sub minute of an
gle accuracy is irrelevant and aerodynamic drag effects 
(wind drift and velocity loss) are small. 

Accuracy of Fire and Ammunition 
Requirements 

As noted above, precision shooting by sniper 
standards is not critical because ranges are short. 
What is critical is discipline in firing to ensure high 
probability of hitting the intended target, which re
quires adequate training in representative scenarios 
for which use of the .223 is planned. 

The first deployment scenario may require a 
bullet that penetrates barriers as efficiently as possible 
and which may be expected to be employed primarily 
in sniper type scenarios. A bullet design that does not 
break up on barrier contact will usually have deep 
penetration without bullet fragmentation in soft tis
sue, but the modest number of rounds fired and the 
anticipated precision of shot placement reduces the 
risk of accidental injuries to unintended targets in 
these shootings. The .223 is not ideal for this de
ployment scenario, but is superior to a shotgun and 
has the same in field availability. The minimal ver
sion of this scenario involves shooting from cover at 
short ranges (20 to 50 yards) with precision very low 
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by sniper standards, but much better than handgun 
fire. Ammunition used in this scenario must be accu
rate enough to permit trained personnel to achieve 
reasonably precise shot placement. Ammunition suit
ability for this deployment scenario (including some 
.223 ammunition) was evaluated in Reference 4. This 
evaluation included only a few ammunition brands, 
but included one that performed quite well (and sev
eral that were not satisfactory). Other ammunition 
for this deployment scenario can be tested using a 
similar protocol; such testing would be interesting 
and useful, but is not addressed further in this paper. 

The second deployment scenario involves the 
use of the .223 in short range (less than 20 yards) 
gunfights as an alternative to handguns or shotguns. 
This deployment scenario should not include indis
criminate "hosing", and adequate training should be 
undertaken to ensure disciple and control. However, 
there may be many shots fired under conditions that 
do not practically permit precision bullet placement, 
and as a result, the possibility of accidental injuries to 
unintended targets is a major concern and a driver in 
ammunition selection. Law enforcement problems 
from using the .223 in gunfights in urban areas are 
primarily related to misses (and hits with deeply 
penetrating bullets) that penetrate housing near the 
engagement. A number of law enforcement depart
ments are now using the .223 in this gunfight sce
nario, so selection of appropriate ammunition is an 
important issue. 

Bullet Design Types 
Either the "fragmenting" .223 bullets designed 

for range use or soft point or hollow point bullet de
signs that fragment in bare gelatin will cause a very 
ugly wound near the point of entry because this 
fragmentation begins immediately after entry. How
ever, this tissue trauma will not reliably cause an inca
pacitating wound because penetration is usually in
adequate to reach vital structures in the body. These 
bullets are not appropriate for any law enforcement 
use other than target practice. 

Expanding bullets in the .223 can be designed 
similarly to other typical expanding rifle bullets. If 
they are designed not to fragment in soft tissue (the 
conventional and appropriate design), the expansion is 
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limited at an appropriate level by a "hard point" in the 
bullet design that stops the deformation. As a result, 
these bullets tend to have good penetration and hold 
together reasonably well against modest barriers (with 
appropriate designs these bullets can even be effective 
against targets behind substantial barriers).4 Some 
form of expanding .223 bullet design is probably best 
for use in scenarios (especially barrier scenarios) 
where the risk of accidental injuries to unintended 
targets is small. These bullet designs can perform 
well against both protected and unprotected targets, 
but as an inevitable consequence also include a risk of 
accidental injuries to unintended targets in gunfight 
scenarios. The risk that tl:\,ese expanding bullets pres
ent if they miss the intended target and penetrate 
housing has not been fully investigated at this time; 
what is known is described below. 

The FMJ military .223 bullet penetrates soft 
tissue for several inches until the bullet yaws to a near 
perpendicular to the bullet path orientation, and 
breaks up at this time due to increased forces on the 
bullet in this orientation. The permanent wound 
track is large and effective for about 6 inches after 
bullet breakup and produces almost all of the wound 
trauma. The largest bullet fragment usually pene
trates about an additional 6 inches,5 but this bullet 
fragment is usually only about 30 grains and is no 
more effective than a handgun bullet of this weight. 
The mean penetration depth for the start of bullet 
breakup is about 5 inches, and the standard deviation 
of this breakup point penetration depth seems to be 
about 1.5 inches.5 This military FMJ round produces 
almost ideal wound trauma for incapacitation in the 
unprotected human torso when bullet breakup is near 
the mean. However, the small percentage of bullets 
with very early breakup have too little penetration for 
reliable vital structure wound trauma, and the small 
percentage of bullets with very late breakup often exit 
prior to breakup and have a permanent wound cavity 
not much superior to a .22 Long Rifle bullet. The 
risk of accidental injuries to unintended targets 
through over penetration of .223 bullets that hit the 
intended target is quite small as a result of bullet 
breakup in the body with almost all bullet designs 
(Reference 6 gives the results of testing of several 
bullet designs into bare gelatin). The risk that these 
bullets present if they miss the intended target and 
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penetrate housing has not been fully investigated at 
this time; what is known is described below. 

.223 Bullet Design for Gunfight Scenari os 
The ideal bullet to minimize the conse

quences of misses in urban areas that penetrate 
housing near the engagement would either break up 
as a result of contact with a relatively modest hard 
barrier or precess as a result of this contact and break 
up upon contact with a second barrier (because the 
bullet is no longer traveling point forward and cannot 
withstand the loads resulting from contact at large 
yaw). 

The characteristics of military FMJ bullets 
appear to be better than expanding bullet designs in 
minimizing the risk of accidental injuries to unin
tended targets (an important concern for law en
forcement use in gunfights) because they break up 
more readily. Commercially available FMJ bullets 
may not perform identically to the military FMJ bul
lets that have a wealth of performance data in gelatin 
and soft tissue. A FMJ bullet with a heavier jacket 
than the military FMJ bullet might not fragment, and 
this would be unsatisfactory. 

The FBI has done some testing of the .223 
through barriers.7 Unfortunately, this testing and 
evaluation criteria are exactly backwards relative to 
law enforcement use in gunfight scenarios; the testing 
and assessment was designed to find ammunition that 
would produce substantial wound trauma after pene
trating housing barriers. Some testing of .223 am
munition to assess the threat of f.enetration through 
housing barriers has been done.8• •10 This testing was 
essentially directed at demonstrating that the threat 
posed by misses that penetrate housing is less for .223 
rifles than for typical police handgun ammunition. 
These tests indicate that this result is almost certainly 
true (especially for appropriate .223 ammunition), but 
the existing reports on these tests (and probably the 
tests themselves) are less than desirable for use in legal 
defense. Since questionable litigation is now a sad fact 
of life, better evidence needs to be available to defend 
lawsuits that will likely occur with more widespread 
use of the .223 by law enforcement departments. 

The issue of variation in bullet breakup 
penetration depth introducing occasional wound 
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trauma performance deficiencies must be evaluated 
for candidate FMJ bullets at gunfight scenario ranges. 
This problem may be tolerable because all firearms 
and loads have weaknesses and instances of substan
dard performance, and the .223 will not be an excep
tion. 

Required Test Program for Gunfight 
Scenario .223 Ammunition 

Only a well designed test program can reduce 
the present uncertainties in .223 bullet performance, 
allow informed decisions on desired ammunition and 
realistic assessment of .223 rifles for use in law en
forcement gunfights, and provide support in litigation 
involving those decisions. As a guide to complete
ness, suggested characteristics of the test program 
follow. 

Ammunition 
Any ammunition considered for use 
must be tested. It would be desirable 
to have a comprehensive test, but 
there is limited practicality in testing 
ammunition that is either not readily 
available to law enforcement depart
ments or proscribed by them (e.g., 
handloads, small production loads). 

Test Procedure 
Available test reports do not describe 
variability of results or give any other 
indication that more than a single test 
was done under each set of conditions 
(except Reference 7). Variability of 
penetration performance is usual in 
most test scenarios, so single shots will 
not do. There should be at least 5 
shots in each test condition, and more 
test shots are required if the first 5 
show a significant variation in per
formance. Each test shot should have 
some description, however brief. 

Evaluation Criteria 
There are two important evaluation 
criteria: wound trauma generation in 
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the absence of barriers and wound 
trauma risk after housing barrier 
penetration. 

1.) Wound trauma generation in the 
absence ofbarriers 
The .223 rounds all create significant wound 
trauma, so the only issue is whether that trauma 
is properly located; i.e., does the bullet have ade
quate penetration. Bare gelatin can be used for 
this testing, as clothing is essentially irrelevant to 
.223 bullet performance (quite unlike JHP 
handgun bullets). All practical .223 rounds will 
penetrate soft body armor; while woundin� ef
fectiveness may differ somewhat between dtffer
ent bullet designs, this should not be a driving 
requirement in most applications. 

2.) Wound trauma risk after 
housing barrier penetration 
The issue here is determining the state of the 
bullets after penetrating one or more external or 
internal housing walls. The bullet state includes 
weight of the largest bullet fragment, some as
sessment of degree of bullet fragmentation, and 
fragment velocity and/or depth of gelatin p�ne
tration (use of the penetration model can gtve a 
rough estimate of penetration depth in standard 
gelatin if the velocity and fragment weight, size, 
and shape are known). The housing walls can 
be simulated as desired or necessary, but should 
be described in enough detail to permit test rep
lication by others. Initial testing should align 
bullet paths perpendicular to the wall surface. 
The angles of incidence of bullet trajectory on 
the building material should be investigated (and 
apparently has not been). Testing of the effe�s 
of angle of incidence can be limited to ammum
tion that is acceptable for wound trauma gen
eration in the absence of barriers and has accept
able wound trauma risk at perpendicular impact 
in housing barrier penetration. 

IWBA Involvement 
There are several individuals (mostly IWBA 
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members) now known to be planning better .223 law 
enforcement ammunition tests than have been done 
heretofore. This situation is ideal, because this com
bined effort will provide more credibility than any 
single test source. The IWBA will assemble this in
formation and distribute it upon request to law en
forcement agencies; summary results will be pub
lished in the Wound Ballistics Review. As a stopgap 
measure until better test results are available, photo
copies of the References below (over 60 pages) can be 
ordered from the IWBA office for $5. (to defray re
production and mailing expenses). 
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LEAD SHOT PENETRATION IN 

10°/o ORDNANCE GELATIN 
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* Firtarms Examirurs, Forensic Laboratory, Royal Camulian Mounted Police, Regina, Saskat€/uwan, Canada 
** Technical Consultant, El Segundo, California 

Abstract: 
Range determination of shotshell loads may be most 

accurately determined by combining shot dispersion and pel

let penetration. Various lead shot sizes were fired into bare 
gelatin, gelatin covered by heavy clothing and gelatin embed
ded with swine rib at three different distances. Shot defor
mation, and penetration were observed and recorded. Lead 
shot penetration in 10% ballistk gelatin of shot sizes smaller 
than 0 Buck follows a linear relationship at intermediate 

ranges allowing for accurate distance calculations. 
These results are in agreemmt with theoretkal 

analysis of projectile penetration in bare gelatin. 

Introduction: 
Historically, distant shotgun range determina

tions have been based on the dispersion of shot on a 
target. DiMaio 1 states, 

"In all demhs .from shotgun wounds, the size of the shot pattern 
on the body should be tnea5Ured so thai the range can be deter
mined accurately." (p.194) 

He goes on, 
"'The only reliable method of determining range is to obtain the 
actual �pon and the same brand of ammunition used and 
then conduct a series of test shots so as to reproduce on paper the 
pattern of the fatal wound on the body." (p. 195) 

Shot penetration within the human body as an 
indication of distance, has rarely been considered, even 
when only a partial shot pattern exists. When only a 
partial pattern is present on a target, range estimations 
based on shot dispersion are only rough estimates. 

Several experimenters have observed a linear 
relationship between penetration depth and velocity at 
low (below about 600ft/sec) projectile velocities.2 The 
development of a definitive model of bullet penetration3 

showed that these observations were correct. Penetra
tion is linear with velocity for all non-deforming bullet 
configurations when the velocity is below that cavitation 
velocity (Vc), and nonlinear (logarithmic) at velocities 
above Vc. The value of Vc depends on projectile shape 
and size; the detailed formula is Eq. (6-20) of Reference 
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3. 
MacPherson 4 comments on the importance of 

sphericity of shot: 
"Sphericity must be obtained to ensure desirable and repeatable 
petformance." 

He adds, 
"Shot asphericty is not intrinsicaJJy a disadvantage in tissue 
penetration; the force on the tissue and the resulting tissue dis
ruption depends on the shape of the penetrating projectile." 

Gus Cotey, Jr.5 states, 
"A non-deforming sphere of a given SD (sectional density) and 
impact speed will penetrate tissue to a greater depth and crnsh less 
tissue relative to its cross sectional area per unit length of penetra
tion than a blunt mushroom slulped bullet of equal SD and 
striking velocity by vittue of the former's more streamlined slulpe. 
However, in actuality even the lulrdest kxuJ alloy buckshot peUets 
are subject to considerable diformation .from post ignition accel
eration forces, contact with the �pons bore, impacts with 
bones, etc." 

Based on these authors' work, it would be ex
tremely important if small lead spheres like those loaded 
into shotgun shells could be considered as almost uni
form and non-deforming. If so, ranges could be calcu
lated using measured penetrations. 

Methods and Materi als: 
All tests were conducted with an Ithaca Model 

37 12-gauge pump action shotgun, serial number 
675243. The shotgun had a 26% inch barrel with a poly 
choke attached. The full choke setting was used for all 
test shots. The choke was measured using a star gauge. 
The shotgun was chambered for 2% inch shotshells 
only. The shotshells used in the testing are described in 
Table 1. 

Five shotshells of each shot size (#7lh, #4, and 
Buckshot) were chronographed with an Electronic 
Counters Division of MV Ordnance Industries 
(Newfoundland, NJ) Model 4040 Chronograph at an 
instrumental distance of 10 feet. The average velocities 
were calculated and recorded in Table 2 as the baseline 
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velocity for each shot size. 
Dr. M. Fackler's recipe for manufacturing 10% 

ordnance gelatin as outlined by Post6 and Thompson7 

was followed. Our methodology was described in a 
previous work8• Only variations will be discussed here. 
Calibration of all gelatin blocks was conducted with an 
Archer Model 87 pneumatic air rifle, serial num
ber E3291, firing a copper-coated BB. 

Test events were conducted at 15, 30 and 50 
meters. The 15 meter and 30 meter test events took 
place in the 37-meter range at the RCMP's Regina Fo
rensic Laboratory Firearms Section. The range tempera
ture was approximately 65°F. The 50 meter test events 
were conducted at the Royal Canadian Mounted Police 
Training Academy outdoor range. At the time of the test 
the gelatin blocks were exposed to environmental 
conditions of 50 - 60°F for no more than 15 minutes. 

One round of #4 and #7lh shot was fired into 
each gelatin block with the exception of the 50 meter 
test events where 2 rounds were fired into each block. 
Numerous rounds of 0 Buck were needed to achieve 
even limited data at 50 meters. 

Due to the overwhelming sample size, data was 
gathered from only half the gelatin block for #4 and #7lh 
at the 15 meter test events. All the pellets in the gelatin 
block for the 0 Buck were used. Any shot that impacted 
close to the edge of the gelatin block was dismissed because 
of slightly greater shot travel in these areas. 

Shot penetration was recorded for each indi
vidual shot. Indentations in the clothing without pene
tration for individual impacts were also noted. The coat 
was X-rayed using a Scanray Torrex 150D to determine 
the presence and size of shot remaining in the garment. 

For the fewer impacts with the larger shot size of 0 
Buck the area of impact through the ribs, either muscle, 
cartilage or bone, was determined and noted. 

Penetration depths were determined for the shot 
which either passed through or fell short of the ribs. The 
ribs and surrounding tissue were then sectioned and x
rayed to determine the number and size of shot embedded 
in it. Recorded penetration depths for #7lh and #4 shot at 
distances of 15, 30, and 50 meters respectively, were de
termined by measuring the distance from the entrance 
surface of the gelatin to the center of the rib mass. All pel
lets embedded in the rib mass were assigned these values. 
The rib thicknesses were recorded. The weight and maxi
mum and minimum diameters of all recovered shot was 
recorded. 

Thirty unfired control shot of each size was 
weighed and the maximum and minimum diameters re
corded. Shot was measured using a Mitutoyo Digamatic 
caliper and weighed on a Mettler PL200 balance. 

The appendix tables are categorized by shot 
size. They include three separate test events at three 
distances for each category. The first page of each set is a 
control sample and the following pages include pene
tration depth, retained weight and shot deformation of 
fired pellets. No attempt was made to associate an indi
vidual pellet penetration with a specific retained weight 
or deformation measurement. 

Values of downrange shot velocities have his
torically been uncertain due to complexities in empiri
cal measurement, and most tables of shot velocities 
are known to contain significant errors. Analytical 
calculations of downrange shot velocities have uncer
tainties due to cluster effects early in the trajectory 

Table 1 

Make 

Gauge 
Length 

Dram Equivalent 
Ounces of Shot 
Number of Shot 

Shot Size 

Vol 3, No. 2 

Test Shotshell Parameters 

Federal Classic Federal Classic 

Hi-Brass Lot #1 538 Hi-Brass Lot #1 507 

1 2  12 

2% 2% 

3% 3% 

1 Y4  1 Y4  

7% lead 4 1ead 

Federal Hi-Power 

Lot #8539 Lot 1 

1 2  

2% 

12 

0 Buck lead 
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and also drag unceitamttes. One of the authors 
(MacPherson) has a test and analysis project ongoing 
to improve the archival sphere drag data base (which 
appears not to be as valid as commonly assumed); 
preliminary results of this effort have been used to 
calculate downrange velocities for the shot used in 
these tests. These calculated values are somewhat un
certain, but are reasonable, agree well with the best 
available empirical shot velocity data, and are much 
more accurate than data in most shot velocity tables. 
These calculated downrange shot velocities are used 
as inputs in the comparison of test results and analytic 
model predictions in bare gelatin. 

Results and Discussion: 
The comparison of test results in bare gelatin 

with the penetration model is given in Table 2; a 
graphical representation of these test results is given 
in the figure. 

Note that the model predictions are quite 
good for the smaller shot, but are low for the buck
shot. The low buckshot penetrations are a conse
quence of the buckshot deformation (quite apparent 

in the data tables); this deformation is a result of both 
higher velocity at gelatin entry and a higher sectional 
density (which maintains the velocity longer during 
the penetration). The problem of buckshot deforma
tion due to the use of a too soft lead alloy has been 
recognized in the context of ammunition perform
ance.3 Note also that the gelatin impact velocities are 
all below Vc for the 71/2 shot, and are almost all below 
Vc for the 4 shot; explaining the measured linear rela
tionship between velocity and penetration depth for 
the smaller shot. The buckshot penetration depth 
would not be linear with velocity even if the shot 
hardness problem were solved because Vc is well be
low the gelatin impact velocities in all cases. 

Penetration depths recorded for shots into 
gelatin with embedded rib may be misleading. The 
data for the embedded rib measurement represents 
the distance from the gelatin surface to the center of 
the rib mass. There was no attempt made to measure 
individual pellet depths within the structure even 
though the majority of pellets were located in the en
trance side of the rib mass. This data, although ap
pearing to give a greater penetration depth than bare 

Table 2 
Comparison of Test and Model Penetrations in Bare Gelatin 

shot range calculated Vc 12enetration de!;!th values in inches 
size meters velocity ft/sec correction 1 standard

2 
model

3 
test

4 

7% 1 5  865 940 -0. 1  3.6 3.7 4.2 

7% 30 675 940 -0. 2  2.7 2 .9  3 . 1  

7% 50 500 940 -0. 1  1 .9 2.0 2 . 1  

4 1 5  930 855 -0.2 5 .5 5.7 5.6 

4 30 765 855 -0. 3  4.6 4.9 5.1  

4 50 605 855 -0.2 3.4 3.6 3.4 

0 buck 1 5  1 055 640 -0.4 1 9. 1  1 9. 5  1 6. 1  

0 buck 30 960 640 -0. 8  1 7. 8  1 8.6 1 5. 9  

0 buck 50 860 640 -0.8 1 6. 7  1 7. 5  1 4.4 

1 the correction to the data taken in the test gelatin to penetration in standard gelatin 
2 the Bullet Penetration model of penetration in standard gelatin 
3 the Bullet Penetration model of penetration in the test gelatin 
4 the penetration measured in the tests 
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gelatin, may in reality be slightly less. Those values 
associated with penetration into the rib mass will vary 
relative to the placement of the ribs in the gelatin. 
Due to the minute and overlapping pellet paths into 
the rib mass for the test event utilizing ribs, areas of 
impact could not be accurately determined for #7¥2 
or #4 shot. 

Shot in the rib tests that did not contact bone 
had penetration depth nearly identical to penetration 
depth in bare gelatin; deviations were within normal 
testing variation (as would be expected dynamically). 
From our data we can assume those 4 and 7¥2 shot 
pellets which did not totally penetrate the rib mass 
probably impacted bone and were stopped by this 
contact. The 0 buckshot penetrated the rib bones 
with little loss of penetration depth relative to pene
tration depth in bare gelatin; this is typical of bullet 
size lead projectiles and has been observed in Refer-
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ence 8 and other similar tests. 
The average penetration depth in the cloth 

tests is summarized in Table 3. 
The results in Table 3 are entirely compatible 

with the dynamics of penetration. The effect of 
clothing is dynamically similar to the effect of skin on 
penetration; i.e., there is no penetration below a 
threshold velocity, but the reduction in velocity due 
to penetration is very small when the velocity is sig
nificantly above the threshold. The threshold velocity 
must be determined empirically for the barrier under 
consideration, but is primarily a function of sectional 
density for relatively blunt projectiles.3 These tests 
show that this threshold velocity for 7¥2 shot and the 
clothing used in the tests is about 550 ft/sec, while the 
threshold veloci7 for 71/2 shot and bare human skin is 
about 360 ft/sec. 
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Table 3 
Penetrations in Cloth Tests 

shot range calculated penetration 
size meters velocity inches 

7Y2 1 5  865 3. 1 0  

7Y2 30 675 1 .90 

7Y2 50 500 0.00 

4 1 5  930 4.98 

4 30 765 3.93 

4 50 605 1 .60 

0 buck 1 5  1 055 1 6.89 

0 buck 30 960 1 6.95 

0 buck 50 860 1 3.87 

Conclusions: 
From our results it is apparent that velocity is 

a critical factor in shot penetration. This was previ
ously found by Haag and Wolberg.9 They warn 
against the estimation of range in "no gun" cases 
based upon the practice of estimating range on shot 
dispersion and penetration because of the effects of 
barrel shortening on muzzle velocity. 

Our tables indicate that shot sizes 4 and 7% have 
deformed little and, for all practical applications, their 
penetration will follow a linear relationship when plotted 
against impact velocity. As the shot size increases, there 
is more deformation upon impact, and the calculation of 
penetration when plotted against impact velocity may be 
more theoretical than practical. 

These test results in bare gelatin are in full 
quantitative agreement with the well established analyti
cal penetration model. This correlation validates the 
entire experimental procedure and gives high confidence 
in the test results for the cloth and rib cases (which are 
analytically intractable and must be quantified empiri
cally). 

Muzzle to target distances may be more accu
rately determined at distant ranges when only a partial 
pattern exists by examining the shot penetration com
bined with shot dispersion. At very close range (when 
shot velocity is well above 550 ft/sec), clothing has a 
small effect on shot penetration; as the distance incre:tses 

38 

clothing does have a drastic effect on shot penetrations of 
lighter shot. This effect is very small with Buckshot. 
Once impact velocities have been determined based on 
measured shot penetration, muzzle to target distances 
may be accurately calculated, particularly if the muzzle 
velocity of the suspect shot can be determined. 

When examining shotgun wounds as a result 
of multiple pellet penetrations it is important to exam
ine all of the physical evidence available including the 
type, size and penetration of the shot within the body 
as well as the clothing worn by the victim. 
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TESTING .380 AUTOMATIC HOLLOW 

POINT BULLETS IN WATER 
Ronald L. Jones 

Abstract 
Purpose - To test the wound ballistic perfonnance of eight 
.380 Automatic JHP ammunition brands 
Method - Average velocity for each ammunition brand 
was determined from 5 shots measured with a 
chronograph. Five rounds of each brand were fired into a 
water tank; the weight and expanded diameter of the 
recovered bullets were measured. The bullet velocity, 
weight, and expanded diameter were input into the bullet 
penetration model to estimate the penetration that would 
be obtained in standard gelatin. 
Results - Two brands produced marginally acceptable 
results, but most of the brands either overexpanded with 
inadequate penetration or had little or no expansion and 
overpenetration. 
Conclusion - Perfonnance of available .380 Automatic 
ammunition is generally marginal at best, and care should 
be taken in selecting ammunition for self defense purposes. 

Methods 
Eight different .380 Automatic hollow point 

bullets were tested by firing five of each of them vertically 
into the water tank described in reference 2. The bullets 
were fired using a Colt Mustang Plus II handgun with a 2 
% inch barrel. The distance from the muzzle to water was 
2 feet and the shots were made directly downward (90° 
from horizontal). The expanded diameters of the recovered 
bullets were measured using a Lyman Digital Caliper and 
weighed using a Pact BBK electronic scale. 

Using the same lot of ammunition, five bullets of 
each type fired into the water were fired (horizontally) 
from a distance of ten feet through a Pact Model 1 
chronograph (with a distance of two feet between the 
chronograph's "sky screens"). The average velocity 
measured for each of the rounds tested was assumed to be 
that of the bullets from the same lot fired into the water 
tank. Using the velocities and the expanded diameter of 
these bullets, Duncan MacPherson estimated their 
penetration depth in standard 1 0% ordnance gelatin shot at 
4° C. The author requested this assistance because the 
bullet weights of the recovered bullets were below the 
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lower limits of the graph in Figs. 1 0-6 and 1 0.7 in 
reference 1 .  

Results 
The recovered bullet diameters and weights are listed in Table 
1 ,  as are the average measured velocities of bullets from the 
same lot. The average veloc�ty measured for each of the 
rounds was assumed to be the velocity for the bullets from the 
same lot into the water tank. The estimated penetration depths 
in standard gelatin are also listed in Table 1 .  Photographs of 
the recovered bullets are shown in Figure 1 .  The variation in 
expansion shown in Figure 1 produces the variation in 
penetration shown in Table 1 .  

The Eldorado Star:fire does not expand and the PMC 
often has little or no expansion, so neither is acceptable if 
expansion is wanted The Remington Golden Saber, 
Winchester Silvertip, and Winchester SXT all overexpand 
and have inadequate penetration The Speer Gold Dot and 
Hornaday XTP have less expansion and only slightly less than 
the desired 12 inch minimum penetration The Federal 
Hydra-shok penetration is more marginal. 

Conclusions 
Performance of .380 Automatic ammunition tends 

to be marginal because the bullet weight is low for the 
caliber. Perfonnance of 5 of the .380 Automatic 
ammunition brands tested was not satis:fitctory. Two of the 
brands tested have marginally acceptable penetration. 
Care should be taken in selecting .380 automatic 
ammunition for self defense purposes. 
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Table 1 

Loads tested e�anded wei�t estima�d gela� dia eter-mm gra ns penetration - 1nc es 

Eldorado 95 gr. 8.991 94.i 19.5 
Starfire JHP 8.941 95.01 19.5 
load #C380SFA 8.951 94.71 19.5 � 
lot #ELD380SFA008 8.961 95.1 1  19.5 0 

..c 
V = 877 ft/sec 8.941 95.21 19.5 Cl.l 

I � 
Federal 90 gr. 13.09 89.6 10.3 -

"'0 u Hydra-shokJHP 14.23 89.5 9.2 � � load #P380HS 1 13.17 89.9 10.2 - � lot #94638H252 13.36 89.6 10.0 � -V = 936 ft/sec 14.20 89.0 9.2 � 
"'0 

Hornaday 90 gr. 1 1 .21 89.7 12.4 � � 
XTPJHP 12.59 89.7 10.4 
load #9010 1 1 .66 89.8 1 1 .7 
lot # 1 1 190938838 12.02 89.4 11 .1  
V = 839 ft/sec 12.07 89.7 1 1 .1  

PMC 90 gr. 1 1 . 1 13 72.03 10.9 � 
JHP 9.562 90.42 17.0 ! load #380B 12.49 90.2 1 1 .0 
lot #380B-188 9.051 89.51 19.0 :::l 
V = 907 ft/sec 10.032 90.42 15.5 C) ·-

Remington 102 gr. 16.59 102.2 7.6 LL 
Golden Saber JHP 17.21 102.3 7.5 
load #GS380B 17.15 102.3 7.5 
lot #A06JA3901 16.51 102.2 8.0 
V = 873 ft/sec 16.78 102.3 7.8 

Speer 90 gr. 1 1 .58 89.9 12.3 
Gold DotJHP 14.84 89.9 10. 1  
load #23606 1 1 .73 90.1 12.1 t lot #E25A22 12.02 89.9 1 1 .6 � � 
V = 903 ft/sec 12.19 90.1 1 1 .3 E-t � � ...... 
Winchester 85 gr. 14.25 85.0 8.6 rF.J. >. 
Silvertip JHP 14.94 85.0 8.0 0 � 

"'0 "'0 
load #X380ASHP 13.52 84.9 9.2 � � 
lot #042K7515084 13.33 85.0 9.4 - = 0 -
V = 894 ft/sec 14.46 84.5 8.4 "'0 0 - = � 
Winchester 95 gr. 14.323 80.73 7.9 
SXTJHP 15. 1 1  95.6 8.3 
load #S380 14.91 96.0 8.5 
lot #32KF324988 14.59 95. 1  8.7 
V = 812 ft/sec 14.563 81.03 7.7 

1 no expansion 2 slight expansion 3 loss of jacket 
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SOLID BRONZE BULLETS IN 

THE .220 SWIFT 
Elmer Keith 

Recently Capt. Grove Wotkyns sent me his target
grade Model 54 Winchester in .220 Swift caliber, together with 
a couple of boxes of 48-grain factory loads, and fifty rounds of 
hand loads with two types of solid bronze bullets - 25 rounds 
of each type. Lot No. 1 was loaded with a streamlined ten cali
ber-head solid bronze bullet of 55 grains weight, and a charge 
of 40 grains of DuPont 4064 with Winchester No. 120 primer. 
Both of these bronze bullets were flat base, and full caliber 
throughout their entire bearing surface. This 55 grain bullet 
had the longest, slimmest, and most streamlined shape of any 
bullet I have ever examined or used, the overall length being 
. 90 inch. It looked like a sharp needle, and was the very ulti
mate in bullet point from the ballistics standpoint. The idea 
was to produce a bullet that would retain as much of the initial 
velocity as possible out at 300 yards, and estimated velocities at 
300 yards were 3000 feet, while muzzle velocities were in ex
cess of 4300 feet, estimated. This extremely long bullet re
quired a very quick twist, and the rifle I tested was cut espe
cially by Winchester with an 8-inch twist. 

The second lot of solid-bronze bullet ammunition 
was loaded with a 52!1:!-grain bullet of about the same shape 
throughout as the other, except that it was of bore diameter in 
the body, with two driving bands like those on our artillery 
shells and C.M. O'Neil's .25-<:aliber solid bronze hollow-point 
boat-tail bullet. It had the same long needle point, but only the 
two driving bands - front and rear - filled the groves, the 
main body of the bullet riding the lands. This lightened the 
bullet and eliminated some of the friction in the bore, enabling 

Wotkyns to use a charge of 41 grains of Dupont 4064, with 
Winchester No. 120 primer. Both loads were too long for the 
magazine and required single loading. 

Bronze has very little affinity for steel, and produces 
much less bore friction than almost any other metal - cer
tainly much less than any commercial jacketed bullet with lead 
or lead-alloy core - in such ,,modern high velocity loads. 
Wotkyns wrote me that it was thought that such extremely 
high-velocity loads would kill well even though there was no 
bullet expansion, due in part to the velocity and in part to the 
fact that such bullets would, presumably, tumble upon im
pact, and slash great holes through living tissue . 

Some twenty years ago I used a Service Springfield 
almost altogether for coyote shooting, and employed the stan
dard 150-grain government spitzer full-patched bullet of that 
period, carefully handloaded; and I lost very few coyotes. The 
short 150-grain bullet nearly always tumbled in quartering or 
end shots, and tore up the little sage wolf in great shape. On 
broadside lung shots it sometimes failed to tumble, and drilled 
a small hole; and what few coyotes I did lose with this load 
were usually lost with such lung shots. However, when I be
gan using the new Government 6-degree boat-tail, and later 
the 9-<iegree boat-tail full-patched Government bullet of 
much greater length, my batting average on coyotes fell off 
considerably, even though I was then using a super-accurate 
30-06 bull-gun and a 300 Hoffinan Magnum heavy-barrel 
rifle, both fitted with scope sights. The longer bullets simply 
would not tumble on coyotes, and I lost a great many in one 

There is a lot to be teamed from the outstanding firearms experimenters of the past. I get frequent calls from IWBA members and others 
asking for the titles of useful historic boolcs related to wound ballistics. I always recommend: 

-Dr. Mann's The Bullet's Flight, 1909 (it was reprinted in 1980, and I think it is still available from Wolfe Publishing Co., of Prescott, AZ). 
-LaGarde's Gunshot Injuries, 2nd Edition, 1916 (reprinted in 1991 by Lancer Militaria, Mt. Ida, AR) 
-Hatchers Notebook, 3rd Edition, 1962 (reprinted in 1966 by stackpole, Harrisburg, PA). 
-Hatchers Textbook of Pistols and Revolvers, 1935 (reprinted in 1985 by Wolfe Publishing Co., Prescott, AZ 

There are also some articles fiom the past that I have found especially helpful in teaching important points about bullet effects. The following one 
by Elmer Keith in 1937 is a good example. I frequently send copies of this article to those seriously interested in 'Mlund ballistics. 

The oversimplification and distortion of 'M>Und ballistics by those who persist in claiming that a bullet's effect can be predicted by its velocity alone 
is widespread among the physical science (Newton's laws of Motion) illiterate - whether they be surgeons trying to impress a news reporter or a gun
writer trying to sell bullets to a gullible public. It is surprising how much of good science is simply accurate observation and compaison with known 
quantities: by that measure Elmer Keith appeared to be a pretty deoent scientist - I never read Mything by him that strained his credibility. The follow
ing a1icle from the July 1937 American Rifleman, "Bronze Bullets in the .220 Swift" is my prescription to cure the "high velocity" intoxication that afflicts 
so many of the today's 'M>Und ballistics illiterate - from.bullet huckster to trauma surgeon. Martin L. Fackler 
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winter's hunting. This showed me that the short spitzer bullet 
of the full-patch persuasion was much more apt to tumble and 
kill cleanly than was the longer boat-tailed 170-and 173 grain 
Government bullets. 

Mindful of this experience, I was from the beginning 
dubious about the solid bronze bullets tumbling in the .220 
Swift, because of their great length and sectional density. 
However, I had read a great deal in The Rijleman about some of 
the short 30-grain or similar-weight Sisk fullpatch bullets 
tearingjust as large holes as the soft-point expanding ones, and 
this was usually attributed to the terrific velocity. I think those 
short bullets tumbled upon impact, and I believe that had they 
been as long as these solid bronze bullets, decidedly different 
results would have been obtained. 

Some thought that the greatly increased rotational 
speed of these solid bronze bullets when driven at over 4200 
feet from a rifle with an 8-inch twist, would cause these nee
dle-pointed bullets to be good killers. One can readily appre
ciate the great increase in rotational speed when the same bul
let is driven through a barrel with an 8-inch twist, as against 
one with a 14-inch twist. Nevertheless I was dubious but de
termined to find out. 

Bob Hagel and I drove up to the Pahsimeroi Valley, and 
there, in company with Delmer Coiner, Julius Maelzer and his 
son, and Lee Bradley, we !?flVe the bullets a thorough test on what 
pests we could find- mainly jack rabbits, no big !¥fie being lC!?fll 
at this time of year, and I not having faith in so small a cartridge for 
use on big !¥fie anyway. 

While going up the valley I tested the 55-grain bullet 
on a couple of jacks, the first one at 100 yards broadside from 
prone position with 5-A scope. I held on his lungs just back of 
the shoulder, with rifle perfectly sighted-in for that range. The 
jack simply jumped and ran a way, and then began nibbling on 
another sage bush, showing no sign whatever of having been 
hit. I shot him through again from rear to front, the bullet 
striking in the flank near the back-bone and passing out 
through the bottom of the chest. Again he jumped and ran a 
couple of hundred yards, and again stopped; but this time he 
showed signs of having been hit, as he laid his ears flat, and has 
other symptoms of distress. My next 55-grain solid, at 200 
yards, went through his lungs about one inch from the first 
shot. After this shot the jack remained sitting for a time, and 
then slowly toppled over. All three bullets made such small 
exit holes that it was very hard to locate them. 

The next jack was shot in the back at 50 yards as he 
stood up on his hind feet, the bullet missing the spine by about 
an inch and penetrating the heart; after which the jack ran 
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about 60 yards through the dense sage. We trailed him up and 
found him dead. 

I next tried to stalk a golden eagle, got within 100 
yards, and as he faced me I shot him through the body about 
center- as nearly as I could tell from my hold without view
ing the remains, using the same 55-grain bronze bullet. A puff 
of feathers came out of his back, but he took off and was going 
strong when last seen, a mile or more away. I decided right 
there to shoot no more eagles with that bullet. To note the 
contrast between the performance of the solid-bronze needles 
and the factory 48-grain soft-point bullet, Bob shot a big duck 
hawk in a tree at 60 yards, and almost blew him into two 
p1eces. 

Back of Bradley's and Maelzer's ranches the boys 
spread out across a dense sage-covered valley, with a higher 
ridge on each side, while Coiner and I took the right-hand 
ridge so as to be up high enough to see about all the jacks that 
were congregated in that small valley or gulch. At the start the 
valley floor was too wide for us to cover adequately, and many 
rabbits ran back by us. Bob killed some with the soft-point 
bullets, as did Derner Coiner with the same load in this super
accurate .220 Swift. Upon impact the bullets simply demol
ished the jacks, up to 200 yards. Then the canyon narrowed to 
300 yards, and I took over the Swift to finish up the bronze 
bullets. I shot all the rest of the 55-grain ones at ranges varying 
from 60 yards to 300 yards, and some around 350, without a 
miss, though several rabbits required from two to four hits 
before going dowr1. They would frequently take one through 
the shoulder, then run in a small circle, and stop for another 
dose; then run in a circle again, until they would finally wind 
up in a flurry of snow as they kicked their last. This 55-gain 
solid bronze bullet was the most accurate .220 Swift bullet I 
had ever fired, and it was no trouble to hit the jacks in any place 
one wished from a solid prone position. I purposely shot sev
eral through the head and also through the spine when the 
back was turned. These jacks of course dropped instantly. 
The bullets seemed to strike exactly where the cross-hairs 
rested at all ranges up to 200 yards. The accuracy was wonder
ful, but the average killing effect li�le better than zero. 

Before setting out on this trip I had carefully sighted-in 
the rifle (at about the same elevation at which it would be used) at 
100 yards with the soft-point factory 48-grain bullet, and then 
checked the sighting with three of the 55-grain loads, and found it 
to be exactly the same. However I did not check the 52 1/2-grain 
banded bronze bullets, and wished afterward that I had, as with this 
ammunition I had some six clean misses with a perfect hold on 
jacks, that I could not find any alibi for. Whether they were due to 
some fault in the cartridge, or to the £tct that the rifle grouped 
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slightly differently with these bullets, I was never able to deter
mine, as I shot all of the loads at jacks. 

At 350 yards I shot a few jacks by holding over by 
about the width of their bodies, and five of the shots were 
misses. The other miss was at 100 yards with a perfect hold on 
a jack' s head. Perhaps I had a case of jitters, or something, 
though I could not detect it through the scope and the hold 
looked perfect each time. I know there was nothing wrong 
with hold or let-off on that one shot at a jack' s head at 100 
yards. However, after that miss I held on the shoulders 
throughout the test, except when the back or front of a rabbit 
was turned toward me. 

From the beginning of the 52 1/2-grain test we noted 
a great difference in killing efficiency of this load over the 55-
grain load. With the 55-grain load I never heard a single bullet 
strike a jack, but with the 52 1/2-grain bullet we all immedi
ately noticed the clearly audible "plop" of the bullet striking at 
ranges over 100 yards. Another queer prank of this 52 1/2-
grain load was that it killed nearly every rabbit that was shot 
endwise. Some, and perhaps many, of these were hit in the 
spine, but even on broadside shots the rabbit immediately 
showed signs that he was hit. Some would jump and run in a 
circle for 100 yards or so, and then roll over. I did shoot a 
couple of them twice, broadside, but for the most part one 
shot was sufficient - although some ran a considerable dis
tance after being hit. Bullet holes at exit were seemingly no 
larger than those made by the 55-grain bullet, they being just 
very small needle-like holes, drilled cleanly. I shot at four jacks 
running away from me, three offhand and one from prone 
position, killing all four of them. One of those that was struck 
in the rump showed clearly that this particular 52 1/2-grain 
bronze bullet tumbled as it about removed all his innards. 
This was the only case of a bronze bullet tumbling in the entire 
test. 

I do not know, and am only offering it as my opinion, 
but I believe that the much better killing efficiency of the 52 
1/2-grain bullet over the 55-grain was due to the tact that those 
square-shouldered driving bands at high velocity threw tissue 
and flesh aside in their passage, much the same as my design of 
six-gun bullet does, thus causing the great increase in killing 
power- as well as the "plop" we all heard so distinctly. 

These desert black-tailed jack rabbits are not suitable 
for food, but do a great amount of damage each year, and many 
rabbit drives are held each winter in an effort to keep their 
numbers in check. They will often stand as much killing as, or 
more than, a deer. True, they do not offer the thickness of 
body for the bullet to work on that a larger animal does, but 
they are a tough old bunny, and will stand a lot of shooting. I 
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have seen many run away with 173-grain .30-06 Government 
metal-patch spitzer boat-tail bullets through their bodies, and, 
all told, they offer a fair test of killing power for any pest rifle. 
We concluded that,. in their present form, the bronze bullets 
were not good or certain killers in any sense of the word, and 
will have to be made to expand as does 0' Neil' s  hollow-point 
bronze bullet in order to be efficient and humane killers. 
Neither their increased rotational speed nor their much higher 
remaining velocity out at long range seemed to have any effect 
upon their killing qualities, and the only favorable thing we 
noticed about these bullets was the fifty per cent increase in 
killing quality of the banded bullet over the other. Both bul
lets, however, shoot noticeably much flatter than any factory 
loaded .220 Swift cartridge I have used. From a ballistic stand
point those long needle-points are the best I have ever seen or 
used, but from the standpoint of killing efficiency I would say 
they are all wet. 

However, these bullets are a great step in the right 
direction, as there is no sense in trying to develop a high
velocity rifle and then sacrifice most of the remaining velocity 
out where the game is by using an old and obsolete blunt form 
ofbullet point that loses speed so fast it will not expand reliably 
on the game when it gets there. No doubt with Wotkyns 
working on the problem a satisfactory expanding point will be 
evolved for the bronze bullet. As I stated in my article on the 
.250 O' Neal Magnum cartridge, I honestly believe that a 
bronze bullet with bore-diameter body and two or three driv
ing bands to take the rifling, will be the answer to this extreme
high-velocity business. 

Wotkyns had fired this .220 Winchester Swift some 
300 rounds with bronze bullets before sending it to me, and 
the throat had absolutely no visible wear at the rear end of the 
lands. However, after I had finished with it I though I could 
detect a slight flattening of the corners of the lands, though so 
slight that it may have been imagination. Not having a new 
barrel to check against, I could not be sure. 

We managed to get within range of two more eagles, 
but having no faith in the Swift on such birds beyond 200 
yards, I used the .280 Dubiel Magnum, and killed one at 312 
yards, and shot the other through the body a little too low, at 
400 yards, and he finally got away after falling on the sage flat. I 
had lost an eagle shot through with the 46-grain .220 Swift 
factory load last summer at 150 yards, besides the one lost with 
the 55-grain bronze bullet on this trip. 

The IWBA thanks the editors of the 
American Rifleman for their kind permission to 

reprint this article. 
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Background 
It might appear that the following article would be 

more appropt'Mte as a letter to the editor cif Jane's Interna
tional Defense Review, since it was evoked in response to an 
editot'Ml in that publication. We decided, however, to publish 
it instead as a free-standing article. In the last issue oj 
Wound Ballistics Review we published a letter to the editor 
("More on the Biza"e Fabrique Nationale P-90, " 
1997;3[1}:44-45) that had been sent to the editor cifJane's 
International Difense Review - and he didn't even ac
knowledge receipt cif it. It would appear, from the contents oj 
both that letter and the article below, that although the title oj 
their magazine implies expertise in weapon tffects, the 
writers and editors cif Jane's International Defense Review 
have little or no grasp cif wound ballistics. And apparently 
don't care to expose this deftcit by correcting their e"ors. This 
is unfortunate, since many look upon 'Janes" as an authori
tative source for information on weapons and their tffects. 
Some readers might remember the International Defense 
Review (!DR) when it was edited by Roger Frost and 
published, in Geneva, by Interavia. They published some 
excellent wound ballistics articles in the late 1980s, and even 
sponsored a meeting to help correct wound ballistics miscon
ceptions. Since IDR was bought by 'Janes" and moved to 
England, however, its publishers appear content with non
critical printing cif whatever claims manufacturers make 
about the tffects cif the weapons they produce. 

The problems addressed in "Bad Bullets? or Bad 
Science?" will be discussed at an International Workshop on 
Wound Ballistics to be held in Interlaken, Switzerland, on 
7-- 8 October 1997. The third author cif this paper will 
head the USA delegation to this workshop and the first 
author will attend as his advisor on the medical aspects oj 
wound ballistics. We will include a report on the Interlaken 
conference in the next issue cif the Wound Ballistics Review . 

A recent editorial "Bad Bullets," that appeared 
in "Jane's International Defense Review," warned of an 
international arms ban effort that is underway1. This 
refers to an abortive attempt of the Swiss government, 
that has now been picked up by the International 
Committee of the Red Cross (ICRC), to become the 
world's judges on which bullets are to be considered 
"humane" and which are not. They have proposed a test 
protocol which they tout as using "science" to identifY 
which bullets cause "superfluous" injury and suffering. 
Unfortunately, their idea of "science" appears to be a 
warmed-over set of fallacies that has made the rounds 
before and been repudiated by all whose training and 
experience has taught them how to evaluate wounds 
objectively in the living human. 

Using shots into blocks of soap, the Swiss test 
would purportedly measure, the "kinetic energy 
deposit" in the first 15 em of the bullet's path within the 
human body and any bullet that lost more than 20 
Joules of energy per em would be declared "inhumane." 
SpecifYing only the first 15 em of the bullet's path in 
their test is irrational, since bullet paths in the human 
body can be triple that distance, and, in fact, the body's 
vital structures lie deeper than 15 em from the body 
surface in many projections. Ease of testing is the only 
apparent advantage in the 15 em limitation:, an ease 
purchased at the expense of misleading test results. 

In support of their test, the Swiss claim that 
"The effectiveness of a bullet can be defined as the 
amount of energy that the bullet makes available to the 
tissue during penetration." They have apparently been 
misled by Swedish studies which purported to 
demonstrate that the amount of devitalized tissue that 
needs to be removed from a gunshot wound is 
proportional to the amount of kinetic energy lost by the 
bullet.2,3 Unfortunately, they apparently overlooked 
invalidating flaws in these Swedish experiments: 

• Their results depended entirely on the 
subjective judgment of the surgeons who 
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decided which tissue to remove and which 
to leave, yet the studies were not blinded, as 
required by basic scientific method when 
the results depend upon subjective 
judgments. 

• No control animals were used -- there was 
no way to assure that the tissue removed 
would not have survived (necessary to 
validate the assumption that the surgeons' 
judgments were correct) . 

• As any experienced trauma surgeon knows, 
the tissue removed in operating on a 
gunshot wound is not only that severely 
disrupted by the penetrating bullet. Much 
of the tissue removed is not disrupted but 
healthy. It is excised simply to smooth the 
wound's walls and shape the cavity so there 
are no overhanging edges: to tailor the 
wound so it will drain well and be easy to 
close later. This invalidates the concept that 
the amount of tissue removed when 
operating on a bullet wound is a valid 
measure of that bullet's wounding capacity. 

In addition to these violations of basic scientific 
method which invalidated the Swedish studies, the 
Swiss apparently overlooked Chinese studies4 which 
showed "that the degree of tissue damage was not 
comparable to the amount of energy delivered to the 
tissue" (my emphasis). In their experiments, the 
Chinese investigators also noted that for a surgeon "to 
determine the extent of necrotic tissues with the naked 
eye was seldom accurate, and it was often in over
estimation". 

Let us make another attempt at the "stake thru 
the heart" of the kinetic energy fallacy. The basic 
assumption of those who use "kinetic energy deposit" to 
determine "lethality" or "incapacitation" of a penetrating 
projectile is that the amount of tissue disruption 
produced is directly proportional to the amount of 
kinetic energy "deposited". This assumption can be 
proven fallacious simply by considering the mechanism 
by which the energy involved in temporary cavitation 
(what the Swiss are measuring in their soap) disrupts 
tissue. The tissue must be displaced, and thus stretched, 
beyond its breaking point to be disrupted. Most body 
tissues (muscle, bowel wall, lung, blood vessels, skin, 
etc.) are quite elastic. Like an elastic rubber band, they 
can be displaced and stretched, then return to their 
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original posttton, without being damaged. The 
displacement of these tissues, however, does require the 
input of energy. Thus, in this situation we have energy 
input - with no tissue disruption: this destroys the 
concept of proportionality between energy input and 
tissue disruption. Also, different tissues vary in the 
amount of stress that must be applied to deform, 
displace, or stretch them -- and it is the amount of this 
stress (force per unit area) that is the critical factor in 
determining tissue disruption. All of the "deposited 
kinetic energy" from a bullet that goes into stretching 
tissues below their breaking point is wasted insofar as its 
use in disrupting tissue is concerned. 

These same fallacious ideas on bullet "lethality" 
were used by the Swedes in '1heir abortive "anti-M16" 
campaign of the 1970s.5 Now, the "kinetic energy 
deposit" fallacy and use of soap to exaggerate and 
sensationalize the effects of temporary cavitation have 
been resurrected and are being promoted by the 
International Committee of the Red Cross (ICRC) in 
an apparent push for power - to become the world's 
arbiter on bullet effects. The ICRC's preoccupation 
with bullets is difficult to understand by those of us 
who have experienced the battlefield scenario. Bullets 
are by far the most discrete weapons found there, and 
cause the least amount of tissue disruption. The 
severely mutilating wounds - the traumatic amputations 
for example - are caused by explosive devices: land 
mines, bombs, rockets, artillery, etc. Only the 
muddleheaded, or those with a hidden agenda 
(increasing their own authority or importance) would 
ignore the far more lethal, disruptive and indiscriminate 
explosive devices and try to declare certain small arms 
projectiles "inhumane". 
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LITERATURE REVIEW SECTION 

BOOK REVIEW Martin L. Fackler 
Firearms, the Law, and Forensic Ballistics is a recent 

book written by Tom Warlow, a British Firearms Examiner 
with over 40 years experience. He advises the UK Gov
ernment on firearms issues and has been a lifelong shooter. 
The book was published in 1996 by Taylor & Francis, of 
London. Their branch in the USA is at 1900 Frost Road, 
Suite 101, Bristol, PA 19007 (phone 800 821 8312). The 
price of this 298 page, nicely bound, hard cover book is 
$99.95. 

This well written book is a pleasure to read. It covers 
a wealth of material that will be useful to those who are in
volved with firearms professionally and interesting to those for 
whom firearms are an avocation. The book is well illustrated: 
the illustrations arc copious, useful, and appropriate, including 
such thin� a triple-flash microsecond photographs, photo
graphs of various bullets and weapons, bullet fragmentation 
patterns, stippling and soot patterns, shotgun pellet patterns, 
and of a variety of wounds. It contains much information that I 
had previously sought in vain - for instance, the maximum 
pressure (about 500 psi) in the reservoirs of the European 50 
caliber air rifles (one of which was used on the Lewis and 
Clark expedition of 1804 --1805). 

The book starts with an excellent chapter on the his
tory of small arms and ends with an extensive treatment of 
proof marks, which should be useful to firearm collectors and 
those whose professional duties include firearm identification. 
The author has a delightful proclivity to use historical fact to 
support and emphasize points made throughout the book. 
There are chapters on microscopy, mechanisms of firearms, 
internal, external, and tcrmina.Vwound ballistics, as well as on 
the shooting scene, laboratory examination of evidence, and 
presentation of evidence in court. 

In addition to the aforementioned historical sup
port, Tom Warlow's well chosen examples and anecdotes, 
combined with his straightforward and unpretentious 
writing style, make this book both a necessary reference 
work and one that is easy and enjoyable to read. In my 
opinion this book is well worth its $99.95 price. 

The ABC's of Reloading - Gh Edition, by C. Rod
ney James. Krause Publications, lola, WI, 1997. 
$21.95 

This 286 page 8 x 10 Y2 inch soft cover book was 
edited by IWBA member C. Rodney James. C. Rodney's 
wide understanding of firearm technology and bullet ef-
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fects, coupled with his journalistic expertise, have suc
ceeded in putting together an authoritative manual that 
should please the beginner and expert alike. His choice of 
authors for the various chapters should be applauded: in
cluding such deservedly well respected writers as C. E. 
Harris, Paul Matthews, and Ed Matunas. 

This book certainly lives up to its title, including 
the step-by-step basics of reloading just about everything 
that can be reloaded: handguns, rifles, shotguns, black 
powder firearms, and paper patched bullets. I found the 
chapter on paper patched bullets (by Paul Matthews - who 
also has a book in print on the same subject, The Practical 
Paper Patched Bullet) especially interesting since I knew little 
about the subject - having shot paper patched bullets only 
once in my life, and never having reloaded them. 

I found "Sources and Resources" an especially 
useful chapter. There, C. Rodney James lists and summa
rizes his choices of books (and one journal, the Wound 
Ballistics Review ) for those who wish more detail on various 
aspects of shooting. 

Other chapters that stood out were: "The Great 
PC Shootout," in which the various ballistic software pro
grams are comprehensively compared, and "How the 
Benchresters Do It" by Fred Sinclair. I have long consid
ered benchrest shooting the Research and Development 
branch of the shooting world and think that any truly seri
ous shooter can learn something from it. 

At the end of the book is included a "Directory of 
the Reloading Trade." This ten-page alphabetical listing (in 
very small print) includes the addresses and phone num
bers ofjust about every company that handles any kind of 
material of use to the reloader. 

The ABC's of Reloading - 6h Edition, is copiously 
and appropriately illustrated, and written clearly. precisely, 
and concisely. It covers reloading very well (equipment, 
methods, etc.) as one might expect from its title, but, for 
me, the pleasant surprise was how many other things it 
includes. Another virtue that made reading this book a 
most pleasant and unusual experience was that I found 
nothing presented as fact that I know to be unequivocally 
wrong: in a field in which some books are composed nwstly. 
of misconceptions and errors this is a remarkable attribute. 
The ABC's of Reloading - 61' Edition, should prove a valuable 
resource for those with the need or desire to become better 
versed in the technical aspects of shooting and reloading. 
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IWBA STATEMENT OF PURPOSE 
The widespread misinformation and lack of Wtderstanding concerning ballistic injury are well known to anyone who 

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

The effects of penetrating projectiles on the body is of vital concern to trauma surgeons, w�p�n designers and. users, 

and those involved with the forensic aspects of ballistic trauma. Yet, we know of no other orgamzation that deals With the 

subject exclusively and in depth. Papers containing ballistic injury data appear in widely s�tt�ed sources, sin� many groups 

include projectile effects peripherally in their interests. In each source, however, woWld b�ll�sttcs pap�s �mpnse a very small 

percentage of the total, and most of these papers contain numer.ous errors. WoWld ba.lhsttc� expertise iS sparse, �d human 

inertia being what it is, once in print, errors are likely to go Wtcorrected. 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 tdenttfied. This Will giVe the mterested reader the 

scientific background material on which 
'
to build a solid Wlderstanding of the subject. Next, an ongoing 

.
P�iodic cri!ical review 

of the woWld ballistics literature needs to be initiated. Finally, an easily accessible source of woWld balhsttcs expertise needs to 

be established. 
The International Wound Ballistics Association has been foWtded to fill these needs. The IWBA publishes a journal, the 

WoWld 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, the International WoWld Ballistics Association is prepared to offer 
expertise to assist any publication concerned with avoiding error and maintaining technical accuracy,. 

The IWBA encourages skepticism. We are convinced that only by encouraging active questioning, reevaluation and 

verification of views, data and cherished beliefs, etc. in the open literature can woWld ballistics assume its full potential as a 
science. 
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