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ADLİ BALİST1K ÇALIŞMALARINDA YENİ ECİLıMLER 

Özet 

Modern adli balistik ile ilgili problemler ve metodolojiler geniş bir biçimde gözden geçirildi. Bu 
yapılırken, mekanik silahlarla ilgili özelliklerin ve patlayıcı madde ayırumnın yapılması yöntemleri 
yerine, kuvvetler, patlamalı mermilerin çıkış hızları ile etkili oldukları en uzun menzil, standard/el 
yapısı kurşunlarla yapılan atışlann eser elementleri, kurşun yarasındaki kalıntılar, bunların 

araştırılmasında kullanılan enstrümental yöntemler ve GSR' nin alınmasında sulandırılmış harbi 
fırçalarının avantajları üzerinde özellikle duruldu. 

Summary 

A comprehensive review of modem forensic ballistics problems and methodologies to answer 
these, has been presented with special emphasis on energetics, threshold velocities, extreme effective 
range of shotgun missiles, trace elemental pattem of standardlhome made lead shot, gunshot residues, 
some instrumental methods used in their detection, and practical advantages of aqueous swabs to 
remove GSR's, etc., irı addition to pertinent aspects of operational firearms and ammunition 
identification. 

Keywords : Forensic ballistics - Firearms identification - Wound bal/istics - Energetics - Extreme 
effective range - Gunshot residues - Trace e/ementa/ pattern - Emission spectrography - Neutron 
activation ana/ysis - Laser microspectra/ ana/ysis 

INTRODUCTION 

The term 'forensic ballistics" has com e to stay. Although diverse examinations 
undertaken in the Ballistics Divisions of Forensic Science Laboratories i.e. iderıtification 
of firearıns, ammunition, fired shot i bullets i empties, residues of fıred ammunition i 
gun shot residues, wound ballistics and energeties, ete., generally fall under 'firearm 
identification" , the latter is taken synonymous with farensic ballistics. Much of the 
firearın identification work earIier would be carried out by experıts having army i police 
background with !itde of form al scientific grounding. Taday, farensic ballistics work 
is dealt with in a full fledged scientific manner by analytical scientist, 
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chemist and physicist, covering far beyond the conventional firearms examination and 
comparison microscopy. The methodology applicable at present to forens ic ballistics 
work indudes amongst other things microchemical, spectrographic, atomic absorpıion, 
neutron activation analysis, scanning electron microscopy, microprobe X-ray / X-ray 
fl uorescence for resielues analysis, electronic chronometry for measuring initial anel 
resielual buliet ve]ocilies anel energetics stuelies, elc. 

It is obviously not possible to deal wİlh all aspects of moelem for~nsic ball islics 
work in a short presentation. It is ıherefore proposeel to take a few selected aspccıs on 
the basis of our experience in ıhis fielel over last elecaele anel more. The adoption of 
relevant modern methodology both in the areas of chemical residues analysis, 
comparatiye trace analysis and energetics will be given special attention. The pertincnt 
aspects of firearm identification work and reporting norms in certain situations will also 
be dealt with. 

EXAMINA TION OF GUNS 

Excepting the rare occasions, when all other exhibits but not the gun, are submittcd 
to the laboratory, the usual physical exarnination of the erime gun enabIc one to arriye 
at the conclusion: 

(i) Whether the gun is in working order (test firing having been done successfuııy) , 

(ii) Whether the gun is in mechanical working oreler (mechanically sound in all 
respects, but test firing not possible, say, for non-availability (of the right type of 
ammunition), 

(iii) Whethcr the gun is not in working order for the reason such as wilful removal 
or malic ious damage to vital components of the gun mechanism, e.g. firing pin severcd, 
field off or bent to reneler its hit ineffective, 

(iv) Whether prone or not prone to accidental discharge (especially, when the trigger 
puH is unusually low, etc.), these vital aspects of the examination being conventional, 

(v) Whether the gun has been fireel or not, before submission to the laboratory. 
Though the time of firing cannot be ascertained by chemica! analysis of gun sh ot 
residues in the barrell, this has been of ten founel a useful circumstantial evidencc. 
Ordinarily af ter normal use of a gun the genuine user would for the proper upkeep of his 
valuable device, d ean and oil the charnbers/barrel in which case no residues are elelecled 
in the laboratory. In crime situations, however, the barrel washings are good pasitive for 
resielues of fired smokeless ammunition or gun poweler (black paweler) as the case may 
be (the lattcr, espccially in home-made-arnmunition or re-filled cartrielges used in brccch 
loaelers). The lype of powder used can readily be discemed. In the case of smokclcss 
poweler, the non-alkali ne pH anel the absence of sulphur/sulphates, ete. and potassium 
cation elistinguishes it from the residues eleteeted in black powder ammunition firing, 
presence of nitrite being common to both. 
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(vi) Effectiveness of the gun. Whether the gun delivers the shot / bullet with 
effective velocity in order to cause wounding / casualty consistent with the history of 
the erime ease in question and the injury / post-mortem observations reeorded by the 
medical offieer. The effectiveness of the standard shoulder arms / handguns is well 
doeumented. Even so, in the ideal case the erime gun muzzle velocity should be 
measured in order to ensure that the standard gun was performing nonnally but in the 
case of countrymade handguns use of which accounts for more than half of our total case 
load, it is desirable to measure the velocİly in each and every case as the performanee of 
these guns varies every widely. Such 12 bore breech loaders may have Vo (muzzle 
velocity) as low as ineffective 200 ft/see right upto sufficiently damaging 700 ft/see or 
so. Smooth bored countrymade handguns delivering .22/.32/.38/.455 revolver / pistol 
ammunition as alsa .30 and other ealiber riDe ammunition have generally relatively low 
to very low veloe ities (of the order of 350 ft/see in the case revolver / pistol 
amrrıunition as against the normal ran ge of 600- 1000 ft/see for the amınunitions in 
question; in the ease ofriDe ammunition Vo is relatively very low, ca. 300 ft/sec against 
the usual 2500 ft/see or so. In arecent fatal shooting case, however, we came across a 
smooLh bore eountry-made handgun capable of fir ing 0.315 rifle ammunition wiLh 
muzzle veloeity ı ıoO±75 ft/see; another similar gun held reeently in an illegal 
possession ease gaye muzzle veloeity 680±40 ft/see. 

ENERGETICS 

Briefly this involves the gun, the shotlbuIlet in question, the target material and the 
distanee from which it is fired al. The basic concept is that the striking veloeity should 
be in excess of the threshold veloeity V th for the partieular shot or buIlet size for rupture 
of skin and penetration into soft tissue which is weIl established by both theory and 
experimentation (1-4). Speeifie threshold energy for penetration into human skin and 
soft tissue is given as: 

Eth/ g = 16.7 J/cm2 = 79.4 ft lbs/sq ineh ... (1) 

On the basis of constaney of this value, the theore tically predicted as weIl as 
experimentally determined values of V th vary fro m, say, .38 revolver and shot gun shot 
size LG - 190 and 213 feet per see respeetively to 0.22/0.177 air gun pellets - 246 and 
331 ft/see (fps) respeetively, ete. 
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Calculation oj Tlıreshold Ve/ocily: 

Wc have, 

mV2ıh : 2a = 16.7 x 107 

V ıh= 182.8 va:!LL metersısee ... (2) 

where a: m is in cm 2/g units, or 

mV2th: 2a g = 79.4 (g = acceL. due to gravity) 

ftlsee ... (3) 

Where a: m is in inch2/lb uniıs. a: ın is also known as inverse se.cÜonal 
density, ;a and m being the area of cross section and the mass of the bullet/shot 
respcctively. The previously held eriterion like 58 (or higher) ft lbs of cncrgy required to 
cause a casua1ty, though relcvant ao;; a military criterian, has to be drao;;tically reviewed in 
fürensic situations, where missiles with much kss energy could cause/have caused 
grievous injuries. Likewise, effectivencss of a shotgun held to be around 4 yds is alright 
for bird shooting but has to be cautiously guarded againsı forensie misuse (5), when 
bigger buckshot ete. is involved; an LG/12 Guage ball would be effective up to around 
300/600 yards rcspectively (vide in/ra). 

Further, the wounding eapacity is established by not only the intrinsic (total) kinetic 
energy, Eo, possessed by the striking missile, hul by the amount of kinetic energy 
dissipated İn wound production, Ew , in the target ( 6,7). 

Ew ~ 2 klEo ... (4) 

Ew/F,o::. 40% for full metal jackete.d bullets and> 90% for softıhallaw paint hullets. 

The wound balistics takes eognizanee alsa of the damage caused by the pulsating tempo-
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rar)' cavity, espeeİally in the ease of energetic mİssjles. Such work has been carried out 
usiııg human cadeveric tissııc/animaı (pig) lissue and more recently, widely on siınulated 
material such as 20% gelatin gel (6). 

The striking veloCİty of bullet/shot at a given distanec X, can be worked out with 
the hc1p of space functions recorded in BaIlistics Tables. Vo is determined in the 
laboratory by electronic ehramometer over a distance of 3 ft or so, using make i break 
electrical contaet sereens (8) or bcttcr, photoclectrieal sereens: 

Wchavc, X=C(Sy, SVo) ... (5) 

or simpJy, as: X = C A In Vol Vx ... (6) 

where C (=mJ1d 2), the ba1listies eoeffieient of the shot or bullet, can be evaluatcd from 
its mass, seeuona! diameter and i the shape [aetar. A = 1/17696. Thus having ealeuIaıed 
the sıriking velocity, the energeties of the mİssİ\e in question, can he ohjectivcly 
assessed. In the context of the extreme effectıve range (how far the gun/shot can hun?) 
as against the cxtrcme/maximum range (how far the shot can reach?) recorded in the 
literature, ıhe following may be cited as an illuSlrution (9,10) . 

T:ı.ble i. The cJl.trcme/effective ranges for typical shotgun missiles. 

Egn (3) 

V'" 

J69 
213 
373 
426 
465 

Shot fired from stan­
dard shotgun 

(Ve = 1050 fps) 

12 G Bal! 
LG 

No. 2 
No. 6 
No. 8 

Exıreme 

Rangc (Liı.) 
(Journce) 

1420 
790 
295 
225 
190 

Extreme Effective Range 
Eqn (5) Egn (6) 
Av. Values 
ııSing Inga!!s i British Table. 

673 664 
338 327 

81 77 
54 51 
41 39 
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Extreme effective range should however, not be confused with the overall 
effectiveness of the firing from the shotgun, overlooking the spread of the pattem and 
the few number of shot striking the body at large distance. This range merely indicatcs 
the penetration potential of the individual shot at this long distance. 

EXAMINATION OF CARTRIDGES / CARTRIDGE CASES 

This involves identifying the type of erime cartridge or the usual microscopic 
examination of the erime cartridge case connecting it with the erime gun. The latter is a 
well established forensic ballistics microscopic examination. The former is generally 
rcadily possible on the basis of dimensions, as also the head stamp markings. On 
occasions, however, the paucity of literature from certain areas like that for USSR/East 
European ammunition, renders the task somewhat difficult. In a terrorist shooting, for 
instance, we came across 9 mm pistol ammunition close to that of 9 mm Makarov but 
for the non-availability of its head stamp markings, the identification could not be 
completed. 

Occasionally it has been found profi table to test for fired ammunition rcsidues in the 
cartridge was established by detection of characteristic residues in the erime cartridge case 
and the same on the clothing of the victim (close range fıring). 

There are instances where a pistol bullet fired from arevolver e.g. a 9 mm pistol 
cartridge from 0.38 revolver, a vice-versa, e.g . .320 revolver cartridge from a 7.65 mm 
pistol. Normal firing of 0.320 Rev-cartridge from 7.65 mm pistol when repeat fire and 
ejection of the empty may rupture or at times jam the pistol, has been reported (1 1). In 
the former, the absence of the ejector mark and in the latter, the presence of extractor and 
ejector marks throws light on the siluation. In the case of some countrymade hand guns, 
where firing pin punctures the primer cup rendering the identifications of cartridge cases 
on the basis of firing pin mark impossible, the presence of peculiar bulging below the 
rim of the fired cartridge case, would prove very useful in the identification of the erime 
gun. 

The reporting norms vary from characteristic features in the fi ring pin, breech face 
and other impressions (full idcntification) to broad matching in respect of general 
features in the firing pin or other markings, to non-matching as the case may be. Some 
times, the non-availabili ty of the right type of ammunition submitted to the laboratory 
for test firing (e.g. a brass primer in the erime cartridge case as against aluminium 
primer in the cartridge(s) submitted by investigating officer), as also special problcms 
like presence of rocating firing pin in the country-made handguns, ete. add to the 
difficulties in the identification work, though not making it impossible. 
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BULLET COMPARISON 

Examination of the fired bullet in order to relate it to the erime gun on the basis of 
striations registered from lands/grooves of the rifled barrel, is a very important aspect of 
forensic ballistics work which when done with care, af ter satisfying the preliminaries 
like, number, width and the direction and magn İtude of twist of the land/groove 
impressions, should ordİnarily not present much of a problem to arrive at the conclusion 
of the type of weapon (make and model) involved as also the characteristic striations 
tallying or not tallyİng to identify the erime gun. Though it is the ballistic experL's 
discretion to submit photomicrographs of bullet (or cartridge case) comparison wilh his 
report, it has been widely recognised and accepted that it is not obligatory to do so for 
purely technical reasons in the interests of justice. 

OccasionaBy in the case of metal jacketed bullets fired from rather wom out barrels, 
the characteristic striations may not be present to the degree required for positive 
identification, in which case the opinion possible under the circumstances would be that 
the details on the erime bullet are consistem with its having been fired from the weapon 
in question. In "no gun" cases the examination of fired bullets may be necessary to 
indicate whether one or more guns have been fired in the incident or to throw light on 
the type (make and model) of the gun which has been used. In a terrorist shooting, for 
example, the rather uneommon landjgroove widths on the erime bullets pointed to a 9 
mm Mannlieher or Walther pistol. 

The bullet comparison work, may occasionally be rendered diffi.cult by skid marks or 
slips as in the ease of slightly larger barrel (wom out barrel or use of not properly 
matehed ammunitian), or in the ease of a gun malfunetioning af ter its use in the erime 
case in question. In the latter ease it has been found that a sulphur/paraffin east taken at 
the muzzle end of the gun in question is very helpful in relating the fıred bullet to the 
gun, indicating that the striations left on the bullet, imprinted on it during the dynamies 
of its progress through the barrel, are mainly from its passage through the last few cms 
of the barrel. 

Though ordinari ly, smooth bore eountry-made handguns would not give an 
opportunity for bullet comparison, there have been instances where due to constructional 
features (e.g. a sight fixture protruding inside at the muzzle en d) bullet comparison has 
been unambiguously posilive (12). Air gun peHets fired from air rifles also are amenable 
to gun identifieation. . 

Matching of bullet composition readily possible by semi-quantitative emission 
speetrographic analysis, is useful on many oceasions. While in the case of standard 
ammunition this may have a merely corroborative significanee İn relating the erime 
bullet/shot to the stoek of the ammunition seized from the accused, such examination 
has proved more purposeful having high evidential value in relating the erime shot 
(recovered from the deceased or from the erime scene) used in muzzle loading guns or 
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refiııed cartridges with the iead shot available with the accused (13). The matching 
(Table II) has been convincing over a number of tracc elements and the high evidcnıial 
value is obvious from widely different tracc elemental pauem (TEP) from one casc to 
anoıher. 

Table II. Typical correspondenee or oıherwise between erime and comparison lead shots. 

C Traee element ) 
Source Copper Tin Bismuth Iron Silver Antimony Altımin.ium Others 

Case 
ıdenıity i 

No 
non-

identity 

i v=s=a vf vf mf f Nil ms Nil Nil 

II 
v=a mf m Nil vf Nil f Nil Nil 

ın 
v=s ın mf Nil vf mf mf vf Nil 

IV 
vt:. a m/m vf/m Nil/ Ni 1/ Nil! rı mf! Nil! 

Nil Nil Nil Nil Nil Nil 

Note: 1) v = shot recovered from victim at post-mortcın examination, a = seizcd from aecused , 
s = recovered at the seene of erime. 

2) vf (vcry faint), f, mf, m, ms (medium streng) are the obscrvcd cmission spcctrographic 
anaıyıical line inteıısilies. 

MICROCHEMICAL i INSTRUMENTAL ANALYSlS 
OF GUNSHOT RESIDUES 

Befüre dcaling with the subject of GSR's (inorganics like Pb, Sb, Ba, Cu ete. as it is 
envisaged taday) mention may be made of the use of nitrite pattems visualized by (;on­
ventional diazo and coupling chemical test for opiııion on close distance fidng, keeping 
alsa in view the other obvious elose distance firing phenomena ohserved around the 
shothole on the target materia! such as elothes ete. This has be en done successfıılly, 
even when the fabric around the shothole was substanlially blood sı.aincd, as against the 
reported difficulty in such a situation (14). 
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Lot of work has bcen done on metallic GSR's in the hand washing of persons 
sııspected to have fired a gun. The data is highly variable (15,16). Nesbitı (15) found in 
the case of 0.38 revolver firing outdoors, OSR's . Pb 0.64 ± O.jj and Sb 0.04 ± 0.04 
as against average hand blank values of 004 and < 0.01 lig respectively. Krishnan (16) 
reports non-firing hand valucs : Pb (1.3 - 4.0, Av. 2.4 !lg), Sb (0.001 - 0.02, Av. 0.008 
fJ.g) as against GSR's: Pb (7.5 - 20.0, Av. 13,4 j.l.g) and Sb (0.014 - 0.45, Av. 0.097 
f!g), presumably for indoor firing of 0.38 Revolver ammıınition. In this cantexl, hand 
washings were examined by us for presence of nİtrİlc, af ter single shoı firing of .32/.38/ 
.455 revolvers and 12 bore coııntry-madc handgun when levels of the order, 1.85 ± 0.40, 
2.14 ± 0.98, 1.66 ± 0.62 and 1.83 ± ,43 fJ.g N02' respectively were observed17 as 
against the hand blank levels in Bombay populalion (high pollution leveJs) of the ordcr 
of L.19 ± 0.3 !Lg N02'. 

A study of GSR's around shotholes is useful in throwing light on the close distance 
of firing and at times on the nature of amma used. [n terrorist shooıings of the vietims 
İn theİr ears, the GSR's taken on aqueous swabs with appropriaıe eontrals (car/reagent 
control) on neutron activalion analysis (referred to Bhabha Atornic Research Centre, 
Bombay) showed significant GSR levels consistent with close range firing on the cars 
(Table nI), plus idenıificalion of the alleged ammunition (18). 

Tablc III. Gunshot residues on vehicle, . NAA 

Sr. 
no. 

2 

Amma Swabs 
taken frrıffi 

9 mm pistol Shothole car 

7.62 mm 
pistol 

Carwindow 
frame 

Barium 

H.6 
(1.9 b;;wK:) 

Negative .. 

* Barium negatiye in the aUegcd ammunition too, 

GSR's in )Lg 

Copper 

3.3 
(;.cH blank) 

2.4 
(1,5 blank) 

Anıimony 

0.97 
(n.m fJ1.-,c;) 

0,135 
(0.03 blank) 

The use of scanning electron microscüpe with x-ray analytical [adlity, so also 
Atomie Absorption for OSR's has been rcported to be lIsefu!' We have tried in this 
conıextlaser prohe microspectral analysis of OSR around the shotholes directıyon the 
targeı material (19) (no sample preparalion, wct ashing, reagent blank, eıc.). Aten pulse 
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non-Q switched Nd3+ gl ass laser probe in the case of 0.22 rifle/.38/,455 revolver shots, 
could detect Pb/Ba/Sb/Cu at various c10se distances as indicated in Table IV below: 

Table IV. Laser probe arcund shotholes on colton doth. 

GSR 
Detected * 

Up to 8" 

Up to 15" 

Up to 3 ft 

NOl detected 

0.22 rifle 

Pb/Ba/Cu 

sb 

0.38 Rev. 0.455 Rev. 

KF Amın.** 

Pb/Ba sb 

Gl Gl 

pb 

sb Ba 

.. 1 cm away from shoUıole. GSR roughly decreasing in intensity with inereasing firing distance 
[ the GSR's detected by x-ray jluorescence have been reported as not reproducible (20) L. 
** Kirkee Ammunition Factory. 

CONCLUSION 

it will be obvious from the above that the forensic ballistics as required to be 
practiced today, demands expertise not only in the areas of the conventional 
identification of firearms but far beyond, including the modem sophisticated analytİcal 

methodology. Forensic ballistics has graduated to a sophisticated multidisciplinary 
applied science in its own right. 

REFERENCES 

1- Mattoo, B.N.,Wani, A.K., Asgekar, M.D. (1974) J. Forensic Sci., 19, 585-589. 
2- Mattoo, B.N., Baisane, S.O., Askegar, M.D. (1981) "An Ana1ysis of Gunshot-Wound Production", 
Part-II, Workshop on Terminal Ballistics,pp.212-217, Proceedings, Inst. Annament Technology, Pune. 
3- DiMaio , V.J.M., Copeland, A.R. , Besant-Mathews, P.E., Fletcher, L.A., Jones A. (1982) J. 
Forensic Sci., 27, 894-896. 
4- Mattoo, RN. (1984) J. Forensic ScL,29, 700-703. 
5- Mattoo, RN., Wani, kK., Asgekar, M.D. (1985) in Parikh's Text-Book of Medical Jurisprudence 
and Toxicology, Part l, p.267, Med. PubL, Bombay. 

Adli Tıp Dergisi 1988; 4(1-2): 45-55



Modem Trends in Forensic Ballistics 55 

6- DiMaio, V.J.M., Jones, J.A., Caruth, W.W., Anderson, L.L., Peuy, C.S. (1974 ; 1975) FBI Bull. , 
12,3-8; 6, 10-13. 
7- Mattoo, B.N., Wani, A.K. (1979) Acta Chir. Scand , Suppi. , 489, 27-34'. 
8· Mattoo, B.N. , Asgekar, M.D. (1972) Arch. Kriminol ., 149, 175-182. 
9- Mattoo, B.N., Wani, A.K., Asgekar, M.D. (1977) "Extrerne Firing Range with Special Reference to 

Shot Penetration", Proc . lll. All India Farensic Sci., Can!, 158-162. 
10- Mattoo, B.N., Unpublished data (being communicated). 
11- Svensson, A., Vendel , O., (1959) in Techniques of Crime Scene Investigation" , (Nical, J.D., ed) 
p.224, Elsevier PubI., New York. 
12- Rao, A.M., Asgekar, M.D., Wani, A.K. (1977) Police Research & Development, 4.6, 20·22. 
13- Baisane, S.O., Asgekar, M.D., Nabar, B.S. (4-6/ 1975) Police Research & Development , 4-6, 
22-23 . . 
14- Maiti, P.c. (1973) J. Forensie Sci. Sac., 13, 197. 
15- Nesbitt, R.S. , Wessel, J.E., Wolten, G.M., Jones, P.F. (1977) J. Forensic Sci., 22, 288-303. 
16- Krishnan, S.S. , Gillespie, K.A., Anderson , E.J. (1971) J. Farensic SeL , 16, 141-15 1. 
17- Baisane, S.O., Asgekar, M.D., Mattao, B.N. (1985) Nitrite Gun Shoı Residue on Hands, Proc.VI . 
All India Farensic Sci. Can!, 257-259. 

18- Forensic Science Laboratories (1984/1986) Annual Reports , Maharashtra State, Bombay. 
19- Baisane, S.O., Chincholkar, V.S., Mattao, B.N. (1978) J. Ind. Acad. Farensic Sci., 17, 31-34. 
20- ORTEC Workshop (B. 1978) Applications of Energy Dispersive XRF Analysis to Forensic 
Studies, , p.51, ORTEC Ine., Materials Anal. Div., Dak Ridge, Tenesse. 

Reprlnts request to 

Dr. B.N. Mattao 
Forensic Science Laboratories,M.S., 
Santacruz CE), Kalina, 
Vidyanagir, Bombay 400 098 
India 

Adli Tıp Dergisi 1988; 4(1-2): 45-55


	ADLITIP_1988-45-55

