
FORENSIC BALISTICS

Dr. Shahnavaz Manipady                                  
MBBS,MD

Professor & Head

Dept.of Forensic Medicine & Toxicology

Kanachur Institute Of Medical Sciences



Firearm injuries



FORENSIC BALISTICS

⚫ Science dealing with the study of firearms, 

ammunitions and the problems associated 

with their use. 

⚫ Is concerned with firearms & firearm injuries. 



Ballistics –subdivisions

⚫ Proximal (internal) ballistics

Study of firearms and projectiles

⚫ Intermediate (external) ballistics

Study of motion of a projectile after being 

ejected from firearm till the time it hits the 

target.

⚫ Terminal (wound) ballistics

Study of injuries produced by firearms



⚫ Medical expert is not a ballistic expert, should 
confine himself to terminal ballistics (wound 
ballistics).



FIREARM

⚫ Any device which propels a projectile by    

the expansive force of gases generated    

by combustion of any explosive  

substance.



CLASSIFICATION OF FIREARMS

Method – 1

Rifled Firearms:

⚫ Short barrel:  1. Revolver

2. Pistol

⚫ Long barrel : 1.  Rifle

2. Machine Gun



CLASSIFICATION OF FIREARMS 

Smooth Bore Firearms (SHOT GUNS):

⚫ Depending upon barrel length

Long barrel

Short barrel

⚫ Depending upon No. of barrels

Single barrel

Double barrel







CLASSIFICATION OF FIREARMS

METHOD – 2

⚫ Automatic
⚫ Semi - automatic 
⚫ Non - automatic 



CLASSIFICATION OF FIREARMS

Automatic

Sustained pressure on trigger will cause bullets 
to keep emerging from the barrel  in rapid 
succession.

Eg.- Machine guns



CLASSIFICATION OF FIREARMS

Semi – automatic

Trigger has to be pulled and released

alternately for successive shots.

Eg.- Revolver.



⚫ Non - automatic

Spent cartridge has to be manually 

extracted and a fresh one must be loaded 

each time.

Eg.- Older types of rifle & shotgun.









Revolver 0.380 inch













0.303 Rifle



0.303 Rifle 



0.22 inch Rifle



Pistol 9mm



5.56 mm INSAS Rifle



5.56 mm INSAS Rifle



7.62 mm Self Loading Rifle



Sten Gun (CMG) 9mm



AK 47 7.62mm



Light Machine Gun



Light Machine Gun



STRUCTURE OF A FIREARM

⚫ BORE

Interior of the barrel

⚫ CHAMBER

Contains cartridge which is ready to be fired



STRUCTURE OF A FIREARM

⚫ MAGAZINE

Storage for cartridges in line with the barrel

⚫ SAFETY CATCH

Device to lock the firing mechanism when the 

weapon is not in use.



RIFLING

⚫ It refers to the grooves which are present in the 
barrel of a rifled firearm. 

⚫ These grooves extend from the muzzle to the 
breech. 

⚫ They are parallel to each other but spirally twisted. 

⚫ All weapons having “ Rifling ” are called rifled 
firearms. 

⚫ Smooth bore firearms have NO rifling & the barrel 
is smooth internally.







PURPOSE OF RIFLING

To impart spin to the bullet (Gyroscopic effect) 

which :

⚫ Increases the trajectory.

⚫ Steadies the bullet in flight.

⚫ Increases penetrating power.



CALIBRE (GAUGE) 

of a rifled firearm

⚫ Is obtained by measuring the distance 
(Diameter) between two opposing lands of 
the barrel.

⚫ It is usually expressed in decimals of an 
inch or in millimeters. 

⚫ E.g..- 0.22, 0.32, 0.303 rifle, 0.45 pistol, 9 
mm pistol etc.





Bore 
of a smooth bore firearm (shot gun)

⚫ Is expressed in terms of  “number of lead 
balls (or spheres) of equal size, that can be 
made from 1 pound of lead, each fitting 
exactly into the barrel”.

⚫ E.g.- ‘12 bore gun’ is one whose diameter 
is that of a ball of such a size, that 12 of 
them may be made from 1 pound of lead.





Bore 
of a smooth bore firearm (shot gun)

⚫ Bore of a shot gun is also expressed in 

inches and millimeters.

E.g.- 0.410 bore shot gun.

10 mm shotgun     

⚫ Smaller the Bore number greater the 

diameter of the barrel.    

⚫ Common sizes: 12, 16, 20.



Therefore, usually it is  

⚫ CALIBRE of a rifled firearm

and

⚫ Bore of a smooth bore firearm (shot gun)



REVOLVER

⚫ Muzzle Velocity      - 150 - 200 m/sec

⚫ Range - 100 m

⚫ Extension of flame  - 2 - 3 inches (5- 7.5 cm)

⚫ Extension of smoke - 12 inches (30 cm)

⚫ Extension of unburnt

powder Particles       - 24 inches (60 cm)







PISTOL

⚫ Muzzle Velocity      - 300 - 400 m/sec

⚫ Range - 100 m

⚫ Extension of flame - 2 - 3 inches (5- 7.5 cm)

⚫ Extension of smoke - 12 inches (30 cm)

⚫ Extension of unburnt

powder Particles       - 24 inches ( 60 cm )



RIFLE

⚫ Muzzle Velocity - 450 - 1500 m/sec

⚫ Range - 1000 - 3000 m

⚫ Extension of flame    - 6 – 8 inches (15-20cm)

⚫ Extension of smoke - 12 -18 inches (30-45 cm)

⚫ Extension of unburnt 

powder Particles        - 30-36 inches (75- 90 cm)



SHOT GUN

⚫ Muzzle Velocity - 350 - 400 m/sec

⚫ Range - 300 - 400 m

⚫ Extension of flame   - 6 – 8 inches (15-20cm)

⚫ Extension of smoke - 12 -18 inches (30-45 cm)

⚫ Extension of unburnt 

powder Particles        - 30-36 inches (75- 90 cm)



AMMUNITION

consists of :-

⚫ Cartridge case (shell)

⚫ Primer (Detonator) in percussion cap

⚫ Propellant (gun powder)

⚫ Projectile (bullet, lead shots)

⚫ Wad (in shot gun only)







CARTRIDGE CASE

⚫Shot Gun- Outer casing is of cardboard. 

Base is made up of Brass.                      

⚫Rifled weapon - Outer casing is alloy of 

Cu + Zn. Base is made               

up of Brass.         

⚫May be- Rimmed, Rimless, Grooved.

⚫Keeps content in place









Various components of a shotgun cartridge



The number of the pellets vary from two to
two thousand depending on the purpose for

which it is used



Different types of wads used in shotgun cartridges

















PERCUSSION CAP 

⚫ Is a compartment in the base, made up of 

copper.

⚫ Contains primer mixture

Potassium Chlorate

Antimony sulfide

Mercury fulminate

(Also lead styphnate, Barium Nitrate, etc ). 





Function Of Primer (Detonator):

⚫ To produce a spark or tiny flame – Igniting 

gun powder



PROPELLANT

This is made up of gun powder

⚫ Black powder

consists of:

Potassium nitrate(75%) - O2 source

Sulphur (10 %) - Fuel

Charcoal (15%) - Fuel



PROPELLANT

⚫ Smokeless power 

produces much less smoke & is far superior 

to black powder.

Types:

A. Single base : Nitrocellulose

B. Double base : Nitrocellulose & 

nitroglycerine



PROPELLANT

⚫ When ignited (primer)         combustion of 

gunpowder          production of smoke and 

gases ( Co, Co2, nitrogen, methane etc.), with 

tremendous pressure Imparts high velocity 

to the projectile.



PROJECTILE

⚫ Projectile in rifled firearm – Bullet.

⚫ Projectile in smooth bore firearm – Lead 

pellets ( shot ).





BULLET

⚫ Made up of lead & antimony and may be 

jacketed or non – jacketed or semi jacketed.

⚫ Jacket of steel, copper, nickel etc.

⚫ Bullet nose may be rounded or pointed.





LEAD SHOTS

⚫ Made up of lead pellets which may vary in 

No. from a few (buck Shot) to many ( Bird 

shots)

⚫ Chilled shot: Made up of hardened lead.





Slug



WADS

Card board or plastic disc.

Functions:

⚫ Separator

⚫ Piston

⚫ Lubricant









CHOKING

Narrowing of the barrel of a smooth bore 

firearm towards the muzzle end. 

The purpose is to:

⚫ Minimizes dispersion of the pellets.

⚫ Increase the range.





CHOKING

⚫ Full choke refers to maximum degree of bore 

constriction. 

⚫ Lesser degrees are referred to as half choke, 

quarter choke, etc. 

⚫ Cylinder Bore - If barrel is not choked





CHOKING

⚫ Degree of choking various from 7.5 to 100-
thousandth of a centimeter.

⚫ Depending upon the extent of narrowing :

Full choke - (70%)*

Half choke - (50%)*

Quarter choke - (40%)*

Cylinder Bore - (30%)*

* The percentage of shots found in a 30 inch 
circle at 40 yards.



FIRE ARM INJURIES

Fire arm injuries by Hand guns, Rifles and 

Shotguns are studied under following ranges:

⚫ Contact Shot

⚫ Close Range:

⚫ Intermediate range (Near range) 

⚫ Distant shot









Revolver/ Pistol

⚫ Extension of flame - 2 - 3 inches (5- 7.5 cm)

⚫ Extension of smoke - 12 inches (30 cm)

⚫ Extension of unburnt

powder Particles       - 24 inches ( 60 cm )



RIFLE/ SHOT GUN

⚫ Extension of flame    - 6 – 8 inches (15-20cm)

⚫ Extension of smoke - 12 -18 inches (30-45 cm)

⚫ Extension of unburnt 

powder Particles        - 30-36 inches (75- 90 cm)



TERMINOLOGIES

⚫ ‘Grease collar ’ - grease rubbed off from 
bullet.

⚫ ‘Abrasion (contusion) collar ’  - Impact of 
spinning bullet.

⚫ Scorching / singeing (flame).

⚫ Blackening / Smudging / Fouling / Soot 
(smoke- burnt gun powder).

⚫ Tattooing / stippling / peppering

(Unburnt gun powder ) 



Inner grease collar Abrasion collar

Entry 

wound

Blackening 

Tattooing 



Abrasion collor



Handgun Injury
(Pistols & Revolvers)

Entry wound:

Contact shot (point blank) -

⚫ The discharge is usually blown into the 

wound track,  therefore 

‘Scorching’ ( Singeing ), ‘ Blackening ’ and 
‘ Tattooing ’ may not be present.



Handgun Injury
(Pistols & Revolvers)

Entry wound: Contact shot –contd…….
⚫ Tissues may appear ‘cherry pink’ in colour 

due to carbon monoxide in the smoke.

⚫ ‘ Muzzle imprint ’ – contusion ring due 

recoilling of muzzle end, may be seen .









Contact shot: note the muzzle imprint



Handgun Injury
(Pistols & Revolvers)

Entry wound: Contact shot –contd…….
⚫ The wound may be triangular, stellate or 

cruciate with everted edges due to 

‘ Blow back effect ’ i.e. expansion of gases 
beneath the skin.













Handgun Injury
(Pistols & Revolvers)

Close range (Within 7.5 cms):

⚫ Wound is circular with inverted edges.

⚫ There will be 

Grease collar 

Abrasion (contusion) collar 

Scorching, blackening & Tattooing  



Handgun Injury
(Pistols & Revolvers)

Intermediate range (Near Range) ( 7.5 to 60 
cms):

⚫ Edges inverted.

⚫ Abrasion & grease collars present.

⚫ No Scorching ( Singeing ) 

⚫ Blackening may be seen upto 30 cms.

⚫ Tattooing Present.



Handgun Injury
(Pistols & Revolvers)

Distant range ( Beyond 60 cms):

⚫ Only Grease collar & Abrasion (contusion) 

collar seen. 

⚫ Scorching, blackening & Tattooing absent.



Handgun Injury
(Pistols & Revolvers)

Exit Wound:

⚫ Larger than entry wound except in contact 

range.

⚫ Usually irregular in shape.

⚫ Edges everted.

⚫ No abrasion collar, grease collar, scorching 

( singeing ), blackening & tattooing,.



Contact                       Close                         Near

Near                         Distant









Contact shot range

Close shot range



Near shot range

Distant shot range





RIFLE INJURY

⚫ Similar to handgun injury, but scorching, 

blackening & tattooing are seen at greater 

ranges.

⚫ Scorching / singeing upto 15 cms

⚫ Blackening up to 45 cms

⚫ Tattooing up to  90 cms



Entry wound:

Contact shot (point blank) -

⚫ Large, oval or round wound 

⚫ Ragged & contused margin.

⚫ There may be extrusion of tissue due to 

‘ Blow back effect ’ 
⚫ Muzzle imprint may be present.

SHOT GUN INJURY



SHOT GUN INJURY

⚫ Scorching

Blackening 

Tattooing 

may all be present, but usually not 

extensive.

⚫ Wad may be present.(  upto 2 mtrs)







SHOT GUN INJURY

⚫ Contact wound of the head is associated 
with severe mutilation & damage.

⚫ There is usually a  large, irregular defect in 
the skull with radiating fracture lines. 





SHOT GUN INJURY

Close Range: (Up To 15 cms) -

⚫ Similar to contact wound, but scorching, 

blackening & tattooing are more 

extensive, depending on the range.

⚫ Wad is usually seen.



SHOT GUN INJURY

Near range (15 to 90 cms)

⚫ Edges inverted.

⚫ No Scorching ( Singeing ) 

⚫ Blackening may be seen upto 30-45 cms 
cms.



SHOT GUN INJURY

⚫ Tattooing Present. 

⚫ ‘Rat hole’ appearance of entry wound beyond 30 
cms and within a metre. 

⚫ Wad may be present. 



Scalloped margin..rat hole appearance 



SHOT GUN INJURY

Distant Range (Beyond 90cms):

⚫ No scorching, blackening, tattooing.

⚫ Death is rare. 

⚫ The shot begins to disperse &  individual 

pellet holes are often seen.



SHOT GUN INJURY

⚫ Satellite wound around main entry wound seen 
within 1 – 4 mrtres range

⚫ As range increases, the main entry wound 
becomes smaller while individual pellet wounds 
become more numerous.

⚫ Beyond 4 metres wide-spreading of individual 
pellet wound. 

⚫ Beyond 10 metres , there is uniform-spreading

of individual pellet wound without central 

wound.



Shotgun wounds 
(smooth bore firearm wounds)





















Rule of Thumb

⚫ Diameter of spread of pellets

1 inch = 1 yard [un-choked]

1 inch = 1.5 yard [choked]

⚫ Diameter of spread in cm/ 3 = Range (m)



SHOT GUN INJURY

Exit Wound -

⚫ Is usually present and may be larger ( than 

entry wound ) with everted edges. 

⚫ There may be evidence of individual pellets 

having exited separately.



AUTOPSY AND M. L. A

⚫ Clothing

⚫ X-ray 

⚫ Range of firing

⚫ Direction of firing

⚫ Kind of weapon



Examine the clothes carefully



Note the blackening 

caused by the smoke 

emanated at the muzzle 

end of the gun. This 

observation helps in 

estimating the distance 

between the victim and 

the assailant





Note the entry wound, smudging and tattooing on

the clothes indicating the nearness of the range











AUTOPSY AND M. L. A

⚫ Injuries - external and internal

⚫ Manner of death-Accident, suicide, homide. 

⚫ Cause of death

⚫ Collection of evidence and cause of death

⚫ Trace the wound track

⚫ Structures damaged in the path



Muzzle imprint

Describe 

accurately

for correlation

With weapon













1 Entry

2 Entry

3 Entry

4 Entry

1 

Ex

it

2 

E

xi

t

3 Exit

4 



▪ Different gun manufacturers use different 

rifling techniques. These techniques impart 

the characteristics on a bullet. 

▪ Number of lands and grooves 

Width of lands and grooves 

Depth of lands and grooves, differ in each      

firearm. 



⚫ No two gun barrels have the exact same 

rifling markings. 

⚫ These markings leave unique striations or 

impressions on a bullet. This allows a bullet 

to be traced back to a particular firearm. 



Note the rifled 
marks 

on the bullet

Rifled marks are absolutely

individualistic as finger prints.

It helps to link the crime bullet to 

the suspect weapon. 

Pack the carefully recovered 

bulletin a padded box and seal & 

send it to the ballistic expert.



IDENTIFICATION  OF 

FIREARMS

⚫ The  fire arm

‘Bullet Finger printing’

⚫ The comparison microscope 

-‘ Crime bullet ’ and ‘ Test bullet ’



Establishing the identity of the suspect weapon is done  by 

comparing the rifled marks the crime bullet has on its surface  with 

the test bullet, under the comparison  microscope.



When the rifled marks are identical on both the bullets, 

the identity of the offending weapon stands established 

beyond any doubt.



AUTOPSY contd......

⚫ Rubber tip forceps used to handle bullets.

⚫ Bullet recovered – not cleaned – shade 

dried

⚫ Bullet marked for future identification on 

its base with sharp point object.

⚫ Wrapped in cotton – preserved in empty 

cardboard box and referred to ballistic 

expert/ FSL.



AUTOPSY AND M. L. A

▪ Count and account the projectiles

▪ If not tallying, revisit the scene 



DERMAL NITRATE TEST 
( PARAFFIN TEST )

It is a method to find out whether a suspect 
discharged a firearm recently, or not.

PRINCIPLE:

⚫ Whenever a firearm is discharged, some gun powder 
residue  always contaminates the hand that holds the 
weapon.

⚫ The tests detects the presence of nitrates & nitrites 
in the powder residue









DERMAL NITRATE TEST 
( PARAFFIN TEST )

METHOD:

⚫ Molten paraffin wax is brushed on the suspect’s 
hand                 

⚫ After hardening it is peeled off. 

⚫ The inner surface of the wax cast is then treated 
with diphenylamine or diphenylbenzidine reagent. 

⚫ ‘ Blue colour’ develops wherever the powder 
residue is present.



DERMAL NITRATE TEST 
( PARAFFIN TEST )

DRAWBACKS:
FALSE NEGATIVE RESULT
⚫ Washed hand
⚫ Delay in doing the test.
⚫ Weapon is well constructed.
FALSE POSITIVE RESULT
⚫ Hand contaminated with nitrogenous compounds –

Tobacco, leguminous plants, soil, cosmetics, 
fertilizers etc.



Other tests

OTHER TESTS (To find out whether a suspect 

discharged a firearm recently, or not) are:

⚫ The Harrison & Gilroy test

⚫ TLC, HPLC, GC.

⚫ Atomic absorption spectroscopy.

⚫ Neutron activation analysis.



BALLISTICS - SPECIAL ASPECTS

⚫ Billiard ball effect 

⚫ Balling of shots

⚫ Ricochet 

⚫ Bullet embolism

⚫ Dum Dum bullet



⚫ Tandem bullet

⚫ Tandem catridge

⚫ Souvenir bullet

⚫ Exhibit bullet

⚫ Frangible bullet

⚫ Incendiary Bullet



⚫ Single entry, multiple exits

⚫ Multiple entry/exits (single shot)

⚫ Atypical wound of entrance

⚫ BEVELLING

⚫ Back spatter



Billiard ball effect:

⚫ Extensive disruption of lead shot because 
of pellets striking against each other in 
flight.

Balling of shot:

⚫ The lead shots are bunched together for 
an extended distance than normal during 
flight.

Atypical firearm wounds 



Ricochet Bullet: 

⚫ Bullet strikes intervening object, gets 

deflected, misses the target.

⚫ Ricochet Bullet , if hits a person, will have 

distinct entry wound features.

⚫ Large, irregular entry wound, 'Key hole' 

⚫ No scorching, blackening, tattooing, 

⚫ No abrasion or Grease collar [bullet looses 

its spin]





Bullet emboli:

⚫ Bullet entering large blood vessels may 
behave as an emboli.

Souvenir bullet:

⚫ A bullet that remains in the body of a 
surviving victim of gunshot for a long time 
without producing a deleterious effect.



Tandem (piggy back) bullet:

⚫ Sometimes when a firearm is discharged, 

the bullet does not emerge. On pulling the 

trigger later again, two bullets may 

emerge.

Tandem (Duplex) cartridge:

⚫ A single cartridge contains two bullets, one 

behind the other.



⚫ Dum Dum bullet : 

Jacketed bullet which explode on 

impact.

⚫ Frangible bullet : 

Made up of compressed particles of 

metal and paint, disintegrates to dust 

like particles on impact. 

Used for training. 



Incendiary bullet :

▪ Type of bullet used to cause fire in the 

target. 

▪ Jacketed bullet with front half of the core 

removed and space filled with white 

phosphorus or composition of barium 

nitrate and powdered aluminium and 

magnesium.



Yawing bullet:

⚫ A bullet that has an unsteady trajectory 

during flight.

Tumbling bullet:

⚫ A bullet that tumbles end on end 

(somersaults) during flight.

Tail wag/wobble:

⚫ Tip of the bullet follows the axis of 

trajectory but tail describes a circle or 

spiral around line of flight.



Yawning Bullet:

Does not travel with its long axis in line of flight



Tumbling Bullet

Rotates End-on-end during flight



Baton round/Rubber bullet :

It’s a riot control projectile, usually rubber or   
plastic/pvc.

Armour piercing bullet :

Military bullet designed to penetrate light steel         

armour.

Explosive bullet : 

Potential risk for surgeons/ autopsy surgeons.    

May explode during emergency surgery or  

diagnostic techniques.













Kennedy phenomenon:

⚫ Surgical intervention and alteration of 

firearm wound, causing problems in 

medicolegal interpretation.



Rayalaseema Phenomenon

⚫ Deliberate mutilation of a firearm injury to 

mislead the investigation. 

⚫ Eg. Cutting or stabbing through a firearm 

injury.



⚫ Rayalseema Phenomenon



Back spatter: 

Blood and body tissues blown back into the 

gun barrel , especially in a contact range



SUICIDE

⚫ More common in 
males 

⚫ Usually single 
wound

⚫ Injury in one of the 
sites- temple, centre 
of forehead, roof of 
mouth, left side 
chest.

HOMICIDE

⚫ Can involve either sex

⚫ Usually multiple.

⚫ Can be anywhere

(inaccessible areas & 
non-vital areas).



SUICIDE

⚫ Usually contact 

wound. 

⚫ Weapon near the 

body

⚫ Scene – victim’s 
home 

⚫ Suicide note may 

be present

HOMICIDE

⚫ Close or distant 

shot

⚫ Weapon absent 

⚫ Anywhere

⚫ Absent



⚫ Thank You 


