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   CRIMINALISTICS AND PHYSICAL EVIDENCES 

 
LESSON NO. 1.1                    AUTHOR : DR. MUKESH KUMAR THAKAR 
 

TOOL MARKS 

 

OVERVIEW : 

 INTRODUCTION 

 TYPES OF TOOL MARKS 

1. INDENTED TOOL MARK 

2. STRIATED 

3. OTHER TYPES OF MARKS 

 COLLECTION OF TOOL MARK EVIDENCE 

 EVALUATION OF TOOL MARKS 

 

INTRODUCTION 

Tool marks are extremely important evidence in forensic investigation of crime. These 

are frequently found in the cases related to burglary, car theft or in certain other 

crimes. These marks are generally present at places where the entry is by force, by 

breaking of vaults, cutting of wires, breaking of a lock of almirah, opening the lock 

with either by master or ghost key etc. In addition to this, tool marks can also be 

present on the bullets and cartridge cases.  

Tool mark is a mark resulting from contact between a tool and the surface of some 

other object. When two surfaces comes into contact with each other with sufficient 

pressure, the harder one (generally the tool) will scratch or make an impression of 

itself on the softer surface (generally the object). The "tool" is not necessarily an object 

that was designed to be used as a tool; thus, objects that would not normally be 

thought of as tools in the conventional sense can be responsible for tool marks.  

Both class and individual characteristics are commonly found in tool marks. The 

impression left by a screwdriver used to pry open a window, for example, may reveal 

the width and outline of the head of the tool and the shape of the shaft and the 

manner in which the shaft was joined to the head, in addition to individual 

characteristics. Tools in the possession of criminals/mechanics are often extensively 

used or abused and may be damaged. The wear and tear or use characteristics of a 

tool may be reflected in the tool mark it leaves, and this becomes an important 

element for individualization of the tool. Even with new tools, particularly those that 

have finished by grinding, individual characteristics may be present in the tool marks 

(according to law of individuality). Knowledge of how tools are manufactured can be 

vital in certain investigations. 

 

1 
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TYPES OF TOOL MARKS 

Tool marks are basically of two major types:  

1. Indented  

2. Striated 

3. Other types of marks 

Before going in details about the types of tool marks, it seems to be very essential to 

discuss about the important types of markings. These markings are produced when 

two surfaces come in contact with each other and one or both of them receive 

distinctive marks in the process. If these markings are accurately recorded and have 

proper knowledge of other surface can be useful for individualizing the tool. These 

markings are of following three types:  

IMPRINTS  

These are two-dimensional contact marks, which are formed when material is 

transferred as a result of contact and subsequent separation. An imprint may 

represent a transfer of material to the marked surface or, occasionally, the removal of 

material from it. In either case, the pattern produced is in some measure a record of 

features of the object that made the mark. These features are essentially two-

dimensional, and can be sufficiently documented by photographic techniques. In most 

cases, however, photography and lifting methods are used for the documentation and 

preservation of imprint evidence. It is preferable to collect the actual imprint itself 

whenever possible.  

Typewriting and fingerprints are common examples of imprint evidence. Other types of 

two-dimensional contact pattern evidence would include certain footprints or shoe 

prints, palm prints, tire prints, fabric pattern imprints, and lip prints etc.  

Imprint evidence is generally individualized by comparing the questioned mark to a 

standard mark made by a known object in the laboratory, which is suspected of 

having made the questioned mark. A point-by-point comparison process is used. The 

questioned and standard marks may either be placed side by side, or a transparency 

overlay of one of the marks, which can be superimposed over the other mark, may be 

prepared. The overlay procedure greatly facilitates a rapid checking of the cor-

respondence of points. A display showing both marks side by side, with points of 

comparison numbered, is often useful for the court purposes.  

INDENTATIONS  

These are three-dimensional contact patterns, which are generally produced when a 

harder material leaves an impression of its surface features and contours in a softer 

one. There need not be any transfer of matter from one surface to the other for the 

production of an indentation. The three-dimensional indentation is itself the evidence. 

Examples of indentation evidence includes breech-face markings on the head of a car-

tridge case, firing pin indentations, certain pry marks, footprints in soft mud or soil, 

plastic fingerprint impressions, teeth impressions (bite- marks). 
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STRIATIONS  

These marks are produced by dynamic processes and can be described as sliding 

contact patterns. The matching of detailed striation markings on a questioned bullet to 

those of a standard bullet fired from a suspect's gun in the laboratory, for example, 

could prove conclusively that the questioned bullet had been fired from a particular 

gun. This finding would normally be a significant piece of evidence. On the other 

hand, the matching of two pieces of drawn wire by the correspondence of equally 

detailed die marks on their surfaces would show only that the two pieces of wire had 

been drawn through the same wire-making die during manufacture. Since thousands 

of feet of wire could bear these same marks, this finding would ordinarily have less 

significance than would being able to say that the two pieces came from the same 

original piece of wire. Only direct physical matching techniques would allow a 

conclusion as to whether two pieces of wire had a common origin. Die marks on wire 

may be considered as tool marks. Bite marks in certain materials, such as cheese or 

fruit, may exhibit striation characteristics, which can be useful in comparisons.  

The degree of individualization possible with such evidence depends on the number 

and types of features present in the marks. 

1. INDENTED TOOL MARK 

 These marks are generally made by forcing a tool against the surface of an object and 

by applying sufficient pressure to leave a negative impression of some aspect of the 

tool in the surface. The indentation resembles a tire track, or breech-face impression 

on a cartridge case. Indentations are also sometimes called impression or 

compression marks. This type of tool mark can reproduce the form of the tool quite 

accurately, as for example in the case of an old, used hammer with irregular edges 

leaving its impression in a soft wood surface. Many of the characteristic irregularities 

of the hammer edge can be reproduced in the mark. The material in which an 

indentation mark is made is very important in determining its quality. Certain woods, 

painted soft surfaces and soft plaster can yield good clear marks. Concrete, wood with 

a texture that causes easy chipping, or other surfaces that are easy to break, often 

yield indentations of much less value. "Certain metal and other hard surfaces are 

unlikely to show good impressions unless the tool is harder than the surface material 

and a great deal of force has been applied. If an indentation mark is found at a scene, 

an investigator should never place a suspected tool into the mark to see if it fits since 

the indentation can be irreparably altered by this contact. There is also a danger of 

jeopardizing the value of transfer and trace evidence, such as paint, wood, fibers, or 

metal, on the tool itself. Questions may later be raised as to whether such evidence 

was transferred to the tool by the criminal's actions or by the investigator's.  

2. STRIATED MARK 

This main type of tool mark is produced when a tool is placed against an object 

surface that is softer than the tool, pressure is applied, and the tool is moved across 

the surface. Since, the sliding or lateral movement of a tool likes a screwdriver, pry 
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bar, or crowbar makes these marks, they are also sometimes called sliding or scrape 

marks. The edge of a tool is usually rough and irregular, at least when looked at on a 

microscopic scale. These irregularities produce parallel striations aligned with the 

direction of the movement. These striation marks can be compared with known marks 

produced by the suspected tool under the comparison microscope. The value of 

striation marks, like that of indentations, varies with the surface on which they occur. 

Unfinished or soft wood surfaces rarely give useful sliding mark patterns, whereas 

finished or painted surfaces are better in this respect. The best striation marks are 

usually found on metal surfaces.  

Striation marks are also called friction, abrasion, and scratch marks. 

3. OTHER TYPES OF MARKS 

This category of toolmark includes:  

Crush marks, which are produced by applying, pressure from opposite sides of an 

object, there is a ridge of compressed material and striated marks, where the faces of 

the cutting tool have passed across the cut face of the object. Example is pliers 

cutting wires.  

Multistroke Marks, which are caused by a repetitive action of tools for example 

saw and files.  

Sometimes a combination of the two types of tool marks is present on the same 

surface. For example, in a glancing tool blow, a striation mark is generated, but a final 

negative impression of the tool surface (indentation) is also left. Another example 

might be of a crowbar used on a metal-wood double door. Striation marks could be 

generated by the pushing action of the crowbar, whereas an impression mark could 

be left as the result of the final prying action.  

Cutting marks, shearing marks, saw marks and pinch marks could also be included 

in this category. These are also made up of both indented and striated components. 

Bolt cutters, for example, can leave both types of marks. The edges normally slide 

along the metal being cut and compress it as well.  

COLLECTION OF TOOLMARK EVIDENCE  

The tool marks are generally found on doors or windows at the points of entry and 

may also be found on and around crime target areas, such as safes, locked drawers, 

and closets or on other places where valuables might be kept. These marks can also 

be found on objects or containers that were disturbed during the commission of a 

crime. Occasionally, unusual situations may also be encountered. A getaway car or 

other vehicle, for example, might acquire tool marks (as well as transferring trace 

evidence) as a result of a minor collision with an object near the scene (pipe, post, 

etc.).  

When tool marks are revealed at a scene, they should be recorded with notes and 

sketches and photographed first to record their location, size, pattern, and 

arrangement. If the object bearing the tool mark is movable, it is better to submit the 

entire object to the laboratory. If it is immovable, then the portion containing the tool 
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marks may be either removed/cut or cast of the marks may be prepared by using 

silicone rubber dental casting compound. If a suspected tool is recovered, the 

investigators should not try to fit it into the tool mark, as pointed out above. Such 

action could damage the mark and could compromise the value of any trace evidence. 

Information about a tool may be obtained from trace materials left behind in impres-

sions or on the surface around the tool mark. This information can be as important as 

the mark itself. Similarly, trace evidence can be transferred; from a surface to a tool in 

the course of making a toolmark.  

Tool marks are subject to damage during transportation and this may alter the 

individual characteristics. In addition to it the trace evidence material like paint, oil or 

glass present on the tool could be lost. To prevent this careful and proper packaging is 

necessary. 

EVALUATION OF TOOL MARKS : 

Once this evidentiary material reaches laboratory, it has to be evaluated critically. The 

laboratory examination of toolmark evidence can yield following important information 

about:  

(1)  The type of tool used  

(2)  The size of the marking portion of the tool  

(3)  Any unusual features of the tool  

(4)  The action by which the tool made the marks and  

(5)  A conclusion as to whether a particular suspected tool made the specific  

  marks. 

In preliminary examination, all the appearance of the mark of the tool is observed and 

recorded with the help of photographs and sketches. Then remove any adhering loose 

debris (if any) such as paint, swabs of oil, grease, hairs, fibers, and soil. This may 

form valuable trace evidence.  

After that these marks are examined under low magnification to ascertain 

characteristics and any unusual features. These characteristics are : 

 Class characteristics 

 Sub-class characteristics  

 Individual characteristics 

CLASS CHARACTERISTICS  

These are features present in all tools of a particular type. The features are introduced 

during manufacture; they are deliberate and are predictable in advance.  Examples 

are the size and type of screwdriver, the shape of a hammerhead, and the land on a 

bullet.  

SUB-CLASS CHARACTERISTICS  

These are features present on some tools of a particular type but not on all. These are 

generally produced during manufacture and; are generally accidental, therefore not 

predictable in advance. Accidental features would be, for example, a slight defect in a 

press producing a screwdriver. This would produce a mark present on all screwdrivers 
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produced on that machine but not present on similar screwdrivers produced on other 

machines  

INDIVIDUAL CHARACTERISTICS  

These are marks produced during manufacturing process and by continuous use. 

They are accidental and cannot be predicted in advance. It is so unlikely that any two 

objects would have the same accidental features that these marks are regarded as 

uniquely identifying the object, which made the tool mark.  

Individualisation is based upon the theory that the marks are the products of 

randomly occurring defects, which can be the result of continuous and very frequent 

use of that particular tool. The probability of two different objects having exactly the 

same defects at the same place is so small that it is, for practical purposes, non-

existent. The technique is entirely subjective since at present there is no technique, 

which will provide an objective assessment of a comparison though studies have been, 

and are being, carried out.  

One difficulty in deciding when there is sufficient information present for a positive 

conclusion to be reached. A second difficulty is that no two marks produced by the 

same tool will ever be the same. When making test marks it is normal to take more 

that one so that the range of variation can be assessed. Two marks are said to have 

been made by different tools if :  

a) There are sufficient details to establish identity:  

b) All class characteristics match; and  

c) There are no inexplicable differences in the individual characteristics 

COMPARISON MICROSCOPY :  

The comparison between the questioned mark and the test mark produced by the 

suspected tool in the laboratory by using a comparison microscope. It is essential to 

compare 'like with like'. This means that the comparison is between the tool and a 

cast of the mark or between the mark and a test mark made by the tool. A direct 

comparison between a tool and a mark is rarely done and best avoided if possible. 

The comparison microscope consists of two microscopes joined by an optical bridge, 

which enables the images of two objects to be viewed simultaneously side-by-side. 

This is at present the only exact way of comparing tool marks. Illumination and 

orientation of the two objects must be a near identical as for as possible. The 

illumination can be of the different types. 

Test marks must be made on a soft substance since this minimizes any alteration of 

the tool caused by the work surface. Lead sheet is commonly used. More than one test 

mark is necessary since no two marks made by any tool will ever be identical. By 

making more, than one test mark one establishes the range of variation to be expected 

from that tool. Make marks of all possible surfaces of a tool, for example a screwdriver 

has two surfaces and a pair of pliers used as a cutting tool has four. When making 

striated marks the appearance of the mark will depend upon the angle at which the 

tool was held with respect to the work surface Inspect the class characteristics of the 
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case mark to try to determine the angle of the tool and try to reproduce this in the test 

mark. For scrape marks, use a piece of lead sheet and scrape the edge of the tool 

across the surface. Make at least three test marks. Use the comparison microscope to 

compare the test marks to each other. Compare the cast mark to the test marks. In 

the case of pinch marks make at least three test cuts in lead sheeting. At each cut, 

mark the sheet so that the marks are made by each of the four cutting edges can be 

identified. Compare the test marks using the comparison microscope and note the 

degree of variation. Compare the cast marks with the test impressions, scanning 

along the edges of the test cuts until a match between the cut edge and the case 

sample is found.  

The basic important elements in a tool mark examination and comparison are :  

 Reproduction of test marks in a manner resembling the questioned 

mark as closely as possible (test marks produced at slightly different angles 

or directions can result in marks that are completely dissimilar)  

 Comparison of the striations of damaged areas, and other 

characteristics of the test mark with those of the questioned mark. There is 

no specific number of matching lines, which examiners require in order to 

reach a conclusion whether the test and questioned marks match.  

 Successful determinations depend on the quality of the original tool 

mark, that of the standard mark, the nature and quality of the tool, and the 

experience of the examiner. 

After comparison, one of the following conclusions will be reached:  

Comparison is not possible This can arise because of damage to the tool or the 

mark. The result is inconclusive. There is agreement of class characteristics but there 

are insufficient discernible individual characteristics for a conclusion to be reached 

either of identification or elimination.  

Elimination This occurs when the class and/or individual characteristics of the 

mark and the suspect tool are different. However caution is necessary with individual 

characteristics since no two marks are ever identical.  

Identification This occurs when the class characteristics of the mark and the tool 

are the same and the individual characteristics show no significant differences and 

are sufficient for a comparison to be made. Note that small differences will be detected 

even between successive marks made by the same tool. It is a matter of subjective 

judgment based upon experience whether the differences are less than would be 

expected if different tools made the marks. 

Suggested Questions: 

 What are tool marks? Discuss various types of tool marks with 

examples? 

 What is an indented and striated toolmark? How do they differ? What 

types of actions produce them?  
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 On what types of surfaces might you expect to find indented tool marks 

and Striated tool marks?  

 Why are the markings on bullets and cartridge cases considered tool 

marks?  

 What principles should be followed in documenting and collecting tool 

mark evidence? Are there actions, which should be avoided in this 

process?  

 What properties are used in the laboratory for comparing tool marks? 

What types of information can be obtained from these comparisons?  

References and Suggested Books: 

 Biasotti, A. A.: "The Principles of Evidence Evaluation as Applied to 

Firearm and Toolmark Identification," Journal of Forensic Sciences, vol. 

9, p. 428, 1964.  

 Conrad, E.: "Landmarks and Hallmarks in Scientific Evidence," in C. 

Hormachea (ed.), Sourcebook in Criminalistics, Reston, Reston, Va, 1974. 

 Davis, J.: Toolmarks, Firearms and the Striagraph, Charles C Thomas, 

Springfield, Ill., 1958.  

 Deforest, Gansellen & Lee: Introduction to Criminalistics. 

 James, S.H. and Nordby, J.J. (2003): Forensic Science: An introduction 

to scientific and investigative techniques CRC Press, U.S.A. 

 Kirk, P. L., and L. W. Bradford: The Crime Laboratory, Organization and 

Operation, Charles C Thomas, Springfield, Ill., 1965. 

 0' Hara & Osterburg: Introduction to Crimina1istics, 1949, the 

MacMillan CO., 1964. 
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TRACK MARKS-I 

OVERVIEW : 

 INTRODUCTION 

 NATURE 

 FOOTPRINTS 

 FOOTWEAR MARKS 

 TYRE MARKS 

 EXTRANEOUS MATTER 

 COLLECTION AND PRESERVATION OF TRACK MARKS 

 FOOTPRINTS ON FLOORS 

 FOOTWEAR AND TYRE MARKS 

 PRESERVATION OF FOOTWEAR EVIDENCE  

 PHOTOGRAPHING TRACK IMPRESSIONS 

 CASTING PROCEDURES FOR TRACK MARKS  

 PRESERVATION OF TWO DIMENSIONAL FOOTPRINTS  

 TAKING COMPARISON FOOTPRINTS FROM A SUSPECT  

 SUGGESTED QUESTIONS 

 REFERENCES AND SUGGESTED BOOKS 

 

INTRODUCTION 

Tracking is one of the oldest sciences known to man. Before the development of 

agriculture, hunting was major occupation of the primitive man and was the main 

source of supplying him food and clothing. The men of these ages had to learn to 

recognize and distinguish between the tracks left by the various types of animals. He 

had learnt to distinguish the track made by the dangerous animals from the track 

made by other animals, which were likely to fall an easy prey to his crude weapons 

and provide him with food. His existence depended on the ability to master the 

science of tracking. This science of tracking has been kept alive by ‘Shikaris’ and 

professional trackers in remote regions of various countries of the world – Murras of 

Saudi Arabia; Bedouins of Egypt and nearer home by the Khojis of Rajasthan, Gujarat, 

Punjab and some parts of neighboring Pakistan. The Khojis, a group of untrained and 

illiterate tribal people is known for their skill in tracking down criminals. Though they 

may have difficulty in explaining their methods, but have a high degree of skill in 

observing, tracking and comparing the criminals even from the partial footprints by 

observing the presence of an additional toe, absence of any toe, scars or wrinkle 

pattern and other peculiarities such as tissue growth on foot also given an extra 
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advantage for the identification of an individual. The police in tracking down the 

criminals employ a few of these professional trackers. There are numerous stories of 

the incredible feats performed by these professional trackers.  

An expert Khoji is capable to say from track of the person whether it is of man or 

woman, whether he is young or old and has any deformity or not? 

Despite advancement in the scientific aids in the investigation of crime, the older 

techniques of tracking by Khojis are still capable enough to produce good results.  

NATURE : 

Track marks are varied in nature; naked footprints, footwear marks, paw marks, tyre 

marks, dragline of a load; impression of a stick or pugmarks of a beast are also 

included in track evidence. Individual marks and their collective patterns are both 

useful in the identification of individuals.  

A mark may be a print or an impression. A mark having two dimensions like length 

and breadth is called print, while a mark with three dimensions length, breadth and 

height or depth, is an impression. The terms ‘print’ (which is usually found on hard 

surface) and impression (which is mostly found in comparatively soft surface) have 

been used erratically in literature, so the term ‘marks' includes both prints and 

impressions.  

Objects smeared with powders and liquids leave prints on various surfaces. Thus, a foot 

or footwear smeared with either dust, ink, oil or blood etc. leaves print. Prints can also be 

found on oiled, waxed or dusty surfaces without being smeared.  

Foot and footwear impressions can also be found on surfaces like soft clay, mud and snow 

etc. 

Principles and methods for the evaluation of all types of marks are alike, though 

procedure for collection differs for prints and impressions. The following types of the 

track marks are significant forensically:  

FOOTPRINTS  

The footprints are generally found in almost at every crime scene as none can tread on 

the ground without leaving foot or footwear prints/impressions (collectively termed as 

marks). These marks are mostly found at the following points: 

 At the point of entry, 

 At the scene where crime took place. In homicide and/or rapes where the 

struggle or fight has taken place. 

  The route through the crime scene. This may or may not be apparent. 

 At the point of exit. It can some times be harder to find than at the point of 

entry. 

Footprints are particularly helpful in personal identification of the suspect because 

each footprint is unique. Careful scientific examination of these footprints yields 

information, which aids in linking the suspect with the crime scene or conclusively 

demonstrates that the suspect was present at the scene of the crime.  
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Footprints also give indications about the number of individuals present at the scene 

of crime. They may also indicate whether struggle has taken place or not, about the 

routes taken by the culprit, their assembly points, their conference site, their hiding 

places etc.  

Still some percentage of people in India including majority of the criminals in rural 

areas, usually move around bare-footed. The naked footmarks are, therefore, 

frequently found at and around the scene of crime. But, it has been found that due to 

following reasons the positive and definite identity of the footmark could not be 

established in many cases:  

 Either the footmarks are incomplete or  

 The marks do not carry ridge details or 

 The marks have only few individualizing characteristics or 

 The specimen marks are carelessly lifted.  

Or the investigator overlooks these marks and valuable information is lost, this might 

have happened due to number of reasons like: 

 Incomplete searching 

 Entry and Exit points of crime scene are not known 

 Arrived at the scene after the area has been walked all over, or 

 Weather may not be conducive to record permanently. 

It is well established that every body part including feet are in proportion to the total 

body height. Thus, the foot measurements can be useful to find approximate height of 

the person.    

FOOTWEAR MARKS : 

Footwear marks include the marks of shoes, sandals and chappals. The footwear can 

be factory-made or handmade. It is made up of leather, rubber (natural or synthetic) 

or plastics. Cloth is used in canvas shoes.  

In some parts of India shoes are also made from strings alone. The persons especially 

in rural areas wear hand-made leather shoes.  

The soles of a pair of shoes may be stitched, nailed or pasted with the upper leather. 

Ordinarily this stitching and nails are used in combination. The adhesive are 

increasingly used.  
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                         Fig-1      INKED FOOT PRINT SHOWING VARIOUS PARTS 

  

The footwear evidence suffers from one great drawback. If the culprit is not taken in 

custody soon after the commission of crime and continues to wear the shoes, the 

additional wear and tear will change the original surface pattern and identification of 

the marks may not be possible with respect to shoes. The time after which the marks 

become unidentifiable cannot be given. It varies or deteriorates with the extent of use 

or misuse, nature of the sole material and the territory in which it is used. 

It is always advisable to get the footwear marks compared even when it is recovered 

after a considerable interval of time.  

On the other hand, footwear marks are identified with respect to the footwear in about 

eighty percent cases. The belief of the judiciary, the bar and the investigating officer 

that the naked footmarks are more valuable than the footwear marks is, therefore, not 

correct. The forensic importance of the footmark, if identified accurately, is, of course, 

greater because it links the culprit directly with the crime. In case of footwear marks, 

it is necessary to establish that the culprit owned and wore the particular shoe at the 

material time as the footwear mark identifies the footwear and not the wearer. Other 

evidence must establish the latter. 

TYRE MARKS: 

In crime cases motor vehicles are very frequently involved for coming at and going 

away from the crime scene after commission of crime. The tyre marks left by the 

vehicles used can be valuable evidence in narrowing down the type of vehicle involved 
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and the route adopted before and after the commission of crime. The tyre marks are 

also like footprint is either two-dimensional prints or three-dimensional impressions 

depending upon the surface on which they are present. 

EXTRANEOUS MATTER 

Footwear sometime also picks up secondary evidences like dust, dirt, paint and other 

materials from the places through which the wearer passes. The study of these traces 

or secondary evidences proves useful in cases where the places visited have 

characteristic soil or dust. For example, the shoe will pick up flour in a flourmill, coal 

from a colliery, dye from a dye factory, and fibers from a cloth mill and so on. Even 

the soils from different places give significant variations when chemically analyzed in 

the forensic science laboratory. 

COLLECTION AND PRESERVATION OF TRACK MARKS: 

After carefully observing the track marks at most probable locations (mostly at the 

point of entry, crime scene and at the point of exit or away from the scene), it is most 

important to collect and preserve the track marks (Which include foot print, footwear 

marks and tyre marks). Depending upon the marks whether they are two or three-

dimensional, proper technique is required to be adopted. 

FOOTPRINTS ON FLOORS :  

Footprints are often present in the vacinity of building where crime has occured, 

especially on hard surfaces such as floors, glass, counter tops, desktops, and chair 

seats etc. A simple procedure to locate these indoor prints is by means of a high-

intensity light at a low angle. Often these prints (two dimensions) are dust prints and 

very easily destroyed (Fig-2). Once detected, every care must be taken to preserve it.  

FOOTWEAR AND TYRE MARKS :  

Although great emphasis has been given to the footprints, much of what follows 

concerning collecting and preservation this type of evidence applies equally well to 

tyre marks evidence.  

Foot impressions (three dimensions) are generally found outside the crime scene i.e. 

at the point of entry or exit; the first precautionary measure is therefore to protect the 

impression from alteration or destruction, preferably by covering it with a box or 

cordoning off the whole area. Impressions in thawing snow are especially difficult, so a 

box covered with snow to prevent thawing should protect them. If a foot impression is 

in such a position that it is possible for it to gradually fill up or be damaged by 

running water, it must be surrounded by a wall of earth, sand, or snow; alternatively, 

a hole may be dug close to the impression and the water drained toward the hole. 

However, these protective measures are only stopgaps and the actual preservation 

should be undertaken as soon as possible. 
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Fig- 2  Showing Photographs of Foot wear Marks with and without scale 

 

PRESERVATION OF FOOTWEAR EVIDENCE  

Footwear evidence could be preserved either by taking photographs or by preparing 

casts (three dimensional) depending upon the surface on which they are present or, by 

lifting, in case of two dimensional dust prints. 

PHOTOGRAPHING TRACK IMPRESSIONS :  

In all the cases before attempting to collect the track marks, it is mandatory to record 

them first with the help of notes, sketches and then with photography. Photographs 

need to be taken both at a distance from the track marks and close to it.  
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In distance photograph the location of the number of track marks should be fixed 

with respect to some fixed objects or landmarks. Then to record every detail of the 

track marks, close-up photographs should be taken by putting either one or 

preferably two scales (one horizontal and other vertical) along with the track marks. 

Close-up photos should indicate size, shape, and any irregularities. While taking 

photographs or to avoid distortion, the following precautions should be taken: 

 The lens of the camera should be kept parallel to the track marks. 

 Proper arrangement should be made to get greater depth of field and all the 

important point should be in sharp focus.   

 Identification marks should be put along with the track marks. 

 Proper lighting arrangement should be made. 

 A tripod is suggested for most close-up photography. 

Although large format cameras, e.g., 4- x 5- or 2-inch formats, allow for larger 

negatives, but 35 mm cameras have become more widely used for crime scene work 

and produce good acceptable results. The quality of photographic films should be very 

good. Footwear and tyre impressions require film that can capture fine details; 

therefore, fine-grained films are best suited for this purpose; prints should be 

photographed either with Black-and-white or color photographs. High-resolution 

digital cameras can also provide good results for impression examination.  

Before photographing, any material that may have fallen into the impression after it 

was formed should be cleaned away with the help of tweezers. If it is not possible to 

carry out this cleaning without disturbing the details of the impression, it should be 

omitted. Materials trampled into the impression, such as leaves or grass, should not 

be removed because they form part of the impression and no details will be found 

under them. Careless removal of a trampled blade of grass can destroy large parts of 

the impression. If a foot impression has been made in snow, it may be difficult to get a 

clear picture of it. Hard snow may be dusted with aluminium powder, which gives a 

clearer picture.  

Casting footwear impressions is generally done with dental stone. Other materials 

include paraffin, sulfur, and silicone rubber, which are less frequently used.  

CASTING PROCEDURES FOR TRACK MARKS :  

When three dimensional track marks such as a footprint or tyre track is encountered, 

a positive cast of it should be made. Several types of casting materials are 

commercially available like plaster of paris and dental stone (which are a type of 

gypsum or calcium sulfate) etc. But plaster of paris is one of the most commonly 

preferred casting materials because it is inexpensive; easy to use and good to record 

the details of the marks exactly. Another advantage of plaster of paris is that it 

solidifies very quickly.  

Detailed steps involved in the procedure for making cast with the most common 

casting material plaster of paris (Photo 1-5) are as follows:  
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 After photography of the track marks with and without a scale present, 

examine the area containing track marks carefully. Any precautions thought 

necessary to protect the integrity of the track marks should be taken.  

 Foreign matters or loose pieces or leaves (if any) should be vigilantly removed 

without disturbing the surface of the mark. Any accumulated water or liquid 

should be removed with a pipette or plastic syringe.  

 The impression is prepared for casting, if necessary. Particularly, when three-

dimensional impression is in loose, dry sand or soil, the surface must be 

prepared by spraying shellac or lacquer onto a cardboard deflector held above 

the mark at a 450 angle so the sprayed liquid falls onto the pattern surface by 

gravity, rather than being propelled by a potentially disruptive jet of gas. The 

shellac or lacquer will harden the surface of the mark by binding the loose 

particles of soil, once it has dried, making it suitable for casting. If the pattern 

is in very dry, firm dirt, it should be sprayed with light oil. 

 A physical barrier to restrict the flow of the plaster must be set up around the 

impression. Commercially manufactured metal frames are available for this 

purpose, but any material (cardboard, wood strips, metal frame) that will retain 

plaster and confine it to the immediate area of the mark will suffice. A little 

ingenuity with commonly available materials will solve most containment 

problems (Photo-1).  

 Mixing bowl (plastic or metal) should be used for mixing the plaster. Plaster of 

paris should not be lumpy, only homogeneous powder should be used for the 

preparation of casting solution (Photo-2).  

 An amount of water sufficient for the area to be cast is placed in the mixing 

bowl. Plaster is slowly added to the water with constant, gentle stirring until 

the mixture has the consistency of pancake batter.  

 The plaster mixture is then poured into the impression by holding the bowl 

close to the mark and deflecting the pouring liquid off a spatula just before it 

reaches the surface of the mark. It should be poured continuously around the 

area of the impression until it reaches to the depth of the impression.   

 Wires or screen or twigs are placed on top of the poured plaster as a 

reinforcement device. The pour is now continued until the cast is 1 inch 

thick.  

 Allow the cast to dry for about 10-20 minutes, the identification data are 

scratched into the top of the cast for its identification. Allow the cast to dry 

completely. When the cast is completely dry, it can be removed from the 

impression of the track mark.  

 The cast be washed in running water to clean soil or debris clinging to the cast. 

No attempt should be made to clean the cast with force because the valuable 

details can be disturbed.  
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 The finished cast should be wrapped in paper or other cushioning material, 

placed in a firm container, and sent to the laboratory for examination (Photo-6).  

Dental stone (is a type of gypsum or calcium sulfate) can also be used to cast shoe 

and tyre impressions. Dental stone is superior then plaster of Paris for casting 

impressions in snow.  

 
  

   Photo-1 Showing containers and Frame used for Preparation of caste 

 

 

Photo-2 Showing sunken foot print 

 



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-5 
 

18 

 

Photo-3 Showing frame placed around the foot print 

 

 

Photo-4 showing casting procedure 

 

Photo-5 Showing completion of foot print cast 
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Photo-6 

Photo-1-6 showing various stages in the preparation of caste of foot or footwear 

impression 

 

PRESERVATION OF TWO DIMENSIONAL FOOTPRINTS  

Photography is always one of the best means to preserve the footprints particularly 

the two dimensional dust prints. After this, one of the following methods should be 

applied to preserve it by making caste (Fig 1):  

 Recovering and preserving the object on which the footprint is 

made. Footprints are often found on objects stepped on by the criminal while 

entering in the dark through a window. If the window is broken, then all 

fragments of glass should be examined. This type of print is usually best 

detected by allowing illumination from one side at low-angle. Rubber heels and 

soles leave especially good prints on glass. Detailed prints are also found on 

paper or cardboard that may be scattered about the room during a safe 

burglary. All such loose objects bearing prints should be carefully preserved 

and sent to the laboratory for examination.  

 Electro-static lifting 

 Readymade kits are available to lift dust print with electrostatic lifters, which 

pick up dust prints onto Mylar-coated foil by means of static electricity. This 

procedure has applications in certain situations in which suspects walked on 

tile/hard floors.  

 A special lifter is preferred whenever dust or a dust-like substance holds the 

print from the shoe (smeared foot/footwear marks). The lifter is a sheet of black 

rubber with a slightly sticky surface that is pressed against the print, picking 

up a replica of the whole print. Oblique light photography under laboratory 

conditions brings out this dust print to a contrast often better than that 
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observed in the original print. If a sufficiently large fingerprint lifter is available, 

it may be used instead of the special lifter. Care must be taken not to stretch 

the rubber lifter because the dust image may become distorted.  

 Lifting by photographic paper 

 This technique may be employed when special lifters are not available. Black 

(exposed, developed, fixed, and washed) or white (fixed and washed) 

photography paper is used, as determined by the color of the material in the 

print. The paper is dampened with water or dilute ammonia, laid emulsion side 

down over the print, and beaten against the print with a stiff brush or clapped 

with the palm. When the whole surface has been thoroughly beaten, the paper 

is removed and laid out to dry.  

TAKING COMPARISON FOOTPRINTS FROM A SUSPECT :  

When the original prints are from footwear mark, the examiner ink the shoes ask the 

subject then carefully step onto a sheet of tracing paper or acetate sheet. While, in 

taking prints of bare feet, the feet are blackened by pressing them against a thin layer 

of printing ink. In order to get a true picture of the formation of the sole of the foot in 

different positions, four different prints are taken: normal standing position, standing 

position with pressure against the outside of the foot and with pressure against the 

inside, and finally when walking. This also applies to stocking feet.  

Another method for obtaining known footwear exemplars is by using talcum powder 

and black carbon paper. A thin coating of talc is spread on a sheet of newspaper 

placed with talc side up on top of about 10 sheets of newspaper that act as a 

cushion. Then the suspect is made to walk over the newspaper containing talc with 

shoes. The talc-covered shoe is then impressed onto the carbon paper. The carbon 

paper is similarly cushioned with about 10 sheets of newspaper. The resulting print is 

photographed using high-contrast copy film. The developed negative will show a 

positive reproduction of the impression that can be superimposed over a negative from 

the crime scene.  

Suggested Questions 

 What is the Forensic significance of Track marks? 

 Discuss in detail about the track marks and how they are useful in crime 

investigation? 

 Discuss most probable location of Foot or footwear marks? 

 How do you collect Foot or footwear print and impression? 

 How do you prepare cast of the Foot or footwear or tyre impression, mention 

about the different materials used?  

 Discuss method for collecting dust prints. 

References and Suggested Books 
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 TRACK MARKS-II 

 

OVERVIEW: 

 EVALUATION OF TRACK MARKS 

 PROBLEMS 

 COMPARISON OF FOOTPRINTS  

 TIRE MARKS COMPARISON 

 GAIT PATTERN  

 SUGGESTED QUESTIONS 

 REFERENCES AND SUGGESTED BOOKS 

 

EVALUATION OF TRACK MARKS : 

Every track mark (may be foot print or footwear or tyre marks) is unique and can’t be 

duplicated. These marks after proper collection and preservation are sent to 

laboratory for their identification. Examination of these marks is conducted to answer 

the following questions: 

 Whether the track mark is made by foot or footwear or tyre ? 

 Whether the footwear mark belongs to shoe, which have been recovered from 

the accused ? 

 Whether the person who left track marks was running, walking or standing ? 

 Whether the footmark comes from the accused ?  

 Can the footwear mark (recovered from the scene) be linked to the suspect? 

 Whether the wearer of the given footwear passed through the suspected area?  

 To which species of the animal the hoof or paw marks belong ? Are they from 

the suspected animal ?  

 Whether the marks are tyre marks? 

 If yes, which type of vehicle? Can the track be identified in respect of given 

vehicle or tyre ?  

 Can the speed of the vehicle be determined from the given skid marks?  

The examination at the laboratory usually consists of a two step comparison. In the 

first stage only class characteristics like size, width, and general pattern design of the 

imprint found at the scene of a crime (marked as Q1) are compared with those of a 

specimen (made by an expert in the laboratory) marked as S1. If all of these found 

matched, then the marks/patterns are compared for individual characteristics like 

flaws (including wear and tear), repair and irregularities (their location, shape and 
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size) etc. If all of these individual characteristics match perfectly, then only a positive 

opinion can be offered.  

The above said procedure is adopted to examine the foot, foot wears and tyre marks 

separately. 

EVALUATION OF FOOT PRINT : 

The foot print reaches forensic science Laboratory either in the form of print (two 

dimensional) or in the form of casts (three dimensional).The following important 

dimensions of both questioned (marked as Q1) and specimens (marked as S1) are 

measured for comparison: 

 Foot Length 

 Foot Breadth 

 Arch Height 

Foot Length : 

It is measured as a straight distance between the two tangents that are drawn to the 

tip of the foot print and the most backward point of the heel (Fig-2). 

Foot Breadth : 

It is measured as straight distance between the most lateral and medially placed point 

taken at right angle to the length where the breadth of the print is found to be 

maximum (Fig-3). 

Arch Height : 

A tangent line is drawn to medial margin of the heel and the ball of the foot. The arch 

height is measured as a straight distance between the innermost point on the inner 

margin of instep and this tangent line (Fig-4). 

Other measurements like the distance between the starting and closing point of the 

arch are also useful in the examination of foot prints. 

Besides dimensions, the following also play an important role in the examination of 

foot prints: 

MARGINS : 

Margins of foot prints are distinctive for the foot print and consist of the outline of the 

inner and outer boundary of the foot including the heel. The inner and outer margin 

can be either straight or curved inward or outward or irregular (fig-1). Margins clearly 

demonstrate any deformity present (if any) and the shape of the heel either oval or 

round. or having irregular outer margin. The curvature of the heel is also one of the 

important characteristic for comparison of foot print. 

TOE MARKS : 

Toe marks may also act as important characteristics for comparison, if they are 

properly printed (Fig-1-4). Their shape, size and their arrangement with respect to 

each other vary significantly. Riding toes, short and long toes, extra toe or missing 

toe, partially or fully cut toe and damaged toe or any other abnormality offer very 

useful characteristics for comparison.  
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TOE OR BALL LINE : 

The line formed by the toes at their junction with the sole is called Toe or ball line (Fig-

1) and is often characteristic of any foot. It may be straight, curved or buldging. It may 

have one or more humps or may be irregular. Toe line (also known as zanjiri in 

trackers language in India) is one of the valuable identification features (Fig-1). 

CREASE MARKS : 

These marks are mostly found in the sole of the foot. Whenever the creases are found 

in the foot print or impression, their presence, position, sizes and shapes play very 

important role in the positive identification of the marks. 

EVALUATION OF FOOTWEAR MARKS : 

A footwear mark may be an impression or a print (dust print). Foot impressions occur 

when the foot treads in some soft surface or moldable material such as earth, sand, 

clay, snow, etc. Footwear marks are formed on a hard surface when the foot or the 

sole along with the heel of a shoe are contaminated with either of the foreign matters 

such as road dirt, dust, flour, blood, or moisture. Footprints can also be latent 

particularly when naked or stocking-covered feet on a smooth surface have formed 

them.  

Footwear impression evidence and information from the gait pattern may indicate that 

the person was walking or running, had sustained an injury or walked with a limp, or 

was possib1y intoxicated, had a tendency to walk toe- in or toe-out, or was carrying a 

heavy object.  

With respect to footwear print or impression, the investigator should not overlook soil 

or any other smeared evidence that might later be discovered on the suspect's shoes. 

The identification of footwear mark is possible even when it is incomplete because it 

carries sufficient number of identifying features. The heel is also very important 

because it carries the maximum crucial details. It is also impressed with force, so the 

heel marks alone can be used to identify the shoe that made the marks. 

The following individual characteristics can be used in the identification of footwear 

marks : 

WEAR PATTERNS : 

With the continuous use of the foot wear, some wear and tear marks develop at a 

particular location. The location of wear and tear of shoe depends upon the walking 

style of the user and the extent of its use or misuse and the type of land on which it is 

used. The quality of the material of the sole and the craftsmanship of the shoemaker 

also plays important role in the formation of wear and tear marks. No two persons can 

have the same walking habits, nor do they walk on the same or similar land. It is also 

not possible to make two shoes exactly alike. Therefore, the wear patterns of each pair 

of shoe (even of the inter-changeable type) are expected to be dissimilar. 
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Fig.-2 Measurement of Footprint Length 
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Fig.-3 Measurement of Footprint Breadth 
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Fig.-4 Measurement of Footprint Arch Height 

 

The wearing patterns of every individual’s pair of shoes are always found to be 

different. The wear and tear of the sole, heal, from the wear pattern, It is 

characteristic and proves useful in positive identification of the mark.  

REPAIR MARKS 

If the sole of a shoe has been repaired, individuality is conferred on the shoe. During 

repair, the patches, the stitches and the nails are very frequently used, which will 
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never be duplicated even in the same pair of shoe repaired at the same time by the 

same person. They can’t have exactly the same location, numbers and size of nails, 

stitches and patches form. 

Similarly in hand made shoes, the craftsmanship is absolutely individual. The 

position of the patches nails and stitches are always different in different shoes. 

It is also not possible to produce two soles exactly alike and stick or nail them in 

exactly the same positions even made in the factory. In addition, sole material will 

have some differences due to imperfect stamping and damage caused in the process. 

So, the factory made shoes also have individualities. But the differences are 

sometimes so minute that they are not visible in the questioned marks. 

The damage to a shoe, like cuts and cracks or missing portion of the sole also confers 

individuality on the sole. 

EXTRANEOUS MATTER 

Extraneous matter like a glass chip, a metal fragment, a stone piece, a nail, mud, 

paint or even cow dung may be adhering to the sole at the material time. Whenever 

any of the extraneous material found adhering to the shoe, it should be given proper 

importance and examined separately.  

HOOF MARKS 

Individualization of hoof marks is difficult. Often the nature of the animal alone can 

be given. Sometimes damage to the hoof or wear and tear of the iron of a shod may be 

useful in individualisation.  

TYRE MARKS COMPARISON : 

Similarly, like human and animal, the vehicle can’t ply without leaving tyre marks. 

The nature of the vehicle used in the commission of crime or coming to and going 

away from the scene can either be cycle, scooter, car, bus, truck, tractor, rickshaw, or 

a bullock cart etc. 

Tyre marks comparison is similar to footprints or shoe print comparison. When a 

questioned tyre track marked as Q1 is compared with a known tyre marks marked as 

S1, the class characteristics like width of tyre, land width, arrangement of number and 

shapes of lands, land and groove patterns and their location are first compared. If 

these characteristics are present in questioned track (Q1) and in specimen also, then 

the known tyre marks can be placed with the tyres of the same class (manufacturing 

company) which has made the questioned track. Then the individual Characteristics 

are required to be compared next and the following factors plays an important role in 

development of these individual characteristics :  

 The types of surfaces on which the vehicle usually plying.  

 The mechanical and physical conditions of the vehicle.  

 Inflation pressure. 

 The driver's driving habits.  

 The wear and tear markings, which develop with the passage of time, play a  

  valuable role in individualizing a suspected tyre marks.  
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If these individual characteristics are present at their correlated position in both 

questioned and specimen tyre marks then it can be easily concluded that both track 

marks are made by the same tyre of the vehicle. 

Accurate measurement of tyre tracks can yield information about the manufacturer 

and possibly the year of production and model of a suspected vehicle. There are three 

important parameters for such identifications: wheelbase, front track width, and rear 

track width. Wheelbase is the distance between the front and rear axles of a vehicle. 

The track width relates to the length of an axle and is defined as the distance between 

centerlines of tread imprints on the ground. Track measurements can result in 

identifying a suspect vehicle.  

GAIT PATTERN  

As already mentioned, the art of tracking through gait pattern is an ancient art of a 

particular tribe. Certain families from various parts of India and neighboring 

countries practice this art. These trackers are known as Khojis or Paggies. The police 

forces frequently utilize their services for tracking different types of criminals. Some of 

them have joined police service.  

The trackers are mostly uneducated or less educated persons. Nevertheless they have 

developed a unique sense for appreciation of peculiarities, on the basis of distances, 

direction, angles and pressures or any other peculiarities in foot, footwear and allied 

marks. They follow the tracks of individuals, animals, drag marks or even stick marks for 

miles together and ultimately guiding the police or search parties to the houses or hiding 

places or conference points of those who left the marks. If they observe the gait pattern of 

an individual at the scene of occurrence or at incoming and outgoing routes, they can 

successfully identify the individuals in identification parades, picking up the person from 

group of large number of persons of similar constitution by observing their gait patterns 

only.  

The trackers neither take any extensive measurements, nor do they prepare any notes. 

They just create the impression that they have an uncanny power to identify the culprits. 

Gait pattern has been scientifically studied. The individuality of the gait pattern can be 

established by studying the following parameters individually and collectively as well :  

 Direction line (DL)  

 Walk line (WL)  

 Foot line (FL)  

 Foot angle (FA)  

 Step angle (SA)  

 Step length (SL)  

 Width of step (SW)  
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                                                                    Gait Pattern 

In addition to the above, the following characteristics are also noted:  

 Dimensions of the mark.  

 Peculiarities in the marks.  

 Pressure points.  

 Any defect.  

There are enough evidences to believe that the trackers take most of the above factors 

into consideration to follow the track or to identify the individual.  

Suggested Questions: 

 How do you evaluate Foot or footwear or tyre marks? 

 Discuss the Class and individual characteristics of foot print. 

 Discuss the role of extraneous material adhered to the track marks in crime 

investigation?  

 Discuss the Class and individual characteristics of foot wear marks. 

 Discuss some of the precaution necessary for taking photographs of the track marks. 

 Discuss the Class and individual characteristics of tyre marks. 

References and Suggested Books: 
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GLASS 

                                                                            

Overview: 

 Introduction 

 Composition of Glass Collection of Glass Evidence 

 Laboratory Examination of Glass Evidence  

 Individualization of Glass  

 Physical Matches 

 Other Physical Features and Properties for Comparison 

 Comparisons Based On Differences in Composition 

 Nonoptical Physical Properties  

 The hardness  

 Density  

 Density-gradient method  

 Optical Physical Properties  

 Fluorescence Method 

 Refractive index (RI)  

 

INTRODUCTION  

Glass is one of the most important evidences and is encountered very frequently in a 

wide variety of crime cases. The following properties of glass make it forensically more 

significant:  

 Glass is very commonly found in and around our environment because of the 

very large number of different uses that have been found for it.  

 Glass is usually quite brittle and easily broken, producing fragments of different sizes 

and these fragments are always found around in the environment.  

 Glass fragments and particles are very commonly produced when it is broken 

intentionally or accidentally in the course of committing a criminal act.  

 Smaller glass particles can be transferred and will often adhere to items of 

clothing and sometimes in hair without being noticed.  

 Glass is quite stable and is not affected either by any environmental conditions 

or altered by a wide range of chemical or physical treatments. Unlike many 

types of biological evidence, for example, glass evidence does not undergo 

change or deterioration from the time it is deposited at the crime scene till it is 

collected and sent to laboratory for analysis.  
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 This is fact that glass is produced in a wide range of compositions and by 

different processes by different manufacturing companies which contributes 

significantly to enhance its value as physical evidence.  

 Besides the varied range of composition among different types of glass, there is often 

a range within a given type of glass as well. This compositional variation is uninten-

tional and arises because of uncontrolled differences in the composition of raw 

materials used to make the glass (Law of individuality) and because of errors in 

measuring the amounts and mixing of raw material used in making up the 

formulation. Batch-to-batch (interbatch) and intra batch variations in composition 

can also result from the contamination of the molten glass during the 

manufacturing process. Molten glass may, for example, dissolve some amount of 

materials from the walls of the vessel in which it is melted. Except for high-quality 

optical preparations; glasses are not homogeneous mixtures. As a result, articles 

made from the same batch of glass may leave slightly different compositions. Such 

intra batch variations can contribute significantly in enhancing the value of g1ass 

as evidence.  

 The latest technological up gradations in the manufacturing techniques have 

reduced the range of inter- and intra-batch variations to be expected in most 

kinds of glass. In addition, glass manufacturing has become concentrated in 

the hands of a relatively small number of large manufacturers in the last few 

years, contributing to the increased uniformity of modern glass.  

However, small but sometimes significant differences do always exist, even in modern 

glasses produced under conditions of stringent quality control. Intra-article 

differences can be troublesome in glass comparisons based upon differences in chem-

ical compositions. The reason for the problem is that matches between samples are 

meaningful only if the differences between different articles or batches are greater 

than those within them. Thus, the significance of a match based on chemical com-

position criteria may be reduced if there are significant differences in composition 

within the article. 

Composition of Glass: 

The glass can be defined as an “an inorganic product of fusion which has cooled to a 

rigid condition without crystallizing” or the term glass can be used to depict a range of 

materials of varying composition, most of them are synthetic. Glass is an interesting 

material with some unusual properties. Unlike most solids, glass is non-crystalline. It 

is sometimes referred to as a super cooled liquid. The major ingredient in most 

glasses is silicon dioxide (Si02). Pure, or nearly pure, silicon dioxide is crystalline and 

occurs in minerals such as quartz; which is present in common sand.  
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FIGURE  

A1      A2 

Showing  

(A1): Two-dimensional representation of a liquid or an amorphous solid.  

(A2): Two-dimensional representation of a crystalline substance.   

              (Deforest et.al., 1983) 

In quartz, the silicon and oxygen atoms are organized into a highly regular and 

uniform array or framework which is known as a crystal lattice. But in glasses, these 

atoms are irregularly spaced and randomly oriented. Schematic representations of the 

atomic arrangements for both crystalline and liquid (or amorphous) states are shown 

in Figure A1&A2. 

In the history of glass, soda-lime was the first type of synthetic glass and is still one of 

the most commonly used glass formulations. Other type of glasses of varying 

composition are also manufactured for special purposes e.g. the addition of significant 

quantities of lead oxide (PbO) to the raw material results in the production of glass 

which has a higher refractive index (or light-bending power). It adds sparkle to the 

articles made from it. So glasses containing relatively high percentages of lead oxide, 

which are used to make decorative articles such as stemware, which are commonly 

referred to as crystal or lead crystal. Other special types of glasses include various 

types of optical glass that are used in the manufacture of complex lenses. Optical 

glasses are among the most meticulously produced of all glass types. Various 

additives are used to provide each of these glasses with the desired optical properties. 

Other chemicals can also be added to modify properties of the glass. Normal glasses 

tend to fracture when heated or cooled rapidly (i.e. subjected to thermal shock). 

However, glasses containing borax (sodium tetra borate) are quite resistant to thermal 

shock. This type of formulations are used to manufacture laboratory glassware, such 

as flasks and beakers, and home kitchen utensils, such as baking dishes etc. Pyrex is 

one of the most common trade names for borosilicate glasses. The range of variation 

in composition of several commercially produced glasses can be appreciated from 

Table -1. Different types of glass articles can be formed by using various blowing, 

casting, molding, or rolling techniques. Aluminosilicate glasses contain high 
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percentage of Al2O3 have higher temperature service then borosilicate. The light 

sensitive eye lenses contain colloidal particles of silver halide. 

Table-1 

Average Percentage of Elemental Oxides in Various Glasses 

 

Glass 

usage 
Al2O3 CaO Fe2O3 MgO Na20 

Window  0.158 8.50 0.123 3.65 13.53 

Auto 

window  
0.15 8.10 0.555 3.93 12.90 

Headlamps  1.37 0.017 0.06 0.017 5.40 

Container  1.416 8.266 0.117 0.283 11.73 

 

Collection of Glass Evidence: 

After observing the crime scene carefully, the glass pieces present at the crime scene 

or with the suspect, it is required to be collected very carefully. The following points 

should be kept in mind while collecting glass samples: 

 The glass pieces (whether large or small) present at various sites of the crime 

scene should be collected separately by mentioning specific site from where 

collected. 

 If the pieces are large enough, then the possibilities of a reconstruction of the 

evidence or of a physical match need to be considered at the time of collection 

of evidence. 

 If the pieces of glass contain any secondary evidence like fingerprint or blood or 

any other body fluid or any other important evidence, then the investigator has 

to play very important role in deciding which one should be given priority 

during collection and necessary precautions should be taken accordingly. 

 Details of the collection procedure should be thoroughly documented before 

disturbing the evidences. If samples are to be taken from a broken window (at a point 

of entry or exit, for example), each of the pieces should be individually identified with 

a marking pen and photographed prior to collection. In addition, the notes and 

photographs should clearly show the exact orientation or location of each major piece 

and indicate directions (up, down, left, right, inside, and outside).  

 In case of smaller particles, the plastic vials can serve as suitable containers. 

Every vial should contain pieces of glass collected from a particular site only. 

 Larger pieces should be wrapped separately and securely in such a way that it 

prevents damage and secondary evidence (if any) during transportation to the 

laboratory.  

 Clothing and similar items suspected to contain traces of glass evidence are 

normally submitted to the laboratory without prior collection, but visual 

inspection and collection may be useful under certain circumstances.  
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 The control samples should also be collected from near by site wherever 

necessary. 

 The other trace-evidence collection techniques like sticky tape and vacuum 

collection may be desirable as backup procedures in other instances.  

It must be remembered that each case is unique in one way or other, so rigid rules for 

collection of evidence will not be appropriate. The investigator's judgment is the 

crucial factor in selecting the most suitable technique applicable to the unique 

aspects of the particular situation being investigated.  

Laboratory Examination of Glass Evidence  

As soon as glass evidences are received in the laboratory, the scientist has to decide 

whether the primary (glass) or secondary evidence to be analysed first.  

The first step in examination of a glass sample submitted to the laboratory is to 

perform a preliminary examination to make general observations about the sample. 

During this examination, the following characteristics of each sample are studied to 

exclude certain samples from further consideration: 

 Color of the glass 

 Design of the glass 

 Thickness of the glass 

 Surface/curvature of the glass etc. 

If the samples cannot be eliminated, the possibility of obtaining a physical match is 

considered. When reasonably large pieces of glass are present in both questioned and 

known samples, there is a fair chance to obtain a physical match. On the other hand, 

if one of these samples consists of small pieces, then a physical match may not be 

possible.  

Individualization of Glass  

After the preliminary examination, the following characteristics of glass should be 

studied to individualize the glass samples: 

1. Physical Matches     

Usually the glass breaks in a random fashion, resulting in the unique fracture sur-

faces, thus providing an ideal situation for physical matches. Individualization of a 

glass sample can be most definitive when a physical match between the questioned 

sample and a known specimen can be achieved. When reasonably large pieces of glass 

are found in both known and questioned samples, it is well worth considering the 

possibility of a physical match. If either the known or questioned fragments are quite 

small, then the possibility of a physical match diminishes significantly. With very 

large numbers of small particles to compare, the probability of obtaining a physical 

match is almost zero. In such a case, the comparison must be based on other criteria. 

Physical matching is the simplest but most important comparison method for 

establishing common origin with glass samples.  
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Fig-1 showing Rib and Hackle marks, these markings are 

Useful in determining the side of impact 

 

Making physical matches with glass samples is similar to physical matching with 

other types of evidences. The scientist has to simply bring properly identified 

questioned and known pieces into close juxtaposition and examine the contours of the 

corresponding edges. If the respective contours are similar, a jigsaw fit is carefully 

attempted. Such a fit can often provide conclusive evidence of common origin.  

The process of physical matching is often aided by a preliminary reconstruction. In 

order to obtain an exact fit, it is necessary to have more than simple two-dimensional 

correspondence of the edges of the fracture. A glass fracture surface is three-

dimensional, and the overall contours as well as the rib marks on the fracture 

surfaces must correspond with each other. In addition, the smaller marks on the 

fracture surface that run perpendicular to the rib marks must also agree. These 

smaller marks are referred to as hackle marks (Fig-1). A glass fracture, therefore, 

offers a considerable number of points for comparison, even in a fracture of limited 

size. As was noted above, the time to first consider the possibility of a physical match 

is when the samples are being collected.  

Side-I 

Side-II 
 

Impact 

Rib Marks 

Hackle Marks 
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              Fig-2 showing different types of cracks 

 

2. Other Physical Features and Properties for Comparison: 

If a physical match is not possible, then the comparison of other physical features can be 

very useful, especially in demonstrating that the samples originated from different source. 

Some of the characteristics are quite obvious. Thus, one could eliminate from further 

consideration the fragments of glass which are representative of the overall sample and 

which have grossly different surface textures. For example, a sample from a clear glass 

window would not be compared with a sample from a textured or frosted piece of glass. 

Similarly, a piece of wire-reinforced glass should not be compared with a known sample 

from a non-reinforced window. Similarly a piece of flat or plate glass can not be considered 

for further comparison with a curved piece, such as may have come from a bottle, jar, or 

other container.  

Physical Properties  

The following physical properties are also important in comparing the glass evidence:  

 The hardness  

 Density 

 Thickness 

The hardness   

Different scales have been suggested by the scientists to measure the hardness of 

materials. Geologists and mineralogists may use a different scale from that used by 

metallurgists. The Mohs scale (Fig-3) is most commonly used to compare the hardness 

of known and unknown minerals. The unknown is tested by comparing its "scratching 

power" with that of a series of known minerals of increasing hardness. The unknown 

sample's position in the series is assigned by determining whether or not it can be 

scratched by various minerals in the known series or by finding which one of it is 

Radial 

Crack 

Concentric 

Crack 

Second 

Impact 

First 

Impact 
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capable of scratching. It is placed below the lowest member, which is capable of 

scratching it, and above the highest member which it is capable ' of scratching. Most 

glass samples fall within a narrow range on this scale, and it is therefore not 

considered very useful scale for the forensic comparison of glass.  

 
                                                        Figure-3 

Showing The Mohs hardness Scale. This Mineralogical scale was devised by 

German mineralogist Friedrich Mohs in 1822 and is widely used today. 

 

Density  

The second significant physical property of glass in the forensic comparison is 

density. The density of any material can be defined as its mass per unit volume.  

                                         D = Mass / Volume 

Water has a density of 1 g/cm3 (at 4°C), whereas Glass is denser than water, which 

accounts for the fact that it sinks when placed in water. Although glass has a fairly 

broad density range, all glasses have densities of 2 or greater. In other words, if equal 

volumes of glass and water are weighed, the glass sample will be at least twice as 

heavy as the water. The densities of two smaller fragments of glass can be compared 

quite accurately by placing these fragments in tubes containing chemicals having a 

density gradient and it can be prepared as follows: 
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Density-gradient method  

Density-gradient method is most useful comparison technique. In this procedure, two 

long glass tube containing layers of liquids differing in density are prepared. The two 

liquids of different densities are mixed in different proportions to give a series of 

mixtures with densities in between those of either of pure liquids. The bottom layer of 

the density gradient is designed to have a density greater than that of glass, whereas 

the top layer is chosen to have a density less than that of glass. The intermediate 

layers have densities, which vary in uniform increments between the two extremes. 

The gradient tube prepared in this fashion is allowed to equilibrate for about 24 hours 

before use. During this equilibration time, the initially discrete layers begin to blend 

into one another to form a uniform gradient.  

When glass samples are placed in the tubes, each will settle to the level that 

corresponds to its own density. If the gradient is prepared in the appropriate density 

range and is quite sensitive, fairly subtle discriminations can be made by this method. 

Two of the most commonly used liquids for density-gradient work are bromoform 

(density = 2.890) and brombenzene (density = 1.499).  

Thickness 

Another useful feature of glass samples is thickness. If samples of glass from broken 

windows are submitted to the laboratory and fragments within the samples contain 

both of the original parallel plane surfaces, a measurement of thickness of the original 

pieces of glass can be made. If these measurements are made so accurately by using 

screw micrometers then it is often possible to exclude samples of otherwise very 

similar glass. However, it has to be kept in mind that the original sample of glass 

never has had a uniform thickness. Thus, it is necessary to obtain representative 

measurements, if possible, for both the known and questioned samples. Sheet glass 

may exhibit subtle compositional inhomogeneities which can be useful in making 

individualization.  

Some of the homogeneities appear as a pattern of parallel striations and are called 

ream markings, when visualized by certain optical or photographic methods. The 

patterns can be useful for reconstructions of glass articles particularly where the 

intervening pieces are missing.   

Additional features for making physical comparisons are markings on the surface of 

the glass or the presence of paint, putty, or other contaminants. Surface markings 

can be used to orient and position pieces in reconstructions. The adhering materials 

could be useful in two ways: (1) the pattern of the adhering matter may be helpful or 

(2) the material itself may be analyzed and compared. Paint and putty, for example, 

could be compared by various chemical methods.  

3. Glass Fracture Examination: 

Glass is at maximum strength under compression, but weak in tension. A forceful 

impact on a window pane causes it to bulge. Since the opposite side of the impact is 

stretched more, it ruptures first. The radial cracks (Fig-2) are rapidly propagated 
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away from the point of impact in short segments. If a window pane is firmly held on 

all the sides, an additional pattern of cracks will form in somewhat circular pattern 

around the point of impact. These are called concentric cracks (Fig-2) although they 

are usually in straight segment terminating at already formed radial cracks if any.  

These cracks can also provide very useful information about the sequence of impacts 

made on a particular glass pane. When two projectiles penetrate a pane, the sequence 

can be deduced from the fact that cracks caused by the second will terminate at any 

previously formed crack (Fig-2).  

After determining the point of impact, the ream marks can be utilized to determine the 

side of impact by using 3R formula (RRR), which states that Right angle of rib marks 

is formed on the reverse side of the impact in case of radial crack. In Fig-1 the force 

is applied from side-I because the rib marks of radial cracks are forming right angle 

(almost) toward side-II. So the impact is from side-I. 

4. Comparisons Based On Differences in Composition: 

Glass is a chemically complex material and great variations exist in almost every 

manufacturer’s formulations. These subtle chemical differences in glass samples are 

often reflected in their physical properties. It is often easier to detect subtle differences 

in composition by making careful measurements of selected physical properties than 

by chemical analysis. This approach might appear to be an indirect one, but it can be 

better for two reasons: First, it is often very difficult to analyze trace chemical 

constituents with a high degree of quantitative accuracy. The range of error in the 

chemical measurements can exceed the range of variation in the samples being com-

pared. Second, physical-property measurements can be made with a very high degree 

of accuracy and reproducibility and can therefore be used to detect small differences.  

5. Optical Physical Properties  

a. Polarizing Microscopic Examination: 

Glass is identified as such by conchoidal fracture, amorphous structure, and its 

isotropism. These tests will try to sort out the confusing particles with glass. Plastic 

can be excluded by testing for indentation with a needle point. Cubic crystals such as 

table salt (also isotropic), can be identified by their shapes and solubility in water. All 

other minerals grains such as quartz or sand etc. can be identified by observing in 

polarizing light. Under the polarizing microscope, the particle (stage) or polarizer are 

rotated; glass and isotropic minerals remain dark, whereas other crystals (which are 

anisotropic) experience birefringence i.e. refract light in more then one direction and 

‘light up’ during rotation.  

b. Fluorescence Method 

Another method in which light can interact with matter is seen in the phenomenon of 

fluorescence. Fluorescence occurs when light of a shorter wavelength fall on the 

sample to produce light of a longer wavelength. In most of the cases, the shorter 

wavelength light falling on the sample is UV (wavelengths shorter than visible violet) 

produces the fluorescence and is called the exciting radiation; the light given off by the 
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sample is called the emitted radiation. The exciting radiation is in the UV range and 

the emitted light may be in the visible range, then it is fluorescence of glass. 

Fluorescence may be observed  

 Visually 

 Photographically  

 Instrumentally.  

For a visual study, the excitation source (normally a UV lamp) is directed to throw UV 

light on the sample, and the color of the emitted light is examined visually. 

Fluorescence can also be examined using a fluorescence microscope or with other 

instrument known as spectrophotofluorometer. It allows the optimum excitation and 

emission wavelengths to be measured. These are often characteristics of a particular 

substance. Mostly, simple visual fluorescence can be used for exclusion purpose. 

Float glass experience fluorescence property. Only one of the two plane surfaces of the 

original glass, which comes in contact with the molten tin, will fluoresce. Thus, if one 

finds a piece of glass which exhibits a visual fluorescence on only one side of the two 

plane surfaces, it is an indication that the sample belongs to float glass.  

c. Refractive index (RI)  

Refraction is the change in direction observed when light passes obliquely from one 

medium to another in which it travels with different velocity and glass is well known 

to observe this phenomenon. Most of us might have observed this effect in an uneven 

or curved piece of window glass while viewing image through it. The property of glass 

that is responsible for the amount of bending is called refractive index (RI) and is 

defined as the ratio of the wave’s velocity in vacuum (for practical purpose in air) to 

the wave’s velocity in transparent medium or as the ratio of sine of angle of incidence 

to the sine of angle of refraction 

                            

                     R.I   =     velocity in vacuum     =     sin i 

                                  Velocity in medium           sin r 

                                   

The bending of light by a sample of glass can be measured easily by many methods.  

When the sample is in the shape of a triangular prism, the amount of bending which 

takes place is a function of the shape of the prism. If identically shaped prisms are 

made from several different samples of glass, Fortunately, it is not necessary to shape 

a piece of glass into a prism to measure its RI, as this would be impossible in the case 

of the small particles encountered in forensic casework. Then another following 

method can be used to find RI: 

Immersion Method: 

This method works on the following principle: 

If a microscopic fragment or chip of glass is immersed in a liquid of the same RI, it will 

be nearly invisible when viewed under the microscope. The same effect can be 

observed on a macro scale by placing a glass rod in a liquid of the same RI (Figure 4). 
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This method is used in the forensic laboratory to measure and compare RIs (Refractive 

Indices) of small particles of glass. By taking advantage of this phenomenon, the 

unknown sample is placed in a liquid of known RI. Then a determination is made as 

to whether the RI of the unknown is above or below that of the liquid.  

If it is noted that the RI of the sample is above that of the liquid, then a liquid of 

higher-RI would be mixed with the original liquid to raise its refractive index. 

Alternatively, the sample could be removed and placed in another liquid of known but 

higher RI. In this way, the correct liquid or mixture can be found by trial and error. 

When the closest match is found, the sample will become almost invisible and the RI 

of the liquid will be equal to that of the glass. The RI of a liquid can be determined 

using an instrument known as Abbe’s refractometer.  

 

                    
FIGURE - 4 

Showing a glass rod partially immersed in a liquid of a similar refractive index. The 

same liquid and glass rod were used for each of the three photographs; only the 

illumination was varied. The more diffuse the illumination is, the more difficult it is to 

see the glass rod where it has been immersed 

For this, chips of questioned and known samples are placed side by side in the same 

liquid. Their relative appearances and behaviors are noted when the RI of the liquid is 

very close to that of one or both samples. The observation of the RI match between the 

two samples of glass and the liquid is made under the microscope. The RI of any 

sample is not the same for all wavelengths of visible light. The RI of glass samples 

(and of most substances) increases as the wavelength of light used decreases. The 

variation of RI with wavelength is given the name dispersion. The dispersions of 

different kinds of glasses can be significantly different. Dispersions can also vary 

within a particular type of glass. Because of dispersion, accurate RI measurements 

cannot be made with white light (which contains all the wavelengths), but must be 

made with light of a single wavelength (monochromatic light). Dispersion itself can be 

measured on small particles of glass and is also a useful parameter for comparing 
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glass samples. It is usually measured by determining the unknown's RI at three or 

four different wavelengths.  

Reconstruction with Glass Evidence:  

Useful information obtained from above examination of the fracture surfaces of glass. 

An understanding of the way in which glass fractures is required in order to 

reconstruct events from glass fracture patterns. The possibility of the fracture 

patterns being useful and important in a reconstruction should be kept in mind when 

searching a crime scene and documenting and collecting glass evidence.  

Suggested Questions : 

1. Give composition of glass. 

2. Discuss about the forensic importance of glass. 

3. How glass evidence is collected reached, transported and evaluated in 

  forensic cases?  

4. Give short note on : 

 (a) Hackle marks 

 (b) Radial Cracks 

 (c) Concentric Cracks 

 (d) 3R Formula 
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COSMETICS 

 

OVERVIEW : 

 Forensic Importance 

 History of lipsticks 

 Composition of lipsticks 

 Lipstick  

 Glosses  

 Liners  

 Collection and Evaluation of Cosmetics Samples 

 Preliminary Examination 

 Extraction of samples  

 Thin Layer Chromatographic Analysis of Lip Cosmetics  

 Preparation of TLC Plates  

 Saturation of Solvent Chamber  

 Spotting and developing of TLC plate  

 Visualization of TLC plates  

 Calculation of Rf and HRf values  

 Summary and Conclusions 

 

FORENSIC IMPORTANCE: 

Forensic science laboratories receive many requests for the examination of evidences 

such as lip cosmetics or its stains in many crime cases like rape, sexual assaults, 

murder and robberies etc. Therefore, it becomes necessary in forensic casework to 

analyze small amounts/traces of lip cosmetics or its stains. Many of women related 

crimes involve direct contact between the assailant and a female victim. Identifying 

and comparing these evidences can establish a link between suspect, victim and the 

crime scene.   

Cosmetic industry in India is growing very fast, besides the traditional cosmetic items 

such as sindoor, kajal, and kum kum , other items like lipsticks, nail polish, bindi, 

rouge, face powder, mascara etc are also among the most commonly used cosmetics. 

A large number of brands of these cosmetic products are available in the market. 

Among these cosmetic items, women are very frequently using various types of 

lipsticks (Conventional, liquid and shimmering), but recently lip liner and lip-gloss 

have also become very popular. Lipsticks are generally made up of wax, oil, dyes and 

pigments. Solid Cake lipstick is a conventional type of lipsticks and still used very 
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frequently but now a day these are also available in liquid forms called liquid lipsticks. 

It is observed that for the last few years, a new type of lipstick called shimmering 

lipsticks is also available in the market. Along with these lipsticks some other lip 

cosmetics like lip liners and lip-gloss have also been introduced in the market 

recently, (Williams and Schmidt 1992). 

Stains/smears of lip cosmetics are usually encountered in crime cases due to their 

routine use and easy availability. This cosmetic product is found as physical evidence 

in many crime cases such as rape and murder etc. According to Locard's principle of 

mutual exchange, every contact leaves its trace. Transfer of these types of cosmetic 

product is possible and consequently the clothing or body of the suspect may bear 

smeared traces of lip cosmetics. These smears/stains may also be found on cups, 

glasses, cigarette butts beddings etc. If these stains are analyzed properly, they can 

provide a significant link between suspect, victim and crime scene. Forensic scientists 

use chromatographic and other types of instrumental techniques to analyze these 

types of evidences left at the crime scene.  

Great care and minimum damage should be done to stains found in traces at the 

scene. Therefore a quick and sensitive method of analysis has to be adopted which is 

capable of analyzing very minute quantities even the traces of the materials. Various 

techniques such as Gas liquid chromatography, high performance liquid 

chromatography and ion-pair reversed-phase high-performance liquid 

chromatography have been applied by various scientists to analyze cosmetics stains. 

TLC still continues to be most widely used technique as it is rapid, sensitive and easy 

to use. TLC has been successfully applied to separate conventional, liquid, 

shimmering and newly introduced lip cosmetics like lip liners and lip gloss 

simultaneously.  

HISTORY OF LIPSTICKS: 

History shows that ancient Greeks colored their cheeks and lips with a root called 

'folders' similar to alkanet, while Egyptians used HENNA to paint their lips. Egyptians 

used a reddish purple dye called fucusalgin (0.01% Iodine and bromine mannite) for 

lip rouge but they did not know about this poisonous dye.  

Conventional lipsticks were made up of wax base of oil. It was made stiff enough to 

form a stick. Wax came into liquid use before world war II and they were made colored 

by using carmine which is the red dye extracted from Cochineal (dried insects of 

species Coccus cacti). This wax was insoluble in water and used as a pigment in 

conventional lipsticks. It produced much less intense colour than the red pigment was 

used. Lipsticks contain a liquid range of ammonia and carmine, which impart a 

beautiful cherry colour. While the conventional dry greasy rouge were made of 

carmine solution and eosin with pumice chalk and gum Arabic. Zinc oxide was 

sometime used in combination with carmine to give bright red colours. Adding a small 

amount of water soluble dye to the carmine made 'indelible' lipsticks and it was 

applied to remoistened lips so that dye stains the lips.  
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A changeable lipstick is which is orange in colour but when applied stains the lips red. 

They were first made by dissolving eosin in stearic acid and melting with waxes and 

alcohol. In these lipsticks, gelatin, glycerol and glycerol borate were used as bases.  

In 1940, a trend for light colors began. Light pink became fashionable. 1960 

extremely, pale limits were promoted and even demand for white lipsticks appeared. 

In recent years, a trend towards lustrous affect came into being. Oilier bases were 

used to produce a high lustrous on the lips. The most effective approach involved the 

use of reflective pigments, notably nacreous materials. Many modern lipsticks contain 

opaque white pigments. In these, lipsticks, high concentration of natural or artificial 

pearly pigments and less concentration of red or orange dyes were used to produce 

luminous or frosted effects. Reflective gold colored pigments have been introduced for 

new metallic affects. A lipstick in some shape or form has been around for a long time 

and has always been a part of the fashion, (Clements, 1955, De Navarre 1962).   

COMPOSITION OF LIPSTICKS: 

According to Williams and Schmidt, 1992, the Lip products can be classified into three 

main categories: -  

 Lipstick  

 Glosses  

 Liners  

LIPSTICKS:  

Lipsticks are mixtures of waxes, oils and pigments in varying ratio. The high wax, low 

oil high pigment formulation generally results in a along wearing product that 

sacrifices a varying degree of gloss and texture. Lipsticks are molded forms of a crayon 

and are dispersed from a swivel-up-case. Lip-glosses, in the majority are semi-solid 

and dispensed from a tube with a sponge type applicator. The majority of timers are 

sold in pencil form lipsticks.  

The basic components of various lipsticks are given below: -  

Candelilla wax:  

Candelilla wax serves two purposes in this formulation. Primarily; it is hard wax, 

which gives stick rigidity. Its high melting point aids the overall high temperature 

stability of the finished stick.   

Multiwax ML 445 (microcrystalline wax):  

It is used to give the stick structural integrity. It has high melting point, softer, and 

less brittle. This improves the overall tensile strength of the stick.  

Indopol H-IOO (Polybutene):  

Indopol is viscous semi-solid and is used to increase the gloss of sticks. It also serves 

to increase the viscosity of the oil phase.  

Eutanol and Satulan (Octyldecanol and hydrogenated lanolin):  

It is used to increase the slip and moisturizing feel on tips.  

Caster Oil: It is the backbone of most lipstick formulations. It's a pigment dispersing 

aid and imparts a suspect creamy moisturizing feel on the lips.  
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Pigments: The colour pigmentation ranges between 2-10%. Bismuth oxychloride and 

titanium-coated micas are used to impart a pearlescent look.  

Fragrance: It is often added at less than 1 % to improve the taste of product on lips.  

                                 

Table showing some lipstick compositions 

 

Trade Name  Manufacturer  % 

Indopol H-1 00  Amono 

chemical  

6.00 

Eutanol G  Henkel Inc.  7.50 

Candelilla wax  Strahl and 

Pitsch  

9.00 

Multiwax ML-445  Sonneborn  3.00 

Satulan  Croda  7.50 

Pigments phase   8.00 

Pearlescent pigments   6.00 

Castor Oil fragrance (if 

desired)  

 52.00 

Preservatives and 

antioxidants  

 1.00 

 

Lip Gloss:  

It consists of a mixture of waxes, oils and pigments. The oil to wax ratio is higher and 

the pigment level is lower.  

A typical lip-gloss formulation is as follows:  

Deodorized lanolin: It is an excellent pigment dispersant.  

Beeswax: It is used to build viscosity and lengthen the wear.  

Amerlate (Lanolin oil): It imparts excellent slip and moisturizing feel to the lips. 

Pigments: Pigments range from 0 to 5% in most lip-glosses.  

 

Table showing lip Glosses 

 

Trade Name  Manufacture % wt. 

Deodorized lanolin  Amerchol  44.4% 

Indopol H-IOO  Amoco  32.00 

Bees wax  Strahland  

Pitsch  

6.00 

Amerlate P  Amerchol  23.00 

D&CRed#7  W.CD  3.00 

D&CRed#27  Sun 

Chemical  

1.50 

Yellow iron oxides fragrance (to taste) W.CD  0.10 
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Lip Liners: They have high pigment coverage, to accent the line of the lip; lip liners 

are the mixture of waxes, oils, and pigments. The wax pigment level is elevated and 

the oil level lowered example of extruded bulk lip liner formulation:  

 

Table showing lip liners  

 

Trade Name  Manufacturer Wt% 

Japan wax  Robeco chern. 43.41 

S70XXH  Durkee foods 7.66 

EE Hard fat 

fleeces  

Swift and Co. 3.91 

Lanolin, 

anhydrous  

Croda 8.81 

Bentone 34  N.L. Indit 8.26 

D&CRed#27  W.C.D 8.00 

D&CRed#6  W.C.D 5.81 

D&C Red #7  W.C.D 3.07 

Titanium 

dioxide  

W.C.D 10.63 

Preservatives   0.44 

 

Cosmetics, particularly lipsticks, are easily transferred and found very regularly as 

evidence at crime scenes. Other cosmetics like Face powders and Chips of nail polish 

are also encountered in crime cases but their frequency is too less as compared to 

lipstick. Chips of nail polish can also be compared in much the same way as paint 

samples. Nail polishes are really a type of lacquer.  

COLLECTION AND EVALUATION OF COSMETICS SAMPLES: 

Lip and other cosmetics are usually encountered in crime cases in the form of either 

stains or smears due to their routine use. This cosmetic product is found as physical 

evidence in many crime cases related with woman such as rape and murder. Transfer 

of these types of cosmetic products onto the clothing or body of the suspect may bear 

smeared traces of lip cosmetics. These smears/stains may also be found on cups, 

glasses, cigarette butts, beddings etc. These stains are required to be collected 

properly either by 

 Cutting area of cloth containing stains or smears or  

 Making swab either from the body or wherever the stains are present. 

The samples should be collected separately from different sites along with the control 

samples from the near by site. 

If the cosmetic evidences are present on any other substrate then the scientist has to 

decide, whom should be given priority either substrate or cosmetic evidence. 

The control samples of conventional, liquid, shimmering lipsticks, lip liners and lip 

gloss are collected on a washed and dried properly cotton cloth piece. This cloth is cut 
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into small pieces of 3x3 cm. and lip cosmetic smears are rubbed on these pieces. 

Samples are also prepared on other objects like glass, skin and table etc. After 

preparing sample the dried cotton cloth pieces are stored in serially marked 

envelopes.  

After collection, the stains or smear of cosmetics, should be preserved properly by 

drying in the indirect sunlight in an air tight container or envelop. Proper precautions 

should be taken while packaging because the cosmetics are mostly mixed with saliva. 

Then the packages are sent to forensic science laboratory for evaluation of cosmetics 

and saliva along with the query list. 

PRELIMINARY EXAMINATION:  

During the preliminary examination, all the samples of lip cosmetics are observed 

under the strong daylight, short and long UV light.  

EXTRACTION OF SAMPLES  

The stained area from the cloth piece is cut and teased into individual fibers. The 

teased fibers and scrapings are transferred into serially marked glass test tubes. 

These samples are then mixed with extracting solution comprising of I ml solution of 

toluene and cyclohexane each. Each tube is then vigorously shaken for about 5-10 

minutes to remove whole stain from the cloth piece. Fibers are then taken out and 

extract is used for further examination with TLC.  

After their preliminary examination the samples are analysed with TLC to find out the 

best solvent system, which can separate all the lip cosmetics simultaneously on one 

TLC plate. 

THIN LAYER CHROMATOGRAPHIC ANALYSIS OF LIP COSMETICS:  

After completing preliminary examination of cosmetics, they are analysed with the 

help of Thin Layer Chromatography technique. 

PREPARATION OF TLC PLATES  

The following procedure can be adopted to prepare TLC plates: 

TLC plates (20 x 20cm) are cleaned with acetone cotton swab. The applicator is used 

to make a uniform layer of silica gel-G on these glass plates. The thickness of 

applicant is adjusted at 0.25 mm. Firstly applicator is placed on the properly aligned 

TLC plates. Then applicator is moved from the extreme right side to left side to check 

the evenness of the surface.  

Slurry of silica gel-G is prepared by weighing 20g of silica gel G and mixing it with 40 

ml distilled water in a conical flask. Distilled water is added in small lots and with 

continuous shaking to avoid lumps formation. After that slurry is poured in 

applicator's cylinder. Finally applicator is run evenly on the TLC plates. Layer so 

formed is allowed to settle on the plates for few minutes. Plates are then kept in oven 

for two hours at 110°C of temperature for their proper activation.  

SATURATION OF SOLVENT CHAMBER  

The developing chamber is cleaned thoroughly and dried completely. Long strip of 

filter paper is inserted into it and attached to the walls of the chamber. Selected 
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solvent system is put into it and lid is placed on the chamber. For the proper 

saturation, chamber is left undisturbed for 25-30 minutes.  

SPOTTING AND DEVELOPING OF TLC PLATE  

Plate is spotted using fine capillary tubes. Fixing a sidewise distance of 2cm and 

1.5cm from the bottom did spotting. The spotted plate is then put in the chamber and 

kept almost vertical. The level of the solvent is adjusted or spotting is done in such a 

manner that spots do not immerse in solvent. Plate is allowed to a distance of 10 cm 

solvent front from the spots.  

VISUALIZATION OF TLC PLATES  

Plate is examined and visualized under:  

 1. Strong Sunlight 

 2. Long UV light 

 3. Iodine Fuming 

 

CALCULATION OF HRF VALUES  

Rf is ratio of front or retention factor can be calculated as follows:  

Rf    =    Distance travelled by solute  

              Distance travelled by solvent  

 

hRf   =  Distance travelled by solute  X 100  

              Distance travelled by solvent 

 

The scientists have tried various solvent systems, but none of them is capable of 

separating all types of cosmetics simultaneously. Among the various solvent systems 

used the solvent system containing Toluene: Acetone: Benzene in the ratio of (87.5: 5: 

7.5) is found to be the best for the separation of selected lip cosmetics. This solvent 

system is able to separate all the types and brands of lip cosmetics simultaneously 

and even separation is far more satisfactory than only other solvent system used 

(Plate-I).  
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Plate-1 showing results of TLC 

Suggested Questions : 

 What is the forensic significance of cosmatics. 

 How cosmetics can be identified at the scene of crime. Discuss how they can be 

collected. 

 Discuss precautions necessary during collections and packing of cosmetics. 

 Discuss how lipstics can be evaluated in forensic science lab. 

References: 

 Clements, J.E. (1955):  “Analysis of Lipsticks chemistry”, J. Anal. Chem., 38: 

838-43. 

 De Navarre, G.M. (1962): “The chemistry and manufacture of cosmetics”, 73 

(DVAN NOSTRAND COMPANY INC. YORK).  

 Williams, D.F.; Schmidt W.H. (1992): Chemistry and Toxicology of Cosmetic 

and Toiletries industries. Blackie Academic Glasgow., 143-169 
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DETECTIVE DYE 

OVERVIEW: 

 Introduction 

 In Case of Phenolphthalein  

 Sampling 

 Evaluation and Interpretation of Results 

 Thin Layer Chromatography 

 In Case of Anthracene  

 Thin Layer Chromatography  

 Visualization of results of TLC  

 Spectrophotometer 

 IR Spectrophotometric Analysis 

 Conclusions 

INTRODUCTION: 

In Forensic science, the detective dyes play very important role particularly in bribery 

or trap cases. The anticorruption agencies arrange a trap on the basis of some 

complaint in which the accused is given currency notes or other objects on which 

chemicals like phenolphthalein or anthracene powder have been applied. When this 

chemical or dye comes in contact with the hands or pocket or briefcases etc. of the 

accused person, transfer of the chemical phenolphthalein (which may be in traces) 

takes place. In case of phenolphthalein, the hands of the accused are washed and 

hand washed is collected either in sodium carbonate or calcium hydroxide solution, 

the solution becomes pink immediately, confirming the transfer of phenolphthalein on 

his hand or pocket. Phenolphthalein gives pink color in alkali at low 

concentration i.e. at 0.005 x 10-3 % (5 micro grams in 100 ml.) 

Earlier many other dye powders like Anthracene or malachite green were also used. 

But presently, due of certain limitations only phenolphthalein powder is used. 

These washings and other relevant articles after proper collection and packaging are 

sent to forensic science laboratories to establish the presence of the chemicals 

(phenolphthalein), which is considered as very important evidence in the court of law. 

Although the sodium carbonate solution turns pink and the color persists for few days 

or months, depending on the quantity of phenolphthalein and strength of alkali, it 

gradually start fading away and ultimately becomes colorless. At the time of trial in 

the court of law this creates unnecessary doubt on the investigating officer and puts 

him in to an awkward situation. However, this phenomenon can be explained by 
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analyst on scientific basis that phenolphthalein is broken down into the following two 

products: 

1)  2(4-hydroxy benzyl)-benzoic acid and 

2) Phenol  

These Products (compounds) are colorless and can be identified with the help of 

simple Thin Layer Chromatographic (TLC) technique. Phenolphthalein can also be 

detected by derivative UV spectrophotometry. As mentioned above, the anthracene 

powder can also be used for this purpose in the trap cases as it does not ooze, and 

has an advantage because of its fluorescence property. The hands and clothes etc. of 

the suspect can immediately be examined under ultra violet light, which gives a violet 

blue to greenish blue fluorescence. Wherever even traces of Anthracene/ 

Phenolphthalein are present, they can be easily detected and this proves direct 

contact of the suspect with the currency notes. As these dyes have application in trap 

cases, these are called detective dyes. Pure anthracene exhibits blue fluorescence 

under UV light, but commercial anthracene contains many associated impurities like 

Tetracene Phenenthrene, naphthalene etc. Hence shades of the blue fluoresce may 

vary accordingly and in most cases greenish fluoresce is observed in practice. Since 

anthracene is very sensitive to UV radiations, TLC and UV spectrophotometry 

techniques are sufficient to detect few micrograms of the compound unambiguously. 

IN CASE OF PHENOLPHTHALEIN  

Sampling 

The washings of hand and clothes etc. of the suspect is collected in dilute sodium 

carbonate or calcium hydroxide solution in water. Along with other relevant articles 

related to crime scene such as currency notes and suspects’ cloth (in polythene bags] 

these are also sent for analysis to forensic science laboratory.  

Evaluation and Interpretation of Results: 

In case of phenolphthalein detection,  

 If the sodium carbonate washing is pink in color, first of all record the visible 

spectrum of the filtered solution, λ max is observed near 550nm. The Optical 

Density (OD) gives the idea of color intensity.  

 Acidify the colored or decolorized sodium carbonate solution. It is acidified with 

HCI acid and extract with diethyl ether. Crystallize the extracted material from 

water and record its UV spectrum, in ethyl alcohol, along with control samples 

of phenolphthalein as well as phenolphthalein break down products obtained 

similarly.  

Acid Alkali Test : Sample (Handwash)       Alkali (Na2Co3)  Pink  

Colour        HCl        Pink Colour Disappear       Add Alkali Pink Colour  

Appears Confirming the presence of PHENOLPHTHALEIN 

Thin Layer Chromatography: 

Spot the ether extracts prepared as above on TLC plates using silica gel-G and develop 

in a solvent system of Benzene dioxane acetic acid mixture (75:15:0.15). First spray 
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the developed plate with neutral ferric chloride solution and note the brown spot 

representing one break down products (a) which is more prominently seen under UV 

light. To confirm phenolphthalein (b), spray the TLC plate with 2-6 Dichloroquinon-4-

chloroimine. This gives bluish spot. Locate undecomposed phenolphthalein as pink 

spots by exposing the same plate to ammonia vapors. Alternatively, develop the plate 

in iodine vapors, visualize all the spots along with the markers. NaOH can also be 

used as spray reagent for visualization purpose.  

IN CASE OF ANTHRACENE  

The following observations can be made under UV light 

 Note whether the exhibit shows any violet blue/ greenish blue fluorescence 

and if possible, take the photographs. 

 Observe the alcohol extract of the material under UV light as it exhibits very 

strong blue fluorescence and hence sensitivity enhances very much. 

Thin Layer Chromatography:  

Spot the alcohol extract of the trace material on TLC plate along with control 

Anthracene as a marker. Develop the plate with chloroform and after drying, view 

under UV light to see the Anthracene spot. Anthracene is located at Rf of 0.70 as blue 

fluorescent spot. 

Visualization of results of TLC: 

Spray the above plate with chromogenic solution of diazo salt of sulphanilic acid 

(prepared by adding equal volumes of 0.3% sodium nitrite aqueous solution and 0.2% 

sulphanilic acid in 1N HCI allowing the mixture to stand for half an hour). Then heat 

the plate in oven at 1100C for 10-15 min. Distinct bluish violet spot for anthracene at 

Rf 0.70 is seen. Scraps the bluish violet spot and use it to study with 

spectroshotometer. 

Spectrophotometer: 

Scrapped bluish violet spot from TLC Plate as mentioned above from exhibit, as well 

as isolated anthracene (reference) separately are extracted in 95% ethanol. Prepare a 

blank sample (as negative control) also by scrapping the silica gel from the same plate 

and extracted in ethanol. Record the UV/VIS spectra of exhibit sample and reference 

samples against the blank prepared as above. Anthracene shows λ max at 233nm and 

294nm in UV regions and at 574nm in VIS region. Up to 5mg quantity of anthracene 

can be detected by this method. Direct UV spectrum of ethyl alcohol extract of impure 

and old anthracene shows main λ max at 252nm along with other bands at 294, 324, 

340, 356 and 376nm in ethyl alcohol.  

IR Spectrophotometric Analysis 

Further, if the sufficient quantity of the powder is available then IR spectrum can be 

recorded by using KBr disc and compared it with that of a control i.e. anthracene.  
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CONCLUSIONS: 

Results obtained from phenolphthalein with different concentration of two alkali 

media indicate the decay of color intensities over the long period of times at room 

temperature. 

The fall in color intensities is far more pronounced in saturated calcium hydroxide as 

compared to sodium carbonate. This is probably due to the fact that calcium 

hydroxide absorbed carbon dioxide from the atmosphere and partially got converted in 

to calcium carbonate resulting in reduced alkaline conditions where the 

phenolphthalein may not be completely in the quinoid form which is the basis of the 

pink color.  

The concentration of sodium carbonate should be kept to minimum as higher 

concentration would hasten the degradation of phenolphthalein and consequent loss 

of color.  

SUGGESTED QUESTIONS: 

1. Discuss the Relevance of Phenolphthalein and other Detective Dyes in Forensic 

 Trap Cases.  

2. What are detective dyes? Name a few. 

3. How the sample of trap cases on analysed. 
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PAINT CHIPS AND SMEARS 

Overview: 
 Forensic Significance 
 Nature 
 Collection and Packaging of Glass Evidence 
 Laboratory Examination of Paint Evidence  
 Individualization of paint sample 

The known paint samples 
 Microscopic Examination 

Physical Matches     
Matching of layers  

Solubility tests 

 Sample Preparation and Layer Analysis 
 polarized Light Microscopy 
 Infrared spectroscopy 
 Raman spectroscopy 
 Pyrolysis Gas Chromatography 
 Micro-spectrophotometry 
 Elemental analysis of the pigments 
 Scanning Electron Microscopy 
 X-Ray Fluorescence Spectrometry 
 X-Ray Diffraction 
 Fluorescence Microscopy 
 Low-Temperature Ashing 
 Solvent Extraction 
 Analytical Electron Microscopy 

Forensic Significance 
Paint is one of the most important evidence materials, commonly encountered in 
crime cases like motor vehicle accident, theft, burglary or house breaking offences etc.  
Intact paints on houses or machine are also required to be examined at crime scene.  
Evidentiary value of paint increases, whenever it is recovered from a suspected vehicle 
of a hit and run case, shoe or clothing of an accused person or from suspected house 
breaking implements. The following characteristics of paint make it forensically 
significant:  
 Paint is very commonly found in and around our environment because of the 

very large number of different uses or literally millions of objects whose surface 
is painted. 

 Paint in different cases is found in form of chips of different sizes. These chips 
are either attached on to the vehicle or smear adhering with the weapon used 
to commit crime. 

 The paint smear can be transferred and will often adhere to items of clothing 
and sometimes to hair without being noticed.  
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 Paint is quite a stable evidence and is not affected by any environmental 
conditions. Unlike most biological evidence, paint evidence does not undergo 
change or deterioration from the time it is deposited at the crime scene till it is 
collected and analysed in the laboratory.  

 This is also a fact that paint is manufactured in a wide range of      
compositions and by different processes by different manufacturing companies 
which also contributes significantly to enhance its value as physical evidence.  

 Besides the varied range of composition among different types of paints, there 
is often a range within a given type of paint as well. These compositional 
variations are unintentional and arise because of uncontrolled differences in 
the composition of raw materials or thorough mixing of raw materials used to 
make the paint (Law of individuality) or because of errors in measuring the 
amounts in making up the formulation. Batch-to-batch (inter-batch) and intra-
batch variation in composition can also result from the contamination of the 
container during the manufacturing process. Such intra batch variations can 
contribute significantly in enhancing the value of paint as evidence.  

 The latest technological up gradations in the manufacturing techniques have reduced 
significantly the range of inter- and intra-batch variations to be expected in most 
kinds of paints. In addition, paint manufacturing has become concentrated in the 
hands of a relatively small number of large manufacturers in the last few years, 
contributing to the increased uniformity of modern paint.  

However, small but sometimes significant differences still do exist, even in modern 
paints when may be produced under conditions of stringent quality control. Thus, the 
significance of a match based on chemical composition criteria may be reduced if 
there are significant differences in composition within the article. 

 

 
                                Photo-1 showing transfer of Paint Smear 
 

Nature 

Paints are usually found at the scene of crime either in the form of flakes, chips, 
powder or smears. The smear of dried paint may be transferred to the clothing of a 
hit-and-run victim on impact with an automobile or paint smear can be transferred 
onto a tool during the commission of burglary.  
Paint, when spread onto a surface, will dry into a hard film that can best be described 
as consisting of pigments suspended in a binder. Pigments impart color to paint and 
are usually mixtures of different inorganic compounds added to the paint by the 
manufacturer to produce specific colors. The binder provides the support medium for 
the pigments and is a polymeric substance. Paint is thus composed of a binder and 

Paint Transfer 
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pigments, as well as other materials added for bulk, all dissolved in a suitable solvent. 
After the paint has been applied to a surface, the solvent evaporates, leaving behind a 
hard polymeric binder and any pigments that were suspended in it.   
Obviously, there are numerous possibilities and situations under which a transfer of 
paint takes place from one surface to another. In most of the cases, the scientists are 
required to compare two or more paint samples for establishing their common origin. It 
may also be possible from such comparison to associate an individual or a vehicle to the 
crime scene.  

Collection and Packaging of Paint: 
After observing the crime scene carefully, the paint chips or smears or flakes present at the 
crime scene or with the suspect or with victim, is required to be collected very carefully. 
Paint chips are most likely to be found on or near persons or objects involved in hit-and-
run incidents. The following points should be kept in mind while collecting paint samples: 
 The paint chips or smear present at various sites of the crime scene or with 

automobile or weapon etc. should be collected separately by specifically 
mentioning about the site from where collected. 

 If the chips are large enough, then the possibilities of a reconstruction of the 
evidence or of a physical match need to be considered at the time of collection 
of evidence. 

 If the chips or paint smear contain any secondary evidence like fingerprint or 
blood or any other body fluid or any other important evidence, then the 
investigator has to play very crucial role in deciding which one should be given 
priority during collection either primary (Paint) or secondary evidence and 
accordingly necessary precautions should be taken. 

 Details of the collection procedure should be thoroughly documented before 
actual collection of the evidences. If samples are to be taken from the point of 
entry or exit, each of the samples should be individually identified and 
photographed prior to collection. In addition, the notes and photographs 
should clearly show the exact orientation or location of the site from where the 
paint sample has been collected. 

 Clothing and similar items suspected to contain traces of paint evidence are 
normally submitted to the laboratory without prior collection, but visual 
inspection and marking the area may be useful under certain circumstances.  

 The control samples should also be collected from near by site wherever 
necessary. 

 The paint chip may be picked up with a tweezers or scooped up with a piece of 
paper by taking utmost care to keep the paint chip intact. 

 If the paint is either smeared or embedded in garments or objects, the 
investigator should not attempt to remove it; instead, it is best to package the 
whole item carefully and send it to the laboratory for examination. 

It must be remembered that each case is unique in one way or other, so rigid or 
common rules for collection and packaging of evidence will not be appropriate. The 
investigator's judgment is the crucial factor in selecting the most suitable technique 
applicable to the unique aspects of the particular situation being investigated. 
Separately collected paint samples (either in the form of chip or smear) should be 
separately packaged and marked as to the exact location of its recovery. When a 
cross-transfer of paint occurs between two vehicles, again all the layers, including the 
foreign as well as the underlying original paints, must be removed from each vehicle. 
A control sample from the adjacent undamaged area of each vehicle must also be 
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taken in such cases and packaged separately. Carefully wipe the blade of any knife or 
scraping tool to be used before collecting each sample. This step will avoid cross-
contamination of paints. The secondary evidence, if collected, should be packaged 
properly after making it dry. 
Then the samples are sent to Forensic Science Laboratory along with the query list. 
The Forensic examination of paint can reveal the possibilities and situation under 
which paint transfer from one surface to another has taken place. Comparative study 
of two or more samples by various techniques can identify whether the samples have 
originated from a common source or not.  

Laboratory Examination of Paint Evidence  
As soon as paint evidences are received in the laboratory, the scientist has to take 
very important decision that whether the primary (paint) or secondary evidence to be 
analysed first.  
The first step in examination of a paint sample submitted to the laboratory is to 
perform a preliminary examination to make general observations about the sample. 
During the examination, the following characteristics of each sample must be studied 
to exclude certain samples from further consideration: 

 Color of the Paint 

 Design of the Paint 

 Thickness/ Layer structure of the Paint 
 

Individualization of paint sample 

After examining for the above parameters from the paint chips, the possibility of 
obtaining a physical match must be considered. Another aspect of paint comparison 
is layer structure. Many objects (automobile, for example) have been painted several 
times, with different types and colors of paint used for each coat. The particular 
sequence of paint types and colors can be unique and confers individuality onto a 
sample of paint evidence. The possibility of individualizing a paint sample by a 
physical match or a unique layer structure does not apply to paint smears.  
After the preliminary examination, the following tests can be applied to characterize 
the paint samples: 

The known paint samples 
The known paint samples must be collected from areas as close as possible to, but not 
within the point or points of damage or transfer. These damaged areas are usually not 
suitable sources of known samples. The collected known samples should contain all 
layers of the undamaged paint film. Substantial variations in thickness and layer 
sequences over short distances can exist across a painted surface. 
The surface underlying the suspected transfer area should be included for analysis 
when possible. Adjacent sections removed from a wall, ceiling, door, window, 
implement handle, and automobile door, fender, and hood are examples of items that 
can be valuable for assessing questioned and known sample differences and for 
evaluating the possible cross transfer of trace materials.  
Paint flakes can be removed from the parent surface by a number of methods. These 
include, but are not limited to the following:  

 lifting or prying loosely attached flakes,  

 cutting samples of the entire paint layer structure using a clean knife or 
blade, or  

 dislodging by gently impacting the opposite side of the painted surface.  
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When cutting, it is important that the blade be inserted down to the parent surface. It 
should be noted that no one method of sampling should be relied upon exclusively.  

Analysis of Paint Sample : 
Sample Preparation and Layer Analysis 
The layers in a paint film are identified by viewing the sample edges at magnifications 
ranging between 5X to 100X. The obvious layers are generally visible without sample 
preparation. Definitive paint layer identification usually requires sample preparation 
techniques such as manual or microtome sectioning, edge mounting and polishing, or 
both. A combination of techniques may be required to fully characterize the layer 
structure. The extent of sample manipulation and preparation will depend on the 
amount of paint available and its characteristics. 
Paint layer structure can be observed by using a scalpel blade to make an oblique cut 
through a sample.  
Subtle differences in color, pigment appearance, surface details, inclusions, metallic 
and pearlescent flake size and distribution, and layer defects may require 
microscopical comparisons of the edge, oblique cut, and surface views of known and 
questioned paint samples. These comparisons must be carried out with both samples 
positioned side by side and in the same field of view. 
1. Microscopic Examination 
Microscopic examination is the most effective method for identification of paint.  
Samples received in the lab. are first examined under a good stereoscopic microscope 
and their overall similarities are noted. Bigger chips are separated from the sample 
and any possible physical matching of broken edges of the chips in the exhibit and 
control may be tried.  Occasional physical match between two such samples proves 
beyond doubt that both the samples have a common origin. 
2. Polarized Light Microscopy is more appropriate for the examination of layer 

structure as well as either or both the comparison or identification of particles present 
in a paint film including pigments, extenders, additives, and contaminants.  

3. Physical Matches     
Usually the transfer of paint chip take place in a random fashion, resulting in the 
unique contour formation, thus providing an ideal situation for physical matches. 
Individualization of a paint sample can be most definitive when a physical match 
between the questioned sample (Chip transferred to other vehicle) and a known area 
(on the vehicle from where the chip has been transferred to other vehicle) can be 
achieved. When reasonably large pieces of questioned samples paint chip are found, it 
is well worth considering the possibility of a physical match. If physical match is not 
possible, then in such case, the comparison must be based on other criteria. Physical 
matching is one of the simplest but most important comparison methods for 
establishing common origin with paint chip samples.  
Making physical matches with paint samples is similar to physical matching with 
other types of evidences. The scientist has to simply examine the contours of the 
corresponding edges. If the respective contours exactly fit into it, a jigsaw fit is 
carefully attempted. Such a fit can often provide conclusive evidence of common 
origin.  
The process of physical matching is often aided by a preliminary reconstruction. In 
order to obtain an exact fit, it is necessary to have more than simple two-dimensional 
correspondence of the edges of the fracture.  
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4. Matching of layers  
Automobile paint chips mostly contain several layers, which are highly important for 
identification purpose. The edge of a chip may be cut with razor blade or in a 
microtome and mounted vertically with the cut edge upside in a plasticine or similar 
mount. Sequence of colour and thickness of different layers present are observed and 
noted. Brittle paint chips may be mounted on paraffin block and then sectioned with 
a microtome for comparison. Layers from two paint chips may be compared in a 
Comparison Microscope. Exact matching of layers in multilayered chips establish 
their identity. 
Besides color, a pigment may provide many of the essential properties of paint such 
as opacity, hardness, durability, and corrosion resistance. The term pigment includes 
extenders. 
When contact between two coated surfaces is indicated, the possibility of cross 
transfers must be considered. Therefore, if available, samples from both surfaces 
should be collected. 

5. Solubility tests 

It is one of the prominent tests in the examination of paint sample. Paint sample may 
show differential solubility in various solvents; the principal solvents which have been 
used for this purpose are acetone, concentrated nitric acid, chloroform, Ethyl Acetate, 
concentrated hydrochloric acid, dimethylformaldehyd, Chloroform, concentrated 
sodium chloride, toluene, methanol, benzene, xylene and methyl ethyl ketone. This 
test is conducted to determine the class characteristics. Different classes of binders-
the organic polymer portions of the paint behave differently when tested with a range 
of solvent types. Solubility or partial solubility of the sample is noted. 
The soluble component of the paint may be examined by thin layer chromatography 
(TLC) using appropriate solvent system. This technique is very simple and yields very 
good results. 

6. Infrared spectroscopy (IR)  
Recently the Infra-red Spectroscopy has been widely applied for identification of paint 
vehicles as well as pigments. Advent of low cost FTIR Instruments with various 
sampling techniques like Diffuse reflectance (DRIFTS), Diamond Anvil Cell (DAC) and 
Microscope FTIR makes it possible to obtain Infra-red Spectra without any pre-
processing.  Sample requirement in DAC and Microscopic FTIR Techniques is very 
small and may be used to obtain information about binders, pigments, and additives 
used in various types of coating materials. Both transmittance and reflectance 
techniques may be used for the analysis of coatings, but in most cases, transmittance 
methods are preferred because all the sampling wavelengths are subjected to the 
same path lengths and most of the reference data of coatings, binders, pigments, and 
additives consist of transmittance spectra.  

7. Raman spectroscopy can also be used to obtain information about binders, 

pigments, and additives used in coatings. As this technique is based on light 
scattering rather than absorption, Raman spectra provide information that is 
complementary to that produced by infrared spectroscopy. Some paint components, 
for example, may give rise to both infrared absorption bands and Raman bands, but 
the relative absorption or scattering intensities of these bands will differ significantly 
between the two techniques.  

8. Pyrolysis Gas Chromatography (PGC)  
Pyrolysis Gas Chromatography is an ideal technique for identification of the vehicle 
component of the paint. Pyrolysis gas chromatography (PGC) uses pyrolytic breakdown 
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products to compare paints and to identify the binder type. Pyrograms, the 
chromatograms of the pyrolytic products, are influenced by numerous sample 
characteristics and instrumental parameters. This technique is considered more sensitive 
than the Infra-red Spectroscopy for identification of organic component. The technique 
although destructive, sample requirement is very small and information received is very 
specific. PGC can be used as an aid in the characterization of binder types by comparison 
with pyrograms of paints or resins from a reference collection. 
The applicability of this technique depends on the paint type, layer complexity, and 
the amount of sample consumption that can be tolerated. PGC analysis may be 
conducted with as little as 5-10 micrograms of sample. Run time is typically 20-40 
minutes. 
The user must ensure that reproducibility is maintained and that there is no sample 
carryover between runs. The necessity and frequency of replicate and blank runs 
must be established for each system and sample type. 
9. Micro-spectrophotometry: 
Color analysis has a long history in the pigment, paint, dyestuff, and fabric industries and 
has led to numerous approaches for the measurement and description of color. Colors can 
be described by systems such as those of Munsell. These systems can be used to classify 
colors for database systems, but usually absorption spectra of known and questioned 
samples are directly compared in forensic color comparisons. 
Elemental analysis of the pigments 
Identification of the metallic components present in the pigment can be made with 
Emission Spectrography or ICP emission Spectrometer. Among other techniques, 
SEM-EDX, AAS, X-ray Fluorescence and NAA techniques are also applicable for 
identification of pigment composition. Major element of the pigment and trace element 
profile between two paint samples may be compared to establish the identity of the 
pigments. 
1. Scanning Electron Microscop 
Scanning electron microscopy-energy dispersive X-ray analysis (SEM-ED) can be used 
to characterize the morphology and elemental composition of paint samples. The SEM 
rasters an electron beam over a selected area of a sample, producing emission of 
signals including X-rays, backscattered electrons, and secondary electrons. Emitted 
X-rays produce information regarding the presence of specific elements, and the 
electron signals produce compositional and topographical visualization of a sample. 
The elemental composition of paint smears that cannot be lifted from a substrate 
can often be estimated by subtraction of the substrate's X-ray spectrum from the 
combined smear-substrate spectrum.  
2. X-Ray Fluorescence Spectrometry (XRF) 
XRF is an elemental analysis technique based upon the emission of characteristic X-
rays following excitation of the sample by an X-ray source. XRF analysis is less 
spatially discriminating than SEM-EDX because of its larger analytical beam size and 
the greater penetration depth of X-rays compared to electrons. However, the limits of 
detection for most elements are generally better than for SEM-ED, and the higher 
energy X-ray lines produced by higher energy excitation typical of XRF can be useful 
during qualitative analysis. 
Because of the significant penetration depth of the primary X-rays, XRF analysis will 
generally yield elemental data from several, if not all, layers of a typical multilayer 
paint fragment simultaneously. Because variations in layer thickness may cause 
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variations in the X-ray ratios of elements present, this technique can be used only 
comparatively or qualitatively.  
3. X-Ray Diffraction (XRD) 
XRD is a nondestructive technique for the identification of the crystal form of pigments 
and extenders or fillers. This method is usually not suitable for the identification of 
organic pigments.  
XRD instruments usually employ a copper target X-ray tube to generate the X-ray 
beam and a diffractometer to measure both the diffraction angles and peak intensities 
characteristic of the crystal structure. Beam/sample geometry is critical in producing 
the correct diffraction pattern. 
Most paints need no sample preparation. Surface contaminants (e.g., sand particles), 
however, should be removed. Individual layer analysis is preferred over multilayer or 
bulk analysis in order to associate components to their respective layers. 
4. Fluorescence Microscopy 
Fluorescence microscopy of thin or bulk cross sections, as an aid in differentiating 
samples or various layers within intact paint fragments, when using an excitation 
wavelength of 365 nanometers, may be sensitive to differences in organic pigments, 
additives, and film-forming components.  
5. Low-Temperature Ashing 
The low-temperature Asher is a device in which oxygen plasma is used to remove 
organic materials from a complex matrix. Materials that produce volatile oxides 
(principally organic components) are removed from the matrix with minimal elevation 
of the sample temperature in contrast to pyrolysis systems. Ashing usually continues 
until all such volatile oxides are removed. 
Inorganic pigments, extenders, and some additives in the different layers of the ashed 
paint film will remain after the organic material is volatilized. The relative size and 
morphology of the different particles, noted during previous tests, serve to help 
identify and separate these residue components for additional analysis. 
6. Solvent Extraction 
Solvent extraction can be used to separate some of the organic components from paint 
films, depending on the paint system or systems in question. The objective of the 
procedure is to recover a solute that can be examined by IR, GC, or GC-MS 
techniques. It is especially useful for coatings where the volume of pigments or 
extenders is very high. The identification of the binders by FTIR is often only possible 
after separation of the pigments and extenders. 
When using solvent extraction, separation of paint layers is very important. If this is 
impossible, it is important that identical conditions (e.g. time and temperature) be applied to 
both the known and questioned samples. 
7. Analytical Electron Microscopy 
Analytical electron microscopy (AEM) is the term applied to the use of transmission 
electron microscopy (TEM) in conjunction with both selected area electron diffraction 
and EDS. The combination of techniques can provide more definitive identification of 
some pigment grains that cannot be identified conclusively by PLM because of their 
extremely small size or opacity. 
AEM requires that the sample be sufficiently thin to permit transmission of the 
analytical electron beam. It is thus applied only to dispersions of extracted inorganic 
particulates, such as those recovered from low-temperature ashing, dissolved paint 
layers, or ultra microtomed sections of a paint film. 
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8. Cathodoluminescence 
Cathodoluminescence (CL) is the emission of radiation from the sample in the visible 
light region and neighboring wavelengths following excitation by electrons where 
these, originating from a cathode and accelerated in an electric field, strike upon an 
insulator or semiconductor (e.g., inorganic pigments or fillers). This phenomenon can 
be observed through the use of specially equipped optical or scanning electron 
microscopes. 
Cathodoluminescence can be performed on embedded sections as an aid in 
differentiating samples or various layers within intact paint fragments. The technique 
has been found to be most useful for characterizing and comparing multilayered white 
or beige architectural and marine paint fragments. 
Suggested Questions 

 Explain the different laboratory methods used to compare the paint samples. 

 Write forensic significance of paint sample. 

 Discuss in detail the nature, collection and packing of paint sample at crime 
seene. 

 Discuss in detail the evaluation of paint sample in any forensic science 
laboratory. 

 Discuss various precautions necessary while collecting and packing of paint 
sample.   
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Introduction  

Soil is very commonly found as evidence at almost every type of crime scene; 

particularly in hit- and- run accidents, homicides, automobile collisions, sexual 

assaults and burglaries etc. Chances of Soil picked up by an automobile tune from 

the crime scene are great, thus, providing a valuable link between the automobile and 

the crime. Similarly, soil or mud found adhering to clothing or shoes can provide a 

valuable clue linking a suspect to a particular crime scene.  Edmond Locard also 

observed that it was almost impossible for any person to keep engage in any activity 

without accumulating dust or soil on his body, clothes, weapon or vehicle. So the soil 

which accumulates on a person can contribute significantly in linking the person with 

the scene of crime.  

In general, soil is a naturally occurring material, which is a very rich and complex 

mixture of diverse particles like clay, sand, rocks, minerals, coal, decayed or decaying 

organic matter of plant and other debris. Soil is formed originally from rocks as a 

result of process such as erosion, oxidation, and hydration. From the forensic point of 

view, however, soil must be defined broadly enough to include particles created by 
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human activity. Because soils of very remote areas would not have them, and the soils 

most commonly encountered in criminal investigations are from areas close to human 

habitation. For this reason, soils considered in crime investigations may contain paint 

particles, glass; airborne particulate pollutants from factories; bits of concrete; 

asphalt, tire-rubber abrading, and numerous other trace evidences. These make soil 

highly heterogeneous in nature and vary widely from place to place due to the effects 

of wind, water, human activity, living organisms, mining and agriculture etc.  Thus, 

soil from different places will have different class and individual characteristics. 

Therefore, the forensic examination of soil is not only concerned with the analysis of 

naturally occurring rocks, minerals, vegetation and animal matters, but also 

encompasses the detection of objects due to human activity such as; glass, paint 

chips, asphalt, brick fragments, and cinders whose presence may impart soil with 

characteristics which will make it unique to a particular location.   

Forensic Significance of soil 

In most of the cases, soil acts as potentially very valuable evidence. Many types of 

crimes take place under circumstances and conditions which contribute to the 

transfer of substantial quantities of soil. It is thus fairly very common as evidence.  

Many processes like physical, chemical, biological, and human contribute effectively 

to the production of soils, giving rise to a very large number of possible combinations. 

Even within geographically restricted areas where soils are of the common type, 

considerable variations still exist. Significant differences can even be found in soil 

samples taken from nearby areas. In addition to the individual characteristics just 

mentioned, soil also has useful class characteristics. An examination of an unknown 

soil sample by a microscopist having knowledge of geology may reveal the area from 

which the soil originated. This information can be useful as an investigative aid.  

Additional clues about local conditions at the point of origin of a soil sample can be 

obtained from an examination of biological evidence. The presence of fragments of 

certain mosses, for example, may indicate a shaded area. Other biological clues, such 

as the presence of pollens or morphologically identifiable plant fragments, can yield 

similar interpretations. The individualizations possible with soil evidence are probably 

more definitive than those based on compositional variation in any other kind of 

transfer evidence. As we will see in the next section, properly collected soil samples 

can be the most valuable evidence in a significant number of investigations. The 

phrase properly collected has been used advisedly because the value of soil evidence is 

almost completely dependent on the knowledge and presence of mind of the 

investigator charged with its collection.  

Location of Soil Evidence 

Soil as an evidence can be found at the following most probable locations: 

 On the body and clothes of victim and suspect 

 On the foot or footwear  

 On the weapon used to commit crime 
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 On underside of the vehicle 

 In the tyres of the vehicle 

Collection of Soil Evidence  

It is extremely important for investigators to realize that the success of a soil 

comparison is dependent on the quality of the sample collection. No amount of 

sophisticated laboratory work can compensate for improperly collected samples. 

Control samples are particularly important with soil evidence, and they are often 

overlooked or improperly collected. The significance of the results of a comparison 

between a known and a questioned sample is evaluated in terms of the variations 

observed among the known samples.   

 The unknown soil samples are generally found on either shoes or clothing or on 

any other objects associated with the suspect and are marked as Questioned. 

The questioned sample can also be found on a victim who may or may not 

remain at the primary crime scene, but whose presence at the scene needs to 

be proved. 

 Soil sometimes is deposited on a suspect's shoes in discrete layers. A study of 

these layers may indicate to the scientist that the suspect has accumulated 

these different layers by walking through different areas containing different 

kinds of soils either before or after the incident being investigated. Prior to 

examination in the laboratory this layer structure should not be disturbed at 

all. For this reason, it is a good general rule to submit articles bearing soil 

evidence directly to the laboratory without prior sampling. Soil on larger 

articles, which cannot be conveniently transported, can be collected by cutting 

out the portion of the object which contains the soil, or alternatively, by 

employing the visual inspection and collection technique. This should be 

employed with the greatest care. 

 The area to be sampled should be observed carefully before any soil is removed. 

If soil of the areas is of different color or texture, then these should be sampled, 

packaged, and submitted separately to the laboratory. The color photography 

might be suitable for documenting the original appearance of the soil. In this 

case the collected samples should be labeled in such a way that they could be 

related to the areas in the photograph. The visual inspection and collection 

method would be employed in sampling areas on immovable objects which 

would be expected to have soil from many different sources present (for 

example, the fender wells of a suspect's automobile).  

 The success of an investigation involving soil evidence may also well depend on 

the collection of proper and adequate known and known-control soil samples. 

The known sample is from the point where the questioned samples are thought 

to have originated. The known-control samples are taken from various points in 

the area around the point where the known simple was taken.  
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 The collection of known samples is not as simple as it might seem. The 

selection of precise sites for sampling must be given careful consideration. 

Because of the local variations which exist in soils, known samples should be 

taken from points as close to the suspected area of origin of the questioned 

sample as possible. If there is uncertainty, several additional known samples 

may be taken. These additional samples may serve the dual purpose of being 

both known and known-control samples, and additional known controls would 

probably not be necessary. The areas which seem to be disturbed will become 

logical candidate areas to be sampled for known sample. If the disturbed area 

exhibits any detailed form or pattern, such as a footprint or knee impression, 

these must be thoroughly documented by using procedures like photography 

and casting prior to the removal of any known samples. The imprints, if 

present, are likely to be more important in terms of their value to the case than 

the soil. Even if this is not true, they are considerably easier to analyze for 

associative value than soil.  

 It must be remembered that local variation in soil occurs in vertical as well as 

horizontal directions. Thus, if it appears that the deeper layers of the soil have 

been disturbed in the course of the crime, both surface and subsurface Known 

samples are required to be taken. The origin of each of the samples should be 

carefully documented in the form of notes, and should be packaged and labeled 

separately.  

 The best locations for taking known controls depend on the general 

configuration or layout of the crime scene. If the scene is an open field or lawn 

with no distinctive features, the use of a pre selected geometric collection 

scheme, such as the triangular       

                                    
                                                          FIGURE-1  
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Showing a triangular collection pattern is a suitable pattern for use in collecting soil 

samples in open terrain. Modifications may be necessary in other situations. This is 

designed to be used only as an aid in the collection of known and known-control soil 

samples. 

 The controls samples would be collected at various points along paths leading 

to or from the crime scene.  

Collection of Alternative Known or ‘Alibi’ Samples  

‘Alibi’ samples can be extremely important in cases involving soil evidence. Whenever 

a suspect chooses to offer an explanation for the presence of mud or other forms of 

soil on shoes or clothing, every effort should be made to obtain samples from the area' 

from which it is claimed that the soil originated.  

Evaluation of Soil Samples  

The uniqueness of a particular soil sample depends on the complexity of its mixture 

as well as on the degree of local variation in the immediate area from where the 

sample is found. More complex a given soil sample and greater will be the local 

variation. Because of the extreme complexity of soil, it can be looked at in many 

different ways and, thus, there are a number of methods which can be used to 

analyze and compare soil samples. No single method is better. Many supply 

complementary information. The best analytical approach is one which draws upon 

several different techniques.    

In some situations, soil may be encountered as dried mud. Pieces of this material may 

break off, and physical matches may be possible.  

Preparation of Soil Sample  

Soil samples are hardly ever ready for comparison as received. Some preparations, 

such as drying and "coning and quartering," are generally required to make these 

samples ready for examination. The following steps are essential to ensure that the 

portion of the sample which is analyzed should represent the overall sample, and to 

provide for setting aside a part of the sample:   

 The first step in any soil comparison is basically dealing with the separation of 

certain gross characteristics or contents of the soil such as the presence of 

plant fragments or insect parts etc. After proper documentation, these can be 

separately placed in containers. Other debris or obvious gross constituents are 

also treated in the same way.   

 Once the larger constituents have been removed and properly preserved, then 

the soil sample is ready to be ‘coned and quartered’. This term describes a 

process in which the sample is first thoroughly mixed and then formed into a 

conical (cone shaped) pile on a clean surface. The thorough mixing is necessary 

to ascertain that any portion taken from the overall sample will be 

representative of it. If at all there are any large aggregates of caked soil, they 

are gently broken up in this process. The pile is then divided into fourths 
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(quartered) using a small straight edge likes a ruler, laboratory Spatula or 

microscope slide.  

 If the sample is reasonably large, a single quarter of it may be adequate for the 

remainder of the laboratory analysis. More than one quarter of the cone may be 

used if the sample is small or if the scientist plans to use two or more general 

analytical techniques requiring fresh samples. In any case, it is always wise to 

avoid using the entire sample. The unused quarters can be packaged and saved 

for presentation in court or for examination by another expert.  

Preliminary Examination: 

After preparing the soil sample, preliminary examination of the sample is conducted. 

The following parameters can be studied: 

Color  

One of the most important identifying characteristic which is obvious but surprisingly 

very useful parameter for comparing soils is their color. Soils exist in a wide range of 

colors. When critically examined, soils can be divided into hundreds of distinct 

categories based on their color alone. In order for a color comparison to be valid, all 

the samples being compared must be treated in the same fashion. They are commonly 

dried and gently crushed to a uniform consistency, before any color comparisons are 

attempted. Some laboratories maintain extensive reference collections of soil samples. 

The color of an unknown soil sample is compared with the colors of those in the 

reference collection to limit the range of soil types that the sample could represent.  

In order to maintain uniformity in color comparison The Munsell Color Co. chart have 

been very frequently used. The color standards are established on the basis of the 

following three factors: 

 Hue 

 Value  

 Chroma  

Hue is the dominant spectral color. The entire spectrum is divided into ten sections, 

from red-purple (RP) through red, yellow-red (YR), yellow (Y), green-yellow (GY), green 

(G), blue-green (BG), blue (B), purple-blue (PB), to purple (P). Each of this section is 

further subdivided in to ten parts. 

Value is the lightness of colors and chroma is the relative purity of the spectral color. 

Colors may be light or dark, as natural grey vary between the extremes of pure black 

and pure white. The position of the shade of a particular hue is indicated by a value 

from 1 (black) to 10 (white). 

Chroma Most soil colors are adulterated to a greater or lesser extent with gray. A 

natural gray is assigned a chroma number of 0; a slight departure from neutral gray 

is given a chroma number of 1, and a color of chroma 9 is virtually pure, of whatever 

hue or value. 
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The above standardization of color offers some degree of uniformity, but the moisture 

content will also affect the color of the soil. If the colour of the soil observed after 

drying in oven is at 105oC, then the uniformity can be established.  

This information could be useful as an investigative aid or in evaluating and 

interpreting the significance of the color comparison between the questioned and 

known samples.  

In color comparisons of this kind, the type of lighting used is often very critical. 

Comparisons conducted under incandescent, fluorescent, or daylight illumination 

may yield different results. So, it becomes desirable to employ two or three 

standardized types of illumination for every color comparison. Color comparisons are 

particularly useful in excluding the soils that may have come from different sources. 

Because of the relatively high degree of discrimination potential of color comparisons, 

data derived from them and subsequent tests can be combined, then it becomes 

significant for individualization.  

Particle Size Distribution  

Different kinds of mineral grains present in the soil sample can exist in a considerable 

range of particle sizes. The relative abundance of particles in different size ranges is 

often characteristic for a particular sample of soil. The degree of exclusion which is 

expected from particle size distribution determinations depends on the number of size 

ranges included. With very small samples, the particle size distribution can be 

estimated using the microscope. With larger samples, this type of data can be 

obtained by using a stack of carefully graded laboratory sieves. The sieve at the 

bottom of such a stack has the finest mesh, and the one at the-top has the coarsest. 

The soil sample is placed on the screen in the upper sieve and agitated until all the 

particles in the soil have found the levels corresponding to their respective size 

ranges. Then, switch off the shaker and release the binding straps. 

At this point, the stack is taken apart, and the amount contained within each fraction 

is determined by noting its volume or by actually weighing each fraction separately. 

The particle size distribution data obtained in this way are often best represented 

graphically, by means of a histogram (bar graph). Each bar would represent a particle 

size range, and the height of the bar would represent the amount of material in that 

range.  

Color comparisons and determinations of particle size distributions for soil samples 

can be carried out quite easily without expensive laboratory facilities. The combined 

data can be quite useful in discriminating among similar soil samples.  

Microscopic Examination:   

For comparison of any soil sample, the low power microscopical examination using 

the stereoscopic microscope is required. During the examination with the 

stereomicroscope, take some soil sample on a clean microscopic slide or glass plate 

and spread over it to make thin layer. Place the slide or plate on the stage of stereo-

microscope for examination using different magnifications to observe certain gross 
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features or characteristics of the soil, such as the presence of plant fragments or 

insect parts and try to sort out the foreign elements (if there is any) like paper pieces, 

leafs, grass, seed, brick fragments, glasses, animal and wooden matters etc. 

Finally, the opinion rendered will be based on an evaluation of the presence of such 

extraneous materials as well as on comparisons of the constituents normally thought 

of as making up soil.  

Mineralogical Examination of Soil  

Examination of minerals in the forensic comparison of soils is a sophisticated 

microscopical approach, which utilizes the polarizing microscope. An attempt is made 

to identify and determine the frequency of occurrence of each of the types of particles 

present in the two samples being compared. A rigorous identification of each particle 

would be too time-consuming, but fortunately it is not necessary. An estimate of the 

frequency distribution of the particles in each sample usually suffices. The polarizing 

microscope can be used to obtain an approximate mineralogical profile for each 

sample and also provide information about the frequency of occurrence of non mineral 

particles.  

The polarizing microscope is an extremely versatile tool and may be used to study the 

optical properties which are particularly useful for identifying mineral grains. The 

information provided by observing the optical properties and the morphology of these 

of crystalline particles allows a skilled forensic microscopist to identify the mineral 

grains and other particles present in the soil sample quickly.   

Among the properties that can be determined with the polarizing microscope is 

refractive index. Refractive index can be measured only for particles/material which 

are isotropic (that is, they have a single refractive index at any given wavelength). 

Most crystals, including most mineral grains, are not isotropic. They may have two or 

three principal refractive indices and are referred to as being anisotropic, or 

birefringent. With these, the refractive index observed depends upon the orientation 

of the sample with respect to the direction of the light traveling through it. Anisotropic 

materials have at least one optical axis along which light can be propagated and 

behave as though it were traveling, in an isotropic material.  

Those materials with two principal refractive indices have a single optical axis and are 

classified as uniaxial substances, whereas those possessing three principal refractive 

indices have two optic axes and are called biaxial.  

If a mineral grain in a soil sample is oriented properly under the polarizing micro-

scope, the distinction between uniaxial and biaxial crystals can be made within a few 

seconds. For this reason, the mineralogical profiles most frequently obtained with soil 

samples involve making some estimation, as noted above.  

The mineralogical approach in the hands of a skilled microscopist can be exceedingly 

useful in the forensic comparison of soils. It would probably be the best approach for 

completely characterizing a soil sample if time constraints did not prevent a complete 

and rigorous identification and tallying of each particle.  
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It can also be argued that since the complexity of soil affords the analyst the 

opportunity to find subtle differences among soils from nearly the same location, such 

efforts is unnecessary. Thus, when slight differences between two soil samples are 

found, some interpretation is necessary to evaluate their significance.  

Density Gradient  

The number of tests which could be performed in connection with a particular soil 

comparison is very large, but there has to be a practical limit so that the examination 

does not go on forever.  

The density of soil is the weight of the particles per unit volume, which is expressed as 

grams per cubic centimeter. The density will be different for each particle (mineral, 

rock or other solids) depending upon the mineral present and the chemical 

composition. After the preparation of samples the density can be determined as 

follows: 

The density-gradient technique can be used to analyse soil sample in the similar way 

as described for glass. In this case, a density gradient is prepared which covers a 

somewhat broader range of densities. A single density gradient -tube was sufficient to 

analyse glass sample, because unknown and known samples were individually 

recognizable by their microscopic morphologies and could be added to the same tube. 

In case of soil comparisons, however, each sample is composed of numerous small 

particles which could not be distinguished if the samples were mixed. Due to this 

reason, soil comparisons by the density-gradient method require that one gradient 

tube be used for each separate sample, and it is important that each of these 

gradients be made in exactly the same way. A special type of rack is usually used to 

hold these nearly identical gradient tubes. Each is held in a vertical position at the 

same height, and all the tubes are evenly spaced in the rack. The rack arrangement 

helps considerably in making visual and photographic comparisons. Once the 

gradient tubes have been set up and allowed to equilibrate for about 24 hrs, the soil 

samples are added to each thereafter. Various kinds of pretreatments may be applied 

to the soil samples before they are added to their respective tubes. Normally the soil 

samples are dried and gently crushed or pulverized to remove aggregates or caked soil 

as part of the coning and quartering step as mentioned above. More elaborate 

pretreatments may involve the use of washing, sieving, and other preliminary 

fractionation techniques. In any case, it is clearly imperative that all the soil samples 

being compared be treated in exactly the same way. A photograph of a typical density-

gradient comparison of soil is presented in Figure-2. Some of the uniqueness of 

density-gradient patterns of soil is attributable to the fact that they represent more 

than just the density distributions of the individual particles making up the sample.  

Density-gradient patterns characteristic of the specific combination of mineral grains 

present can be obtained if the soil sample is washed to remove the clay fraction before 

the gradient is prepared. Certain detergents are especially useful for this purpose.  
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Ignition Test   

The weighed quantity (one gm) of soil sample from sieve fractions are dried at 1050C 

in an alumina crucible and keep it in a muffle furnace at around 8000C for 1 hour 

and then allow to cool it to room temperature.  Reweigh accurately and record the loss 

in weight and change in colour on ignition. Calculate the percentage of loss on 

ignition and compare it with a control soil sample as follows:    

Initial weight of soil sample taken  = Wo g 

Weight of soil sample after ignition  = W1 g 

Weight loss on ignition    = (Wo- W1) g 

Percent weight loss     = (Wo- W1)/ (W0)  * 100  

  

                   Table 2 Observation of weight loss on ignition 

S.No. Sample 

No. 

Weight 

of 

empty 

crucible 

Before ignition After ignition Percent 

weight 

loss on 

ignition 

      Weight of 

crucible + 

sample 

Weight 

of 

sample 

Weight 

of 

crucible 

+ sample 

Weight 

loss on 

ignition 

  

    x y Wo=y-

x 

z y-z   

    gm gm gm gm gm   

                

1. a - - - - - - 

2. b - - - - - - 

3. c - - - - - - 

 

pH Measurement of Soil Sample   

In order to observe the acid-alkali behaviour of the soil, pH value of soil sample can be 

determined as follows: 

First, standardize the pH-meter with respect to buffers solution of pH 7 and 4. 

Dissolve one gm of soil sample in 100 ml distilled water and stir thoroughly. Filter it.  

Take the filtrate and measure the pH value.  Similarly, measure the pH values for 

control soil sample in the same conditions and compare with suspect soil sample. 

Although the discriminating power of the method alone may be small, but it can be 

very useful as a screening test. 
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         FIGURE-2 Showing comparison of soil samples by density gradient.  

 

Other Methods of Soil Comparison  

Elemental analysis can be a useful parameter in the comparison of soil samples. The 

techniques such as emission spectrography or neutron activation analysis have met 

with limited success. The elemental composition of a soil sample is not as 

investigative as the mineralogical profile. X-ray diffractometry has also been applied to 

the forensic comparison of soils. It is an ideal technique for identifying samples 

composed of pure or nearly pure crystalline materials or for identifying simple 

mixtures of them, but it is less useful with complex mixtures such as soil. In addition, 

the effect of the trace constituents can be lost in the diffraction pattern produced by 

the major constituents. The particle analysis approach using polarized-light 

microscopy is a better way of observing and studying minor crystalline components in 

such a complex mixture.  

Two approaches to the characterization of soil based on its organic composition have 

been explored. Both of them involve the use of gas chromatography (GC). In one tech-

nique, the soil is extracted with a solvent which is then analyzed using a gas chro-
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matograph. In the other approach, a portion of the soil sample is heated in an inert 

gas atmosphere to pyrolyze the organic components. The pyrolyzate (mixture of gases 

produced) is examined immediately with the GC. The pyrolysis and the GC 

separations are carried out in a coordinated way as part of a single technique, which 

is known as pyrolysis-gas chromatography (PGC). Both these approaches have shown 

potential for discriminations in soil comparisons.  

A newer technique, high-performance liquid chromatography (HPLC) would appear to 

be potentially relevant to the characterization and comparison of the organic fraction 

of soils. Most of the organic compounds found in soil are derived from the decay of 

living matter, but they also come from industrial wastes and air pollution.  

Biochemical and biological methods  

Soil sample analysis has an advantage that they can exploit characteristics unique to 

the environment of a particular soil sample. This advantage is shared to a lesser 

extent by the organic approach described above. Biochemical methods applied thus 

far to the forensic characterization of soil have involved the identification and 

characterization of enzymes produced by very large number of microorganisms living 

in the soil. The enzymes present in the soil sample show considerable variation among 

soils from different sources. This approach has been studied quite extensively and has 

shown a good deal of promise. Biological methods for the identification of traces of 

plants and animals can be used in soil characterization. Insect parts, pollens, seeds, 

and plant fragments are examples of things that can be of value in soil comparisons. 

The presence of certain things in a soil sample can also be useful as an investigative 

aid. For example, the finding of a certain moss in a sample would suggest that the soil 

came from a damp, shaded area. Pollens can be particularly useful for developing 

investigative information. Microbiological methods can be used to detect the presence 

and abundance of microscopic plants and animals in the soil. If a detailed 

microbiological profile could be constructed for the sample, preliminary evidence 

indicates that it would be unique for a particular soil sample.  

Suggested Questions 

 Why is soil important as physical evidence? Which principles should be kept in 

mind when collecting soil evidence?  

 What are the methods of collecting soil evidence? What are the advantages and 

disadvantages of each method?  

 What are main properties of soil that can be used for comparison in a forensic 

laboratory? How is a soil sample prepared for detailed analysis in the forensic 

science laboratory?   

 What is a density gradient analysis of a soil sample, and what information can 

be obtained from it?  

 What is a mineralogical profile of a soil sample, and what information can be 

obtained from it?  
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 What are some of the biological and biochemical techniques that can be used to 

compare soil samples?  
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Bear, F. E. (ed.): Chemistry of Soil. American Chemical Society, Reinhold, New York, 

1964 

Saferstein : Forensic Science Handbook, Vol I,II & III, Prentice HallInc. U.S.A. 

Sharma B.R. : Forensic Science in Criminal Investigation and Trials, Central Law 

Agency, Allahabad, 1974. 

Deforest, Gansellen & Lee : Introduction to Criminalistics. 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-5 
 

78 

PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION             PAPER-5 
   CRIMINALISTICS AND PHYSICAL EVIDENCES 

 
LESSON NO. 1.9                AUTHOR : DR. MUKESH KUMAR THAKAR 

 

COMPUTER CRIME 

Overview: 
 Introduction  
 Computer Crime 

 Computer fraud and   
 Computer abuse  

 Computer Crime and Law 
 Penalities 

 Section- 43  
 Section-44 
 Section-45 

 Offences 
 Common Targets of Computer Crime  
 Probable Penetration Points in Computer-Related Crimes  
 Steps involved in Commission of Computer Crimes  

 Planning,  
 Execution,  
 Concealment and  
 Conversion 

 Scientific Aids to Investigation  
 Detection of Computer Crimes  

 Proactive and,  
 Reactive 

 Investigation of Computer Crimes   
 Do  
 Do Not  
 Preventing Computer Crimes  

 

Introduction 
The days of Sherlock Holmes are over. Things around us have changed tremendously 
with ever-increasing flow of information through computers, fax or mobile phones. 
Computers have become an integral part of the fast developing society. Computer 
systems and electronic organizers are replacing paper administrations and diaries. 
Multi-dimensional application has made computers indispensable. It is used in almost 
every sphere of life for example in banking, manufacturing, health care, defense, 
reservation of railway tickets, insurance, scientific research, strategic policy-making, 
law enforcement etc. apart from its routine use as office automation and decision 
support tools. It is certain that computers are going to further revolutionize the 
lifestyles of human beings in number of other ways in the years to come.  
Increasingly computers are linked to each other via networks to transact huge 
amounts of business. Millions of electronic messages traverse daily on the world's 
networks today. Banking networks transfer trillions of dollars/rupees everyday.  
The computer revolution besides having positives, also has a darker side. Most of the 
computer applications are likely targets for traditional crimes including theft, fraud, 
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vandalism, extortion and espionage. They are also susceptible to new threats specific 
to computers and networks such as computer viruses. It has been observed that quite 
often computer users have relaxed attitudes with regard to protecting the computers 
and the information/data stored in the computer files. The insufficient care is usually 
exercised in their physical security as well as the security of software, hardware, 
networking and data etc.  

Computer Crime: 
The term computer crime is broadly used to describe a crime that involves computers 
or other such electronic devices. It is also known as Cyber crime that pertains to 
those crimes which are committed in a network environment, especially on the 
Internet. In fact, cyber crime is a sub-set of computer crime. 
Computer crimes can be broadly divided into  

 Computer fraud and   

 Computer abuse  

Computer fraud 
It is any defalcation or embezzlement accomplished by tampering with the computer 
programs, data files, operations, equipment or media and resulting in losses 
sustained either by an organization or an individual, whose computer system is 
manipulated.  
Computer abuse  
It is the improper use of resources provided by an organization to the individual who 
misuses it.   
Computer Crime and Law: 
The Information Technology Act-2000 was passed, inter-alia, to deal with computer 
offences and crimes. Section- 43 of the Act which deals with penalties runs as under:  
Section- 43 - Penalty for damage to computer, computer system etc.  
“If any person without permission of the owner or any other person who is incharge of 
a computer, computer system or computer network:-  

(a)  accesses or secures access to such computer, computer system or 
computer network.  

(b)  downloads, copies or extracts any data, computer data base or 
information from such computer, computer system or computer network 
including information or data held or stored in any removable storage 
medium;  

(c)  introduces or causes introduction to any computer contaminant or computer 
virus into any computer, computer system or computer network;  

(d)  damages or causes damage to any computer, computer system or 
computer network, data, computer data base or any other programmes 
residing in such computer, computer system or computer network;  

(e)  disrupts or causes disruption of any computer, computer system or 
computer network;  

(j)  denies or causes the denial of access to any person authorized to access 
any computer, computer system or computer network by any means;  

(g)  provides any assistance to any person to facilitate access to a computer, 
computer system or computer network in contravention of the provisions 
of this Act, roles or regulations made there under;  

(h)  charges the services availed by a person to the account of another 
person by tampering with or manipulating any computer, computer 
system, or computer network,  
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he shall be liable to pay damages by way of compensation not exceeding one 
crore rupees to the person so affected”. 

Section-44 provides penalty for failure to furnish information returns etc. which is 

required to be furnished by any person under the Act which may extend up to 1lakh 
and fifty thousand rupee for each such failure. 

Section-45 provides liabilities to pay a compensation not exceeding twenty five 

thousand rupees by a person who contravenes any regulations made under the Act 
for which no liability has been separately provided under the Act to the person 
affected by such contravention. 

Offences  
Chapter XI of the Act deals with computer crimes and provides for penalties for these 
offences. The nature of criminal offences and punishments are given below: 

Sections Nature of offence Punishment 

 
65 

Tampering with computer source code Imprisonment up to 3 years 
or with a fine up to Rs. 2 
lakhs or with both 

 
66 (2) 

Hacking with computer system Imprisonment up to 3 years 
or with a fine up to Rs. 2 
lakhs or with both 

 
67 

Publishing or transmitting obscene 
material in electronic form 

Imprisonment up to 5 years 
and fine up to Rs. 1,00,000/- 
for first conviction.  
Imprisonment up to 10 years 
and fine up to Rs. 2,00,000 
for second subsequent 
convictions. 

 
71 

Misrepresentation or suppression of 
material facts to Controller or 
Certifying Authority to obtain digital 
signature certificate or to obtain license 
to issue certificates. 

Imprisonment up to 2 years 
and fine up to Rs. 1,00,000/- 
or with both 
 

 
72 

Breaching confidentiality of electronic 
documents to which a person has 
access 

Imprisonment up to 2 years 
and fine up to Rs. 1,00,000/- 
or with both 
 

 
73 

Publishing digital signature certificate 
with false particulars 

Imprisonment up to 2 years 
and fine up to Rs. 1,00,000/- 
or with both 
 

 
74 

Creating, publishing or making 
available a digital signature certificate 
for any fraudulent or unlawful purpose 

Imprisonment up to 2 years 
and fine up to Rs. 1,00,000/- 
or with both 
 

Common Targets of Computer Crime  
The most common targets for computer crimes can be: 

 Computers of Military and intelligence agencies may be targeted by their 
competitors.  

 Computers of business houses may be targeted by their competitors.  
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 Computers of banks and other financial institutions may be targeted by 
professional white-collar criminals.  

 Computers of any organization of government or Service Industry may be 
the target of terrorists.  

 Computers of any commercial, industrial or trading company may be the 
target of its employees or ex-employees or competitors.  

 Computers of universities, Scientific Organizations, Research 
Institutions may be the target of students, industrial or business houses 
and other anti-social elements.  

Finally, any computer user can be the target of crackers, who wants to do it 
occasionally for intellectual challenge, for revenge, for unlawful gain or sometimes 
even for fun only.  

Probable Penetration Points in Computer-Related Crimes  
The vulnerability for computer crimes could be related either to the hardware, 
software, data or communications  
Hardware includes the basic computer terminals, printers, modems, storage media 
and other peripherals.  
Software includes operating systems and application programs. Most of the attacks on 
software are on proprietary and menu driven application programs which are meant 
for performing business operations such as accounting, inventory, billing etc.   
Data are the lifeblood of all organizations. When people steal data they are basically 
stealing an asset, just as they do when they steal money or any equipment. Data files 
may be stored on a number of different types of media-skettes, disks, CD-ROM, 
magnetic tapes or even a hard copy.  
Communications take place through network. A network is essentially a wire that 
connects two or more computers together. The Internet is a global interconnection of a 
variety of international networks. Connecting a computer to any kind of network 
inevitably increases the vulnerability of the information stored on it. Therefore, the 
Internet and other large international interconnected networks pose various types of 
problems. Crackers can use one machine on any network to connect to another 
machine rarely in the same network or mostly on another network, often without 
leaving any evidence. Networks also permit users to access a number of different 
services to exchange information, to leave messages or get new programs that are in 
the public domain.  
Steps involved in Commission of Computer Crimes  
Similar to other types of crimes, the modus-operandi consists of four stages in the 
commission of computer Crimes,  

 Planning,  

 Execution,  

 Concealment and  

 Conversion 

1.  Planning:  
Most of the computer crimes are not committed spontaneously, but they are 
cautiously planned, often for extensive periods. For this purpose, the criminal tries to 
acquire certain information about the data entry practices, program listings, system 
documentation, localities of the system data and other details of the system in 
addition to the controls on system access and system security procedures.  
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2.  Execution:  
The execution of computer crimes is entirely different from execution of other crimes. 
The physical presence of the perpetrators is not necessary for committing computer 
crime. There are different methods for commission of computer crimes, by using 
terminals communication channels to gain access or modifying application programs 
or operating systems, or entering extra or modified transaction to an input file, 
physical removal of programs or data, accessing controlled information and copying 
the same, physical action such as arson or theft are not involved at all. 
3. Concealment:  
Once the crime has been committed, the tendency of the criminal is to remove traces 
of crimes as far as possible. There are several ways to hide the crime which includes  

 representing the crime as an error or omission in an otherwise normal 
run.  

 representing a fraudulent transaction as a normal transaction being executed.  

 Modifying an individual account but manipulating the system totals to reflect 
normal result misrepresenting a criminal activity as an error or flaw within a 
system and performing the illegal act in conjunction with an authorized 
activity.  

3. Conversion:  
After the crime has been committed, the immediate problem for the criminal is 
converting those assets into a more useful form. Conversion may take forms such a 
sale of data acquired, destruction of data in cases of revenge. 

Scientific Aids to Investigation : Introduction 
A person is guilty of computer crime of theft of computer services when he deliberately 
accesses or causes to access or otherwise uses or causes to be used a computer 
system with a purpose of obtaining unauthorized computer services. A person is 
guilty of computer crime of interruption of computer services, when he, without 
authorization, knowingly or recklessly disrupts or degrades or causes the disruption 
or degradation of computer services or denies or causes a denial of computer services 
to an authorized user of the computer system.  
A person is guilty of computer crime or misuse of computer system as a result of 
his accessing or causing to be accessed a computer system, who knowingly makes 
or causes to be made an unauthorized display, use, disclosure, or copy in form of 
data residing in, communicated by, or produced by the computer system or he 
knowingly or recklessly or without authorization alters, deletes, tampers with, 
damages, destroys or takes data intended for use by a computer system whether 
residing within or external to a computer system or intercepts or adds data 
residing within a computer system or obtaining money, property or services from 
the owner of the computer system or any third party or knowingly receives or 
retains data obtained in violation of above two clauses or he knowingly uses or 
discloses to another or attempts to use or disclose to another any data he knows or 
believes was obtained in violation of above clauses. The data influences numbers, 
codes, passwords, source codes or any other tangible information.  
A person is guilty of computer crime of destruction of computer equipment when he, 
without authorization knowingly or recklessly tampers with, takes, transfers, 
conceals, alters, damages or destroys any equipment used in a computer system or 
knowingly or recklessly causes any of the foregoing to occur. 
Detection of Computer Crimes  
The computer crimes can be detected by two types of methods:  
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 Proactive,  

 Reactive 

Proactive measures  
These measures usually detect crimes before or while they are being committed. To 
protect the physical facility standard equipments like burglar alarms or software 
intrusion alarms are required to be installed. For the protection of system intrusion 
detection software that notifies the system operator or Security Officer that an 
intrusion, into the system has began should be installed. Such software may also 
notify the concerned authorities that someone within the system is trying to access 
information for which he is not authorized to access. Many systems keep track of 
login attempts-successful or unsuccessful and some also notify to the operator or 
Security Officer when someone attempts to enter the system by repeatedly entering 
the wrong password.  
Reactive measures  
These measures are designed to detect ongoing crimes or crimes that have already 
been committed. Such measures include performing regular audits of the system and 
sudden checking the system logs generated automatically by the system.  
Whenever a computer crime has occurred, the first thing to do is to form a core team 
connected with the administration and operations. The team should include 
managerial, technical, financial and system analysis personnel. At a later stage, the 
internal security personnel and Law Enforcement Officers can also be associated. In 
some cases, the intruder can be caught right when someone is operating the system. 
In such cases the first step should be to disconnect the modems and network at the 
earliest. Alternatively, one can also attempt to trace the connection even while the 
intruder is on-line in which case there is a fair chance of tracking him down. This will 
sometimes be a safer alternative to covertly monitor the computer's actions without 
the knowledge of the intruder. Sometimes one can actually engage the intruder in 
conversation using system functions like UNIX's 'Write and talk' commands.  
There are various ways to trace the intruders. The log files may indicate the terminal 
and line numbers from which the intruder is connected to your system. By finding out 
what system the intruder is coming from, there is a possibility to trace him. Many 
standard features in most operating systems, for example, 'finger' in UNIX allow us to 
discover information about the users who are logged into the system, from what 
terminal number they are logged in, what system or network connection they are 
using, what programs they are running, what files they are accessing and so on. 
There are several software packages which will allow us to find out all this information 
apart from being helpful in discovering what account the intruder is using and what 
he is doing.  
Similarly, there is also some equipment that can help us monitor and trace the 
intruders.  
Some of this equipment simply records the session so that one can monitor an 
intruder's activities and the output provides evidence for prosecution. For example, by 
installing serial line analyzers, recorders and printers on all incoming ports and by 
installing software such as MILTEN Spy and then by using PCs to monitor this 
equipment,' one should be able to capture everyone of the intruder's keystrokes, 
including passwords, file names and so on. Other equipment such as the pen 
registers, dialed number recorder and trap and trace devices can actually be used to 
trace the physical connection. Source address loggers and software version of these 
devices are useful to log the network addresses of originating communications.  
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Sometimes one can even bait a trap for an intruder either to keep one on line or to 
attract one in the first place. This may also give an indication that the same intruder 
is responsible for repeated break-ins into the system time after time, looking through 
files possibly in search of particular information. However, use of such bait and 
tracing 0: hackers may have legal implications.  
Investigation of Computer Crimes  
Crime investigator has to be fully conversant with the type of physical evidence 
normally available in the traditional crimes. Computer crimes require knowledge 
beyond the expertise of most Investigating Officers. It would, therefore, be good to 
form an investigating team to carry out computer crime investigation involving 
personnel having special skills and expertise.  
The investigation should begin with a careful check of all records such as computer 
system documentation, system logs, background and optional information about 
organization and its personnel. If a suspect has been identified-it would be easy to 
find out the equipment which the suspect has used to commit the crime and the 
depth of his expertise. Telephone records may also prove to be valuable. Investigation 
should also cover a search for the details of electronic media, equipment and 
communications used by the organization. Informants may be able to provide valuable 
information about the potential suspects and their activities apart from identifying the 
equipment used to commit crime and the co-conspirators and other associates. Both 
physical and electronic surveillance of a suspect may help to validate information 
received from the informants. If telephone access, codes have been used during the 
crime, use of pen registers or dialed number recorders may help in gathering relevant 
documentation.  
The investigating team should have a special purpose evidence collection kit 
consisting of diskettes for the storage of files copies from the computers being 
searched, cassette tape drives or hard disks for mass copying or back up of contents 
of hard disk, a set of utilization computer programs to retrieve and copy data files, 
operating manuals and instructions for various operating systems :- 

 programming languages,  

 computer stationery for the printers,  

 sterile operating system disk (which are free from risks of data getting 
corrupted when crackers program their disk in such a way if, someone 
else boots the system all evidence will be destroyed),  

 pen registers that can be used to download codes and numbers stored in 
the resident memory of the computer,  

 modern or programmable telephone,  

 camera equipment to videotape and photograph the scene, an anti-virus 
program to protect the system under investigation from any possible 
contamination by any other tool used by the Investigator and a set of 
adhesive colour labels, evidence tapes, seals, packing material, marking 
material, tags and so on.  

It is always advisable to collect all relevant material from the scene of crime including:  

 All hardware and software found at the scene  

 Use computer diskettes, tape and other storage media.  

 All documentation found at the scene.  

 All the peripheral equipment including printers, modems, cables etc. 

 Any discarded documentation, printouts, printer ribbons and trash 
collected from waste bins.  
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The Investigating officer should, however, follow certain guidelines in handling the 
potential evidence. Following are some do's and don'ts:  

Do 
Record the scene with Videotape to document the system configuration and the initial 
condition of the site on your arrival and the condition of the equipments you see.   

 Photograph the equipment with its serial number, model number and wiring 
schemes.  

 Label all evidence so that the cables and other equipment can be reassembled 
in the same exact configuration.  

 Write-protect all diskettes at the scene and make sure that they are labelled.  

 In case of a mainframe computer, secure the equipment and determine relevant 
parts of hardware and software that require close scrutiny and then collect the 
same.  

 Connect a dialed number recorder to telephone or auto dialer for tracing the 
intruder. Place an outgoing call recorder through each auto dialer or telephone 
number storage board and obtain a printed record of the stored telephone 
number or telephone access code within the resident memory.  

Don'ts  
 Disconnect the power before evaluating the overall problem.  

 Touch the Keyboard (as far as possible).  

 Change the computer's current state (do not abandon the program).  

 Disconnect the telephone or auto-dialer from its source.  

Preventing Computer Crimes  
Preventive measures should be initiated by the computer user to make it difficult for 
possible criminal to penetrate the system.  
There should also be a set of detection tools to identify instances where the preventing 
tools cannot safeguard the system.  

First of all, all threats which are expensive and critical should be 
prevented.  
They are:  

 High visibility threats which could cause serious damage to the image of 
computer organization 

 Large loss threats having potential to cause great financial distress to 
the organizations  

 Disruptive threats which could stop or disrupt the effectiveness of the 
organization.  

 Habit forming threats which may lead the criminal from smaller to bigger 
crimes,  

Counter Measures for Prevention of Computer Crimes  
Countermeasures should be initiated at the earliest and should be aimed to attack 
planning, execution, and concealment and conversion stages of computer crime. Some 
of these steps are listed as follow:  

 Recognize the potential perpetrator and points of penetration.  
 Find out the magnitude of the risks for each type of threat. 
 Categorize the most probable threats  
 Finally select various method of prevention like internal controls, audits, 

security force and Surveillance etc. 
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Internal Controls:  
These can include access controls, accountability, audit trails, follow-up of error 
message, anticipation controls, data validation, output controls etc.   
Audit:  
Auditing includes promoting a strong audit image, performing surprise audits, 
adopting audit procedures for electronic data processing, designing systems with 
built-in audit checks, risk analysis studies and periodical reviews.  
Security Force:   
This would secure the physical safety of the personnel as well as equipment and the 
safety of the data. Some of the safety measures would include posting of sniffer dogs, 
security of the physical area installation of close circuit cameras, sensors, TV 
monitors, warning signs and using security software having password protection, 
access control, virus check, copyright protection etc.   
Surveillance:  
Other most effective ways for first line supervisors to foster an anticomputer crime 
environment include detecting and reprimanding employees for every minor policy 
violations, detecting breaches of control functions or security procedures, creating an 
environment for which computer crime is difficult to perform and counseling the staff 
on matters like integrity, loyalty and consciousness.   
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PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION             PAPER-5 
   CRIMINALISTICS AND PHYSICAL EVIDENCES 

 
LESSON NO. 1.10                AUTHOR : DR. MUKESH KUMAR THAKAR 

 

Collection, Packaging and Transportation of Digital Evidences 

 

Introduction: Computer was initially designed as a calculating machine but with 

the advancement of technology computers are now used every field of life. More than 

80 % of its work is non-mathematical [1]. Where computer as a machine, has 

increased the efficiency of human in performing various tasks, it has also increased 

the threat to human life as well. Computer Science has developed so much that 

computer programming has entered the field of defense where weapons are 

programmed by computer instructions to launch and aim the targets a distant places. 

Also with the increase in literacy of computer, the crime in society has also changed 

tremendously. In old times, different weapons and tools were used to commit crime 

but in the present time tools have changed. In robbery cases where weapons like 

pistols were used, computer has made such crimes very easy to commit by use of 

internet that too without reaching the place.  

With increase in technology, it has become difficult for investigative agencies to 

understand the crime which leads to various problems like searching of evidence, 

seizure of evidence, procedure used to seize the digital evidence, preserve, packaging 

and transportation of evidence for further analysis. As a rule in forensic science 

ANALYSIS CAN NEVER BE BETTER THAN EVIDENCE COLLECTED  

Analysis of any evidence depends on the process and procedure of collection, 

preservation, packaging and transportation whether dealing with chemical, biological 

or digital evidence.  Better sample collection procedure adopted will lead to easy 

analysis and better results are obtained. Proper sampling procedure and maintaining 

chain of custody is a great help to forensic or computer experts to give report on 

analyzed evidence beyond any doubt.  

Digital evidence encountered in Forensic analysis may range from a small SD memory 

card to large mainframe computer. Sometimes it becomes difficult to establish the 

scene of crime as computer crime also involve internet where a crime has been 

committed by a criminal from any other country[2] in that case which will be the crime 

scene i.e the place where crime has been committed (say India) or the place where 

criminal is sitting (Foreign country).   

In computer crimes following types of evidences may be found: 

A. Full computer system: Desktops, Laptops, Mainframe computers etc. 

B. Computer peripherals: printer, scanners, digital pens, digital pads etc. 

C. Computer’s secondary storage devices: External hard drives with varying 

storage capacity, USB pen-drives (Flash Drives),  
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D. Optical disks: CDs, DVDs etc. 

E. Mobile Phones: with inbuilt memory and removable storage media. 

F. Mobile Phone Accessories: SD Memory cards with variable storage space, USB 

cables. 

G. Cameras: analogue or digital. 

H. PDAs (Personal Digital Assistant): Palm laptops, smart phone, ipads etc. 

I. Connecting cables: VGA (Video Graphics Array), DVI (Digital Visual Interface), 

HDMI (High Definition Multimedia Interface), USB (Universal Serial Bus), IDE 

(Integrated Drive Electronics), SATA (Serial Advanced Technology Attachment), 

eSATA (External Serial Advanced Technology Attachment), FireWire, Ethernet 
[3]

. 

J. Internet Devices: Modems, Routers, Switches, Access Points, Repeaters, Hubs, 

Bridges [4]
. 

It is not possible every time that all the evidences are collected from the crime scene 

due to some limitations like investigating officer cannot collect all the internetworking 

devices (except personal modems in a house) as the collection of internetworking 

devices may choke the internet connection of whole organization. Therefore 

investigating officer must collect those exhibits which have the potential to carry 

evidences related to the crime. Unrelated exhibits only increase the number of packets 

and add work load to the experts which may lead to the wastage of time, resources 

and energy of the experts. Investigating officer must have knowledge about the 

exhibits and their potentials in investigation related to cases.  

Searching of digital Evidence: Traditional methods of searching like spiral search 

method, grid method, strip search method and quadrant search method [5] are not 

effective in searching evidence at the computer crime scene as the crime scene can be 

as small and simple as a room where searching is quiet easy and as large as the 

universe (via internet) where these search methods are not applicable at all. These are 

effective only when the searchers have the knowledge of digital evidences and their 

evidentiary value in solving the crimes. These days, fascination along technology has 

changed the shape and scope of evidence. Data carrying devices are manufactured in 

different shapes like pens, pens-caps, key-rings, small toys, heart shape pendants 

and many more shapes which are beyond thinking so while searching evidence at 

crime scene one should caste suspicions on all the objects lying around the computer 

system. 

Documentation of crime scene: Like the other physical crimes documentation of 

the computer crime scene and exhibits present at the scene is foremost and initial 

step of investigation. Whole scene must be properly documented and recorded by 

using different methods like photography and videography. Videography becomes 

more important than photography in cases where a running computer system is 

encountered in a scene. 
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Documentation of computer crime scene must start before entering the crime scene. 

After documentation of the full scene of the crime, exhibits must be photographed and 

videographed individually. When a running computer is encountered never try to shut 

down the computer.  Running system must be recorded and documented whether any 

program or software is running. It must be sketched, photographed and videographed 

to show what is present on the screen along with the activities that were used to 

check the running status of the computer like minimizing of open windows, 

maximizing of minimized windows etc. in a computer system. Video recording is 

essential to show that none of the person among the investigating team has done 

wrong with the system and the exhibit is collected with its integrity maintained. As a 

common proverb A LITTLE KNOWLEDGE IS A DANGEROUS THING, the temptation of 

investigating officer or any of the team members having little knowledge of computer 

hardware/ software can spoil the evidentiary value of the exhibits so patience is the 

key to handle computer crime scene and personal knowledge should not be applied to 

exhibits.  

Handling and seizure of evidence: “Good practice Guide for Computer Based 

Electronic Evidence”[6] was prepared by The Association of Chief Police Officers of 

England and Wales which contains 4 principles for handling and processing of 

computer evidence which are as follow: 

Principle 1: Evidentiary data held on any digital device must not be altered by 

anyone which is subsequently be used in court trials as clue material in a case. 

Principle 2: Whenever the original data is required to access, it must be handled by 

the competent persons who are able to explain the relevance of their actions. 

Principle 3: Record must be maintained about the tools and techniques used on the 

digital evidence while analyzing and the same must be preserved. Any third party 

analysis of the same evidence must give same results. 

Principle 4: The case in-charge must bear the overall responsibility to check that all 

the laws and principles are being followed at every step while analyzing the digital 

evidence. 

After documentation of scene and exhibits now it’s the turn to collect and label them 

properly.  

1. All evidentiary materials: Like other crimes, it is advise-able to wear gloves 

while collecting evidences from a computer crime scene because fingerprints are also 

evident in such crimes and are very useful to prove in determining last user of the 

computer system. In such cases investigating team members can deposit their own 

finger-prints on key-board, mouse etc. which can completely damage or hinder in 

fingerprint development and analysis process. Like fingerprints, other physical and 

biological evidences should also be kept in mind while collecting exhibits as the users 

may leave their hair, sweat on the keyboard and other computer peripherals also. 

These evidences can also give a lead to reach the criminal. Such evidences must be 

labeled and packed in separate polythene bags or wrap in news-papers, filter-papers 
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and the packed in card-boards keeping in mind that secondary evidence present on 

the peripherals must not lost. 

2. Screensaver: Screensaver is just an inbuilt program in the Windows operating 

system which is visible on screen when a user is not using the system. Such 

screensavers should be documented and should be treated with suspicion [7] as they 

can trigger any other program which can be harmful for the data present in the 

computer like trigger to a virus program or a program which can format or wipe the 

hard-disk completely. So it is advise-able to seek help from forensic computer expert 

before changing the state of screensavers. 

3. Full Computer System (Stand alone): When a running computer is encountered 

in any case most of us may use the simple process to ‘Shut’ down the computer as we 

do with our own PC. But this is not at all recommended in computer crime cases. 

‘Shut down’ process of any computer operating system is normally a set of computer 

instructions (computer program) which leads to saving all the open documents and 

running programs to the hard disk of the computer in a safe manner. But in forensic 

cases, system should be collected in its present state in which it is encountered and 

‘Shut-down’ process leads to number of changes in the hard disk which may raise 

question on the integrity of the exhibits in the court-room. Moreover the coding of 

‘Shut-down’ process can be modified by the expert criminals to damage the evidence 
[7]. So the computer should be shut down by pulling the power supply plug directly 

from the main socket fig. 1 (IF UPS IS NOT ATTACHED).  

 
   

Fig. 1 Showing power supply plug directly from the main socket.  

 

If the system is attached with the UPS (uninterrupted power supply), then it is 

recommended that the system must be deprived of power supply by removing power 

supply cable from the CPU itself or as near as possible (Fig. 2). Because the UPS 
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supplies power to the computer and sends a message to the computer that power cut 

has occurred and helps to trigger the process of clean save and minimize the lose. 

After shutting down the computer, all the peripherals and connecting cables must 

again be properly labeled and documented which may help to re-assemble the system 

in later stages. One must not forget to collect diaries, notebooks lying near the 

computer systems as these may contain some passwords or other important data in 

it. 

Systems with internet connections are very complicated to handle and deal with. 

Above mentioned instructions must be followed along with some special precautions 

like system disconnecting the system by switching off the routers or other networking 

devices so that if any illegal activity is in process through the network can be halted 

and further loss of data and resources can be prevented.  

 

      
 

Fig. 2a     Fig. 2b 

Fig. 2a showing cables connected to CPU and Fig. 2b showing the Power Supply Cable 

 

4. Mobile phones and their accessories: Today the communication system has 

improved a lot and the communication devices such as mobile phones have become 

cheap and are affordable to everyone. Mobile phone use different technology and 

operating systems like symbion based, java based, androids, various versions 

jellybean operating systems etc which have increased their working capability. Mobile 

phones have inbuilt features to use internet on these devices and such devices are 

constantly being encountered in crimes like cheating in examination hall, making 

obscene videos, fake calls, extortion calls etc. Number of cases in which mobile is 

encountered as evidence are more in laboratories as everybody is having mobile and is 

affordable to get a mobile with dual sim-card facility, in-built camera, large storage 

capacity, cheaper communication facility etc. Mobile phones when encountered in 

crime cases must be deprived of power by removing their batteries. One major mistake 

that I/Os can make is that they capture the mobile phones but they never try to 
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capture different passwords that lock various applications and restrict the experts to 

access various areas of the mobile memory. They send mobile phones to various 

Forensic Science laboratories for the analysis without the original password with a 

view that forensic experts either can access mobile data without the passwords or can 

crack the passwords. It is necessary for the I/O to send the original passwords of the 

mobile device because not all the laboratories may have the facility to crack 

passwords and another reason is that the password cracking process may result in 

total loss of data as the password are meant for the protection of data. Such rigorous 

passwords or programs are available and can also be designed which either 

completely restrict the entry of intruder to the data or destroy the complete data when 

different anonymous passwords are tried. Passwords are of different types for different 

mobiles. Earlier there were passwords which contain alphanumeric characters but 

now-a-days patterned passwords are also available which are more difficult to guess. 

A mobile phone can bear more than one password and may take time to crack which 

leads to wastage of expert’s time and resources.  

While capturing a mobile phone, all the available accessories of mobile phone along 

with the sim-card(s), memory card(s), data-cables if available should also be collected 

with proper labeling and documentation.  

Package and Transportation of digital evidences: Once the documentation is 

done properly then the exhibits are packed differently. Mouse and keyboard can be 

packed in one box after wrapping in filter-papers or newspapers to prevent friction 

and loss of secondary evidences on them. CPU should be packed in robust box having 

cushion all around as it has light weight delicate silicon chips, RAM and motherboard 

which may get damage while transportation. External hard-disk should also be 

packed with cushion as it contains number of electromagnetic coated platters and 

delicate read-write heads mounted on both sides of the platters of the disk on which 

data is stored. So the hard disk should be prevented from sudden jerks which may 

lead to mechanical chocking of the platters. Touch screen monitors must be packed 

with cushion and must be prevented to touch the sides of container or box. All the 

exhibits are properly packed and sealed along with the stamp or seal of the I/O. A 

specimen of stamp/seal is also sent to the laboratory. 

Chain of custody: I/O must make full record of Chain of custody demonstrating 

when and from where the exhibits were collected, by whom it was transported from 

scene of crime to laboratory and from laboratory to court room to establish the 

integrity of the exhibits [8]. 

Analysis of digital evidences: Analysis becomes much simple when proper 

documentation is submitted along with the exhibits. Once the exhibits are received in 

a laboratory they fill a ‘case acceptance or rejection form’. If the case is accepted by 

the laboratory then ‘case opening sheet’ is filled by the respective division. After the 

acceptance of a case, the parcels are photographed and then opened to take out the 

exhibits out of the parcels and again photographed collectively to show the number of 



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-5 
 

93 

exhibits present in one parcel. These exhibits are marked with exhibit numbers 

separately and again photographed from one or more side/angle to show the 

logo/serial no. of manufacturing company and the exhibit number marked by the 

experts. Exhibits are marked by using different codes like mobiles can be marked as 

M1, M2, M3 ….. etc., sim-cards can be marked as S1, S2, S3…..etc. and memory-

cards can be represented as MC1, MC2, MC3….etc. After documentation the analysis 

of exhibits starts one by one. Different tools are used to for analysis. Some of them are 

as given below: 

Tools for Mobile data analysis:  

1. Cellebrite’s UFED: Universal Forensic Extraction device. 

2. Lantern 3 

3. Secure View 3 

4. AccessData's MPE+ 

5. FINALDATA’s FINALMobile Forensics 

6. Logicube’s CellXtract etc [9]. 

Tools to analysis Hard Disk Data: 

1. FTK: Forensic Tool Kit 

2. EnCASE 

3. X-Ways Forensics  

4. Proof Finder [10] 

Above given tools are used as per the requirement and before starting actual analysis 

of the digital devices one or more copies are to be prepared from the original device for 

analysis. It is never advise-able to perform analysis directly on the original device. The 

whole analysis is done on the copy of the digital device as the analysis may result in 

changing the data or may end-up with the total loss of data. 

The quality of these tools is that they provide good results with significant information 

and can recover deleted data also which can be highly valuable to the case. All the 

above given tools authenticate the data by giving a hash value. If the hash value of 

original and copy is same it indicated the perfect replica of the original data [11]. When 

the data is recovered from the digital devices the data is authenticated by providing a 

hash value in the final report. This hash value is used to compare the original device 

data to its subsequent copies. Hash value is a unique number which is assigned by 

the above given tools to the data recovered from the exhibits and this hash value must 

remain same while making its copies and subsequent analysis. Hash values are given 

in two formats: MD5 (Message Digest 5 algorithm) and SHA1(Secure Hash Algorithm). 

If the hash value of data is changed it is the proof of tempering with the data or the 

device. This hash value is so sensitive that it gets modified if even a single blank space 

is introduced to the data.  

After the completion of analysis, a ‘case closing sheet’ is filled by the expert which 

contains information about the number of exhibits, type tests or analysis performed 

and observation of the expert. Then a written intimation is sent to the concerned 
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police station requesting the police station to depute the investigating officer/special 

messenger who must carry an authority letter with his signature duly attested to 

collect the report along with exhibits of the case from the Laboratory.    
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LESSON NO. 1.11          AUTHOR : DR. MUKESH KUMAR THAKAR 

 

EVALUATIONS OF FIREARM EVIDENCE 

 

1.11.1 MATCHING AND IDENTIFICATION 

       1.11.1.1 INTRODUCTION  

      1.11.1.2 BASIS FOR IDENTIFICATION  

    1.11.1.3 CLASS AND INDIVIDUAL CHARACTERISTICS  

        1.11.1.4 IDENTIFICATION OF FIRED CARTRIDGE 

               1.11.1.4.1 Firing pin Marks 

               1.11.1.4.2 Breach face Marks 

               1.11.1.4.3 Chamber Marks 

               1.11.1.4.4 Extractor Marks  

               1.11.1.4.5 Ejector Marks  

         1.11.1.5 IDENTIFICATION OF BULLET 

         1.11.1.6 IDENTIFICATION OF THE PELLETS 

        1.11.1.7 TEST FIRING 

1.11.2 RECONSTRUCTION 

 1.11.2.1 SCENE OF OCCURRENCE  

 1.11.2.2 PHOTOGRAPHS OF THE SCENE  

 1.11.2.3 CLOTHES OF VICTIM  

 1.11.2.4 MEDICO LEGAL REPORTS  

 1.11.2.5 ARMS AND AMMUNITION  

 1.11.2.6 RANGE 

1.11.3 RANGE AND TIME OF FIRE 

 1.11.3.1 RANGE OF FIRING 

           1.11.3.1.1 Muzzle Pattern 

               1.11.3.1.2 Contact Wounds 

1.11.3.1.3 Scorching 

1.11.3.1.4 Blackening 

1.11.3.1.5 Non-Volatile Products Of Combustion    
1.11.3.1.6 Powder Tattooing/Deposits 
1.11.3.1.7 Metallic Residues 

1.11.3.1.8 Wad Distribution 

1.11.3.1.9 Pellet Pattern 

1.11.3.1.10 Injuries 
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1.11.3.1.11 Marks 

 1.11.3.2 TIME OF FIRE 

1.11.4 PROPOSED QUESTIONS 

1.11.5 SUGGESTED BOOKS/REFERENCE 

1.11.1 MATCHING AND IDENTIFICATION 

1.11.1.1 INTRODUCTION  

Identification of the firearms which fired the incriminating cartridge, bullets and other 

projectiles is one of the most important aspects of forensic ballistics. The 

identifications, like finger prints, are positive in most of the cases. They have great 

evidentiary value in linking the criminal with the crime. 

1.11.1.2 BASIS FOR IDENTIFICATION  

All these parts of a firearm are made of steel. During their manufacture they undergo 

processes like cutting hammering, reaming, grinding, filing and polishing. Various 

tools are used in their manufacture. The finished surfaces of firearms after 

undergoing such operations are never alike even when the two surfaces are made with 

the same set of tools, one after the other. The microscopic details of nicks and 

depressions are always individualistic in nature. When a firearm is discharged, the 

cartridge case comes in contact with the (I) firing pin, (II) The breech face, (III) The 

extractor, (IV) The ejector and (V) The chamber. Similarly projectiles come in contact 

with (I) leed and (II) Barrel. 

When a cartridge is fired, this pattern of nicks and depressions is imprinted on the 

fired ammunition from those parts of firearm which come in close contact with 

projectiles and shells. It permits the identification of the firearm in the same way as a 

thumbprint individualizes and identifies a man. The individuality of each firearm is 

now universally recognized.  

1.11.1.3 CLASS AND INDIVIDUAL CHARACTERISTICS: The (I) position, (II) 

size and (III) shape and depth of the firing pin, breech face, the extractor, the ejector 

and the chamber marks on a cartridge indicate class characteristics. Finer details of 

all these marks constitute individual feature. 

In a fired bullet, the (I) caliber, (II) the number (III) the width, (IV) the depth, (V) the 

direction and (VI) the pitch of the grooves and the lands form class characteristics. 

Finer details in the lands and grooves are individual characteristics of the firearm. 

Firearms of the same make and model imprint common class characteristics on the 

fired ammunition. Firearms of different makes and different models imprint different 

class characteristics. Class characteristics are useful in quick eliminations. They 

indicate the nature and the possible make of the firearm used. The class 

characteristics are very useful when there are a number of suspected firearms. 
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Individual features are always different i.e. no two firearms have the same individual 

characteristics. 

1.11.1.4 IDENTIFICATION OF FIRED CARTRIDGE 

The cartridge when fired, come in close contact with relevant parts of the firearm. The 

parts imprint their negative facsimile on the cartridge case.  

1.11.1.4.1 Firing pin marks : the firing pin strikes the cartridge on the percussion 

cap and imprints its marks. The impact explodes the cap composition, the high 

pressure developed presses the case against the firing pin, and clarity of the firing pin 

is thus enhanced. The firing pin marks alone permits the identification of firearm in 

about 95% cases. 

1.11.1.4.2 Breach face marks : The surface of the action block surrounding the 

firing pin is called the breach face. On firing, the gases push the cartridge case 

against the breach face; which imprints its negative profile on the cartridge base. The 

breach face profile is highly characteristics. It alone is sufficient for the identification 

of the firearm used, if the imprint of the profile on the base of the cartridge is clear 

and sufficient.  

1.11.1.4.3 Chamber marks : Some defects or some deposits in the chamber imprints its 

negative profile on the tubular portion of the cartridge case, when it develops pressure on firing, 

and oversized cartridge case may also tend to get imprinted with chamber marks. The chamber 

marks permit the identification of the firearm from the fired ammunition like the other marks. 

1.11.1.4.4 Extractor Marks : Extractor marks may permit the identification of the 

firearm whenever they are imprinted clearly. The Extractor marks help in fixing the 

orientation of the cartridge in the chamber. 

1.11.1.4.5 Ejector Marks : In the automatic and semiautomatic firearms, the ejector 

marks imprinted on the cartridge cases are frequently identifiable and link the fired shell with 

firearm.  

1.11.1.5 Identification of bullet 

The bullets receive marks from the barrel. Land of the barrel engraves grooves on the 

bullets. The grooves of the barrel may also scrap the surface of the bullet. The marks 

on the lands of the projectile are the results of the scrapping e.g. a bullet fired from a 

conventional 6/right rifled barrel will have impressions on it like those seen in the 

image below: 

 

 

Figure 1 : Rifling impressions on bullet (Ref. www.firearmID.com 
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The widths of the lands and grooves can be measured as there are distinct edges 

between a land and a groove impression. The rifling pattern in the barrel that fired 

a particular bullet can be determined by counting the number of groove or land 

impressions around the circumference of the bullet. The direction of the 

impressions (either left or right) determines the direction of twist. Then the next 

step is to examine the rifling impressions on the bullet. 

1.11.1.6 Identification of the pellets  

The surface character of the firearm, scratches themselves on the surface of pellets. 

These impression on the surface of the pellets are the thumbprints of inside surface of 

barrel. The projectile charge of a shot gun cartridge, ordinarily, moves in a barrel in 

the form of a compact cylinder. The buck shots or pellets are intended to maintain 

their position in the cylinder during their passage to the barrel. If there are no internal 

movements of the pellets, only one segment of the barrel starches the tel-tail marks 

on one projectile from the chamber end to muzzle end.  

1.11.1.7 Test Firing 

Purpose of test firing 

1. To ascertain whether the firearm is in working order or liable to 

accidental fire. 

2.  To obtain test cartridge cases and test fired bullets for linkage. 

3. To obtain test targets for range determination (also angle of fire/ direction of fire). 

Apparatus and other items:     

Two Cotton filled Steel Walled Boxes (one for Bullet Recovery and other for Normal 

Test Firings), Gun Mounting Table, Targets (Paper, Cardboard, and Cloth etc.), Rope, 

Safety Kit, and Marking Tool. 

Procedure: 

1) To ascertain whether the firearm is in working order or liable to 

accidental fire 

a) Mount the firearm on the gun-mounting platform and set the system for 

firing. 

b) Fire appropriate ammunition from each barrel into cotton filled box 

observing safety rules  

c) For improvised firearm, cartridges are test fired without propellant and 

projectile. 

2) To obtain only test cartridges for linkage 

a) Mount the firearm on the gun mounting platform and set the system for 

firing observing appropriate safety measures. 

b) Fire at least two appropriate ammunition preferably of the same make 

and lot from each barrel and from each firearm into the cotton filled box 

and obtain test cartridges cases/ bullets. 

c) For improvised firearm, cartridges with reduced charge/without charge 

are fired for safety purposes. 
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3) To obtain test targets  

i) For Close Range Estimation  

a) Mount the firearm on the gun mounting platform and set the system for 

firing observing appropriate safety measures. 

b)  Mount suitable similar inanimate targets in front of the bullet recovery 

box. 

c) Fire at different suitable distances to obtain corresponding pattern on 

the test targets. 

d) Fire at least two rounds from the distance which provides corresponding 

pattern. 

ii) For Shot Pattern  

a) Mount the firearm on the gun mounting platform and set the system for 

firing observing appropriate safety measures. 

b) Mount cardboard targets affixed with white paper.  

c) Fire at different suitable distances to obtain corresponding pattern on 

the test targets. 

d) Fire at least two rounds from the distance which provides corresponding 

pattern. 

1.11.2 RECONSTRUCTION 

Reconstruction in shooting cases is assuming ever-increasing importance. This is 

mainly due to the fact that the linkage of the fired ammunition in respect of the 

firearm is often definite and beyond doubt. The defence, therefore, tries to show that 

the shooting was in self-defence accident or suicide rather than a murder. 

Any reconstruction of a crime scene must satisfy the following questions –  

a. Is the given reconstruction in accordance with authentic observed facts? Do the 

exhibits- firearm, shells or projectiles and their location fit in the given version? 

b. Is the version consistent with the ballistics of the firearm and ammunition 

used? 

c. Do the scientific, oral and medical evidence and findings of the police support 

the same hypothesis? 

d. Does the reconstructed version fit in with the photographs of the scene taken 

immediately after the occurrence? 

1.11.2.1 Scene of Occurrence – The scene of occurrence is always important in 

the reconstruction of sequence of events. Scene is often illustrated by sketches with 

correct measurements of the position of various evidentiary clues that helps in 

understanding its topography.  

1.11.2.2 Photographs of the Scene – Photographs of the scene from different 

angles should be taken, before anything is touched or moved. These photographs 

showing the condition of the scene, the dead body and other significant evidences 

would help in reproducing the scene in future. The photographs should include the 

position of the firearm, cartridge cases, bullets etc., in relation to the dead body.  
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1.11.2.3 Clothes of Victim – In shooting cases, the clothes of the victim carry 

important information. They indicate the number of entrance and exit wounds, the 

range of fire, the height and possibly the direction of the fire.  

1.11.2.4 Medico legal Reports – A medico legal report is one of the most 

important items in the reconstruction of crime. It establishes the number of shots, 

range, direction of fire and nature of arms and ammunition used. 

1.11.2.5 Arms and ammunition – The examination of arms and ammunition is 

essential in the reconstruction of crime scene. It provides linkage of the fired 

ammunition and the firearm. 

1.11.2.6 Range – The pattern of scorching, blackening, tattooing deposition of metal 

particles and dispersion of pellets can be illustrated. The test patterns are obtained on 

filter paper targets.  

1.11.3 RANGE AND TIME OF FIRE 

The range of fire and the time of fire are important determinations in the evaluations 

of occurrences involving shooting cases. 

1.11.3.1 RANGE OF FIRING 

The determination of the range of fire is possible if proper photographs, sketches, 

description of the injuries, the suspected firearm and the ammunition similar to the 

one used in the commission of crime are available. Fairly accurate estimate of the 

range can be made. 

The following evaluations are helpful to determine the range of the fire: - 

1.11.3.1.1 MUZZLE PATTERN 

When a firearm is pressed against the target and then discharged, the muzzle of the 

firearm leaves its imprint on the target. Muzzle pattern, indicates a contact wound. 

The contact wounds are usually observed in suicide cases but they are also seen in 

some murder cases. 

1.11.3.1.2 CONTACT WOUNDS 

When the firearm is fired in hard or loose contact position with the body, the entire 

ejecta i.e. projectiles, wads (if any), smoke, burnt, semi-burned or unburned powder 

particles and hot gases enter into the target. No burning, blackening or tattooing 

phenomena may be observed around the entrance hole in most of the cases. In those 

cases where there is no space for the expansion of the gases inside (for example 

between the skull, bone and outer skin), the ejecta come out through the entrance 

hole and in the process often tear the skin around the entrance hole. A star-shaped 

wound, with everted edges, is formed. It happens in contact head injuries. 

1.11.3.1.3 SCORCHING 

The scorching of the target is on account of the high temperature of the gases when 

they impinge on the target. It is a sure sign that a firearm has been fired from a close 

range. Scorching with service rifle may occur up to 6 inches and with a pistol or 
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revolver, upto2-3 inches. The scorching is limited to a maximum of 1 foot for all 

firearms using smokeless-powder. 

1.11.3.1.4 BLACKENING 

The shots fired from close range caused the blackening around the wound by the 

deposition of smoke by all types of propellants. Blackening is caused by the deposit 

made by dirty powder gases. More blackening is observed in case of black powder 

than in case of smokeless powder. It can be differentiated from scorching by the fact 

that blackening can be wiped but scorching cannot be wiped. Blackening can occur 

with a service rifle up to 9 inches and with a pistol or revolver up to 6 inches. 

Blackening range, with handguns firing black powder cartridges, is extended to 8 

inches. In case of a shotgun firing, the range is about 12 inches. 

1.11.3.1.5  NON-VOLATILE PRODUCTS OF COMBUSTION    

The non- volatile products of combustion are also projected from the muzzle with a 

high velocity but cannot be carried beyond a distance of few feet. Some metallic 

nitrates i.e. barium nitrate which is added to some powders produce barium 

carbonate which takes the form of small, hard, white globules and these globule may 

be deposited around the wound. 

1.11.3.1.6 POWDER TATTOOING/DEPOSITS 

The tattooing is also called ‘peppering’ or ‘stippling’. It is caused by the embedding 

of the unburned or semi-burnt powder particles into the target surface. These 

particles are slightly heavier than the smoke particles. They retain motion for a 

somewhat longer time than the smoke particles. Consequently, the tattooing has a 

greater range, about one and a half times than that of the blackening range. The age 

and the quality of the powder charge and the length of the barrel have a predominant 

influence on the range and intensity of the tattooing. 

1.11.3.6.7  METALLIC RESIDUES 

The GSR may contain iron, tin, lead, barium, copper, antimony, zinc, titanium, etc. 

Iron comes from the barrel. Copper, antimony, zinc, and tin come from the projectiles. 

Lead, antimony, barium and titanium come from the primers. Lead also comes from 

the lead bullets or semi-jacketed lead bullets due to vaporization of the metal or due 

to scraping. They are propelled along with the other ejecta and help in the 

determination of the range. 

Gunshot residues (GSR) on the targets have been used to find out the range of fire. 

And the range of fire up to about one meter can be established with fair accuracy, 

with most of the firearms, from the evaluation of the GSR. 

The metallic residues may be propelled up to two to three meters or more. 

The particles may or may not be visible to the naked eye. They can be detected by soft 

X-rays, or by chemical reactions or by scanning electron microscopy. 
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1.11.3.1.8 WAD DISTRIBUTION 

A number of wads are found in a shotgun cartridge. They are projected along with the 

other charge. They enter the target up to about two to three meters. If they are not 

obstructed, they scatter from five meters to a long distance. If the distance between 

the victim and the wads is known, the range of fire can be determined. 

It was observed that: - 

 The majority of the wads scatter over a range of 3 to 50 meters. 

 The overshot wad was found the nearest while the cushion wad goes to the 

farthest point. 

 Some of the wads were found split. This happened frequently with over-shot 

wads. Even the cushion wad was found opened up in some shots. 

 The distances traveled by the split up wads were not consistent, as expected. 

 The cushion wads gave the most consistent and hence reliable results, for the 

determination of the range from wad distribution. The distances traveled by 

them were consistent and comparatively large, average 40 meters. 

1.11.3.2.9 PELLET PATTERN 

The area covered (pellet spread) by the pellets fired from a shotgun is proportional to 

the distance between the muzzle of the firearm and the target. Greater the range, 

greater is the area covered by the pellets. If experiments are performed with the same 

firearm and ammunition of the same make and batch, the test patterns provide fairly 

accurate estimates of the range. 

1.11.3.10 INJURIES 

Injuries can sometimes lead to the range of the fire: - 

 If the burning, blackening, etc. is observed inside the wound, instead of, or in 

addition to the phenomena around the hole, the firearm must have been fired 

with the muzzle pressed against the target. 

 If the edges of the wound are found ragged (star-shaped), the shot was fired in 

the contact or in the near contact position. 

 In a shotgun fire, if only one rat-hole is formed, the fire is from a close range. 

 If a projectile fired from the standard firearm and ammunition causes contusion 

only, the range of fire is considerable. Likewise, if the projectile fails to cause 

extensive damage, the projectile must have expended its energy by traveling a long 

distance. 

1.11.3.11 MARKS 

The marks at the scene of occurrence often provide clues to the range of fire even 

when there is no scorching, blackening and tattooing. 

1. If there is only one mark on a wall, a window, a door or on furniture, it is difficult 

to ascertain the range of fire as the number of possibilities is large. By careful 
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study of the height, shape and direction of the mark it may be possible to estimate 

the range of fire in some cases. 

2. If there are more than two marks produced by the same projectile it may be easy to 

find out the range in some cases. The axis of the barrel of the firearm may lie along 

the line joining the two marks.  

However, care must be taken that: - 

 The projectile has not hit the surfaces after ricochet. 

 The bullet has not deflected from its path. The shape, size and direction 

of the mark will help verify the position. 

 The marks are produced by one and the same projectile. 

3. If a thick object like the trunk of a tree has been pierced and there is no deflection 

of the projectile, the line of fire will be the line joining the entrance and the exit 

holes. 

1.11.3.2 TIME OF FIRE 

The time and date when a firearm, a cartridge or a projectile, involved in a crime was 

fired, has often-important bearing on the investigation of the crime and in the 

reconstruction of the sequence of the events. The firearm is the most frequent exhibit for 

the determination, though fired shells and projectiles have also been subjected to such 

determinations. The success has, however, been meager to-date, due to many variables 

involved:  

1. The place where the exhibit is kept affects the time-bound changes materially. If a 

firearm is kept in the open, the exposure may bring about other changes quickly 

and mask the expected changes. If the exhibit is kept in a covered or closed place 

the changes slow down. If the exhibit is kept in waterproof upholstery, the changes 

will be presumably still slower. 

2. The atmospheric conditions greatly modify the time bound changes in the exhibits. 

Wind, rain, humidity and temperature are important factors. They must be taken 

into consideration if any intelligent guess is to be made about the duration of fire. 

3. The treatment given to the exhibit after its use or abuse is important. If it is 

cleaned, oiled, washed, used or misused, the estimation of time of firing will be 

worse than worthless. 

4. The variations in the ammunition due to different makes or different batches of the 

same make are inherent in the process of manufacture. The extent of the 

variations depends upon the manufacturer. These variables are always present. 

They should be taken into consideration in all experiments and estimations of time 

of firing. 

1.11.4 PROPOSED QUESTIONS 

1. Describe the marks responsible for matching of crime and test bullets and 

cartridge cases. 
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2. Describe in detail the factors useful for determination of range of shotgun/rifled fire. 

3. What are the factors responsible in the reconstruction of crime scene involving 

firearms? 
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1.11.8 PROPOSED QUESTIONS 

1.11.9 REFERENCE 

Rifled firearms are those in which the bore is cut into a number of longitudinal spiral 

grooves. The usual rifled weapons are either handguns or shoulder guns. Handguns 

are firearms that are designed to be held in one hand for fire. Shoulder arms are those 

that are braced against the shoulder when they fired and in this way, the shock of 

recoil is absorbed e.g. rifles, carbines (9mm) and some machine guns. The rifled 

weapons either may be  

 a. Manual,  

 b. Semiautomatic or 

 c. Automatic 

The manual weapon (revolvers or .303” rifle) require the user to fire by pulling the 

trigger each time a cartridge is load manually. 

A semiautomatic weapon is one that is fired by pulling the trigger for each shot 

but one complete cycle than is performed without further effort by the user. The cycle 

includes (I) extracting the empty cartridge case (II) re-loading and (III) locking the 

breach (IV) cocking 

An automatic weapon :  A fireman designed to feed cartridges, fires, extracts and 

ejects cartridge cases as long as the trigger is fully depressed and there are cartridges 

in the feed system i.e. magazine.(is one continues to fire without interruption as long 

as the trigger is pressed by the user or magazine has ammunition.) 

1.11.0 RIFLE 

A rifle is a shoulder gun meant to hit target at a large distance. The bore of the rifle is 

cut with spiral grooves. Some long range rifles have the accuracy range as high as 600 

yards while their effective range may extend up to a mile. Rifles may be of different 

types such as service rifle, supporting rifle or big game rifles. 

 A rifle like a shotgun has  

 1. Barrel  

 2. Action  

 3. Stock and 

 4. Magazine. 

1.11.0.1 Barrel : The inside of the barrel consists of three parts as in shotguns i.e. 

chamber, leed and bore. The difference from the shotgun barrel is that the rifle barrels 

are grooved i.e. canal like furrows called grooves are cut in the form of spirals from 

inside the bore. The uncut surfaces between the grooves are called lands. The grooves 
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are parallel to each other but with a twist. The term ‘twist’ refers to the amount of 

turn made by the helical groove cut into the barrel of the rifled firearm. The distance 

in which the helices of the groove complete one turn is known as the pitch of rifle. The 

direction of twist of the rifle can be clockwise or anticlockwise. Firearm which spins 

the bullet in clockwise direction are said to possess right hand rifling while those 

which spin the bullet anticlockwise are called weapons with left hand rifling. 

 

Figure-1- Lands and grooves shown in a rifled barrel (Ref.-Burrad, G: The 

Identification of Firearm and Forensic Ballistics, Herbert Jenkins, London.)  

The twist of rifles determines the rate of spin of the projectiles. The rifling gives 

gyratory motion to the projectile that continues even after it left the muzzle of the 

firearm. The gyratory motion (spinning) has two important effects on projectiles:- 

Spinning stabilizes the bullet flight with nose-on position. The stability of the 

projectile or bullet is due to the fact that bullet spins around its longitudinal axis 

thereby avoiding the turning of the bullet sideways. 

It decreases the air resistance that has two important effects:- 

 The fall in velocity is comparatively less over a given distance. In other words, 

the effective striking velocities are maintained for a much longer range. 

 The trajectories or path of flight of bullet obtained are flattened. Thus better 

aim over longer ranges is possible. Rifling increases the aiming range of a 

firearm from about a hundred meter to several hundred meters. A .303 rifle can 

kill a person even at a range of 3km. 

Rifling reduces the weight and diameter of the projectile drastically. The spinning at 

high velocity could cause destructive wounds even with small projectiles. The barrel 

lengths are usually thirty to seventy centimeters.  

1.11.0.1.1 Caliber: Rifled firearms are often known by their calibers.    

They are measured across the lands. Caliber can refer to both the weapon and 

ammunition. In reference to weapon, it measures the diameter of the bore as 

measured between two lands. With reference to ammunition, it measures the diameter 

of bullet. Calibers are normally stated as hundredth or thousandth of an inch i.e. 

0.22”, 0.32”, 0.38”, 0.45”, 0.357”, 0.303”, or 0.317” etc. and in mm e.g. 9mm, 

7.62mm, 7.65mm etc. 
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Calibers can sometimes be misleading. They are nominal i.e. they do not necessarily 

reflect the true diameter of the bore or bullet. 

Caliber Actual bore diameter Bullet diameter (Actual) 

.22" .22-.219” .223"-.224" 

.35" .346-.347” .354"-.359" 

.22” weapon may vary in actual bore diameter from .2"2-.219” and bullet may 

measure .223"-.224”. A revolver of .35” caliber varies in the bore diameter from .346"-

.347” and bullet may measure from .354"-.359". 

In case of lead bullets, they have a diameter .003" greater than the bore diameter 

while the jacketed bullets have a diameter 0.001" greater than the bore diameter. 

Barrel Length: In rifles, the barrel lengths are usually thirty to seventy centimeters 

so as to give required muzzle velocities. 

1.11.0.2 Action : Different types of actions are found in the rifles:- 

 Lever Action 

 Bolt Action 

 Slide Action 

 Semiautomatic 

 Automatic 

1.11.0.2.1 Lever Action : In liver action rifles, the lever is fixed below trigger and 

acts as trigger guard in normal position. When it is pushed forward, the rod is pulled 

backward; it extracts the fired cartridge case and cocks the rifle. Simultaneously, 

carrier block is pushed upward and carries along a live cartridge. When lever is 

brought to its normal position, the rod places the live cartridge in the chamber and 

the carrier block takes its original position. The rifle is ready for fire. 
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Figure-2 Lever Action (ref. http://homestudy.idea.com/aboutfirearms) 

 

11.0.2.2&3 Bolt Action and Pump Action or Slide Action is same as in shotguns.  

11.0.2.4 Semiautomatic Action: - Semiautomatic Action has become a favourite 

action in service rifle of most of the nations. The rapid rate of fire and convenience in 

operation are responsible for its adoption. 

 In this action, a bullet is fired, each time, the trigger is pressed and one 

complete cycle of extracting the fired case, reloading and locking the breech and 

cocking is performed without further effort by the user. The semiautomatic action is 

operated either through Recoil produced by gases and outgoing projectiles or by 

utilizing the part of expanding gases. 

11.0.2.4.1 In Recoil type, following action are quite common:- 

 (I) Simple Blow Back 

 (II) Retarded Blow Back 

 (III) Long or Short Recoil Action 

In Simple Blowback, when cartridge is fired, the bullet is projected forward through 

the barrel while the cartridge case is pushed backward. The breech block is unlocked. 

The cartridge case in its backward motion pushes the breech block backward but it 

opens only when the bullet has left the barrel. The backward motion of the block and 

the cartridge case continues till the backward force is spent. In the mean time, the 

ejector pushes out the fired cartridge case. The breech block now retraces its path i.e. 
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it moves forward. In its forward motion, the block picks up a live cartridge from the 

magazine and places it in the chamber. 

In case of a Retarded Blow Back the movement of breech block is achieved through a 

toggle which retards the opening of the breech. It is used in machine guns.  

In case of Short and Long Recoil, the barrel is locked to the breechblock and they 

moved rearward together to a certain distance before getting disengaged. The other 

operations are carried out as in other semiautomatic actions. 

1.11.0.2.4.2 Gas Operated Action Mechanism: In gas operated action 

mechanism, barrel of the firearm has a hole at a suitable distance from the muzzle 

end. Some convenient volume of gas escapes through the hole and operates the 

piston. The piston actuates a rod which disengages the breechblock and pushes it 

backward. Simultaneously, on its backward journey, it extracts the cartridge case; the 

shell is thrown out by an ejector placed at a suitable distance. On its returned journey 

(due to the action of the spring), it picks up a live cartridge and loaded it in the 

chamber. The chamber is sealed by the breech block after it gets locked automatically. 

Extraction and Ejection: After firing, the empty case has to be extracted out so 

that weapon can be reloaded again for the next fire. In the majority of firearms, mere 

opening of breech after firing automatically ejects the fired case; while in others the 

fired case is partially unseated from its position in the chamber, and then they are 

removed by hand. 

1.11.0.3 Magazine : Magazines are used in repeating and semiautomatic firearms. 

They are aligned with the chambers of the barrel on one hand and with the moving 

bolt or breech block on the other hand. There is a spring attached to the bottom of the 

magazine, which fills up the whole box if the magazine is empty. When cartridges are 

filled in it, they compress the spring further and further. The maximum number of 

cartridges which can be introduced in a magazine indicates its capacity. In normal 

locked condition, the magazine of a rifle remains compressed under the moving block. 

It is released when the moving block is drawn backward. 

1.11.0.4 Stock: The stock of the rifle functions like a shotgun stock. Stock is a 

wooden piece which enables the firearm to be held at shoulder while being aimed and 

fired. 

1.11.1 PISTOL 

Pistol is a short semiautomatic forearm aimed and fired usually with one hand. They 

are also known as self-loaders. In this type of weapon the recoil of the gun is utilized 

for ejecting the fired cartridge case, reloading a fresh cartridge in the chamber and 

cocking of the weapon again. The gun is ready to fire again. So in self-loaders, the 

trigger must be pressed again for firing again.  
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Pistols are meant to fire cartridges of moderate power and their effective range is 

about 100 yards. Pistol may also be single shot. It is a favourite firearm because of its 

size, graceful shape, convenience in handling and quick firepower. A pistol has three 

parts:- 

 (I) Barrel 

 (II) Action 

 (III) Magazine 

1.11.1.1 Barrel: The barrels of pistols are rifled. The length of the barrels varies 

from about 5-20cms. The number of grooves varies from 4-8. The direction of twist is 

often to the right but sometimes to the left. Pistols are available in all calibers from 

.22” to .45”. 

1.11.1.2 Action: Action of small semiautomatic pistol is ordinarily based upon 

Simple Blow Back principle, which uses the force of recoil. The usual trigger, sear and 

safety devices form a part of actions of the pistol. 

 

 

Figure-3 Pistol Action (ref. http://homestudy.idea.com/aboutfirearms) 
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Figure-4 Pistol, Cut-out Diagram (ref. 

http://homestudy.idea.com/aboutfirearms) 

 

1.11.1.3 Magazine: Magazine is housed in the grip from which it can be taken out 

for reloading. The capacity varies from caliber to caliber. 

1.11.2 REVOLVER 

It is a firearm with a cylinder having several chambers which are arranged so as to 

revolve on an axis and be discharged in succession by the same lock. The lock is a 

mechanism for preventing unwanted movement of striking device in cartridge gun 

combination before firing. 

A revolver is a convenient repeating handgun. It is a rifled firearm at the rear end of 

which is a revolving cylinder having a number of chambers so arranged as to revolve 

on an axis and discharge bullets in succession. The cylinder has a varying number of 

chambers from 4-7, in which live cartridges are loaded. The cylinder rotates behind 

the breech end of the barrel and on cocking the firearm, one of the cartridges comes 

in line with the barrel which is utilized for firing. Revolvers may be single action or 

double action. In single action revolver, the trigger pull can only be used for firing. 

The rotation of cylinder occurs by cocking the hammer manually. In double action 

revolver, a prolonged pull on trigger rotates the cylinder, cocks hammer and releases 

it for firing. 

1.11.2.1 Barrel : The barrels are grooved. The number of grooves varies from 2-7. 

Barrel lengths vary from 5-30cms. Revolvers are unique in one respect. There is 

always some space between the barrel and the chamber in revolving cylinder. The 

space is responsible for shaving of bullets.  
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Figure-4 Revolver (1-Barrel, 2-hammer, 3-Trigger guard, 4-Trigger,  

5-Revolving Cylinder; Ref. Sharma, BR: Firearms in Criminal investigation & Trials) 

Sometimes it influences the identification of fired bullets in respect of firearm. The 

space is also responsible for leakage of the gases and powder residues which are 

deposited on the hand of the shooter and helps in determination of the fact that 

shooting was done by the particular hand of the shooter. 

1.11.2.2 Action: Action mechanism is unique. When trigger of a double action 

revolver is pressed, it rotates the cylinder containing the live cartridge and brings it in 

alignment with the barrel and the firing pin hole. The rotation of the cylinder is 

achieved by a small cog on the hammer lever which gets engaged to a tooth of ratchet 

on the head of cylinder. When the cylinder moves through the required angle, the cog 

and the ratchet gets disengaged and the hammer gets cocked and soon after the 

hammer gets released. It strikes the base of the cartridge and fires it. In Single Action 

Revolver, the hammer is cocked manually each time before firing. In the process the 

cog and ratchet arrangement rotates the cylinder to bring next chamber with a live 

cartridge in alignment with the barrel and with firing pin hole. 

Loading and Unloading: is done by breaking open the revolving cylinder. There are 

3 types of firearms with different mechanisms for the purpose:- 

1. Break Frame: Barrel is hinged to the frame which may be broken open to load 

and unload by releasing the latch.  

2. Solid Frame: The solid frame revolver has a port on one side. Loading and 

unloading can be done through this port.  
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3. Side Swinger revolvers: Barrels are fixed to the frame and cylinder is swing out 

to one side for loading. This type of revolvers is also called swing out or side 

ejection type. 

1.11.3 COMPARATIVE MERITS of REVOLVER AND SEMIAUTOMATIC 

PISTOL : 

From the military view point the revolver has the following advantages which are not 

shared with the Semi Automatic Pistol. 

(1) It is not so critical as to the state of its ammunition. 

(2) Mechanism is less complex. 

(3) It is safer in use because the chambers are visible and it is better understood. 

(4) A misfire can be rectified without the use of the other hand. 

(5) The single action trigger pull is superior to that of the Semi Automatic Pistol. 

(6) It is more reliable 

(7) No springs are kept compressed when it remains loaded for long periods. 

(8) There is no safety catch to forget at the critical movement. 

The Semi Automatic Pistol although inferior to the revolver in the above respects, has 

its points of superiority. 

(1) A practical design can carry twice as many cartridges as a revolver. 

(2) It is more efficient. 

(3) It can handle a higher velocity bullet 

(4) Reloading is effected more quickly by changing the magazine. 

(5) It is more compact for a given power. 

(6) Some designs can be flitted a silencer. 

(7) The practical effective rate of fire may be higher due to the absence of a heavy 

double action trigger pull. 

Revolver-Drawbacks –  

(1) Slow action 

(2) Heavy trigger pull 

(3) Escape of Gases 

(4) Shaving of bullets 

(5) Bursting 

(6) Limited capacity. 

1.11.4 Machine Gun: A Machine Gun is a fully automatic firearm. Its action may 

be recoil or gas operated.   

The main difference between a pistol and a Machine Gun is that the magazine of the 

latter has greater capacity, there is no butt-grip and the barrel is longer and usually 

covered with a slotted tube. The last helps to cool the barrel through better circulation 

of air. In a Machine Gun rate of fire is very rapid – 300- 1800 shots/minute. 



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-5 
 

115 

1.11.5 CARBINES:- For all practical purposes, carbines are rifles with shortened 

barrels. Ordinarily, the carbine barrels are about 50cm in length. 

1.11.6 Air Gun (Air Rifle or Air Pistol):- Air gun works on the compressed air. 

When the trigger is released, compressed air is let through the barrel. The air pushes 

a specially made slug in front of it. The slug acquires a velocity of about 170m/sec. 

1.11.7 SUMMARY 

Rifled firearms are those in which the bore is cut with a number of longitudinal spiral 

grooves. The usual rifled weapons are either handguns or shoulder guns. The rifled 

weapons either may be manual or semiautomatic or automatic. A rifle like a shotgun 

also has barrel, action stock and magazine. In rifle barrels, grooves are cut in spirals 

forms from inside the bore. The uncut surfaces between the grooves are called lands. 

The grooves are parallel to each other but with a twist. The distance in which the 

helices of the groove complete one turn is known as the pitch of rifle. The twist of 

rifles determines the rate of spin of the projectiles. The rifling gives gyratory motion to 

the projectile. The gyratory motion stabilize projectile in flight and decreases the air 

resistance. Rifled firearms are often known by their calibers. Caliber can refer to both 

the weapon and ammunition. In reference to weapon, it measures the diameter of the 

bore as measured between two lands and with reference to ammunition; it measures 

the diameter of bullet. The actions found in the rifles are lever action, bolt action, slide 

action, semiautomatic and automatic. Pistol is a semiautomatic handgun. Pistols are 

meant to fire cartridges of moderate power and their effective range is about 100 

yards. A revolver is a repeating handgun. It is a rifled firearm which has a revolving 

cylinder having a number of chambers so arranged as to revolve on an axis and 

discharge bullets in succession. Revolvers may be single action or double action. 

Other rifled firearms are machine guns, carbines, air gun etc.  

1.11.8 PROPOSED QUESTIONS 

1. Classify the characteristics and firing mechanisms of Rifled firearm. 

2. Write short notes on:- 

a) Rifling 

b) Caliber 

c) Semiautomatic action 

d) Assault rifles 

3. Describe the characteristics of revolver/pistol. 
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 1.12.3.2 TIME OF FIRE 

1.12.4 PROPOSED QUESTIONS 

1.12.5 SUGGESTED BOOKS/REFERENCE 

1.12.1 MATCHING AND IDENTIFICATION 

1.12.1.1 INTRODUCTION  

Identification of the firearms which fired the incriminating cartridge, bullets and other 

projectiles is one of the most important aspects of forensic ballistics. The 

identifications, like finger prints, are positive in most of the cases. They have great 

evidentiary value in linking the criminal with the crime. 

12.1.2 BASIS FOR IDENTIFICATION  

All these parts of a firearm are made of steel. During their manufacture they undergo 

processes like cutting hammering, reaming, grinding, filing and polishing. Various 

tools are used in their manufacture. The finished surfaces of firearms after 

undergoing such operations are never alike even when the two surfaces are made with 

the same set of tools, one after the other. The microscopic details of nicks and 

depressions are always individualistic in nature. When a firearm is discharged, the 

cartridge case comes in contact with the (I) firing pin, (II) The breech face, (III) The 

extractor, (IV) The ejector and (V) The chamber. Similarly projectiles come in contact 

with (I) leed and (II) Barrel. 

When a cartridge is fired, this pattern of nicks and depressions is imprinted on the 

fired ammunition from those parts of firearm which come in close contact with 

projectiles and shells. It permits the identification of the firearm in the same way as a 

thumbprint individualizes and identifies a man. The individuality of each firearm is 

now universally recognized.  

1.12.1.3 CLASS AND INDIVIDUAL CHARACTERISTICS: The (I) position, (II) 

size and (III) shape and depth of the firing pin, breech face, the extractor, the ejector 

and the chamber marks on a cartridge indicate class characteristics. Finer details of 

all these marks constitute individual feature. 

In a fired bullet, the (I) caliber, (II) the number (III) the width, (IV) the depth, (V) the 

direction and (VI) the pitch of the grooves and the lands form class characteristics. 

Finer details in the lands and grooves are individual characteristics of the firearm. 

Firearms of the same make and model imprint common class characteristics on the 

fired ammunition. Firearms of different makes and different models imprint different 

class characteristics. Class characteristics are useful in quick eliminations. They 

indicate the nature and the possible make of the firearm used. The class 

characteristics are very useful when there are a number of suspected firearms. 

Individual features are always different i.e. no two firearms have the same individual 

characteristics. 
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1.12.1.4 IDENTIFICATION OF FIRED CARTRIDGE 

The cartridge when fired, come in close contact with relevant parts of the firearm. The 

parts imprint their negative facsimile on the cartridge case.  

1.12.1.4.1 Firing pin marks : the firing pin strikes the cartridge on the percussion 

cap and imprints its marks. The impact explodes the cap composition, the high 

pressure developed presses the case against the firing pin, and clarity of the firing pin 

is thus enhanced. The firing pin marks alone permits the identification of firearm in 

about 95% cases. 

1.12.1.4.2 Breach face marks : The surface of the action block surrounding the 

firing pin is called the breach face. On firing, the gases push the cartridge case 

against the breach face; which imprints its negative profile on the cartridge base. The 

breach face profile is highly characteristics. It alone is sufficient for the identification 

of the firearm used, if the imprint of the profile on the base of the cartridge is clear 

and sufficient.  

1.12.1.4.3 Chamber marks : Some defects or some deposits in the chamber imprints its 

negative profile on the tubular portion of the cartridge case, when it develops pressure on firing, 

and oversized cartridge case may also tend to get imprinted with chamber marks. The chamber 

marks permit the identification of the firearm from the fired ammunition like the other marks. 

1.12.1.4.4 Extractor Marks : Extractor marks may permit the identification of the 

firearm whenever they are imprinted clearly. The Extractor marks help in fixing the 

orientation of the cartridge in the chamber. 

1.12.1.4.5 Ejector Marks : In the automatic and semiautomatic firearms, the ejector 

marks imprinted on the cartridge cases are frequently identifiable and link the fired shell with 

firearm.  

1.12.1.5 Identification of bullet 

The bullets receive marks from the barrel. Land of the barrel engraves grooves on the 

bullets. The grooves of the barrel may also scrap the surface of the bullet. The marks 

on the lands of the projectile are the results of the scrapping e.g. a bullet fired from a 

conventional 6/right rifled barrel will have impressions on it like those seen in the 

image below: 

 

 

Figure 1 : Rifling impressions on bullet (Ref. www.firearmID.com 
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The widths of the lands and grooves can be measured as there are distinct edges 

between a land and a groove impression. The rifling pattern in the barrel that fired 

a particular bullet can be determined by counting the number of groove or land 

impressions around the circumference of the bullet. The direction of the 

impressions (either left or right) determines the direction of twist. Then the next 

step is to examine the rifling impressions on the bullet. 

1.12.1.6 Identification of the pellets  

The surface character of the firearm, scratches themselves on the surface of pellets. 

These impression on the surface of the pellets are the thumbprints of inside surface of 

barrel. The projectile charge of a shot gun cartridge, ordinarily, moves in a barrel in 

the form of a compact cylinder. The buck shots or pellets are intended to maintain 

their position in the cylinder during their passage to the barrel. If there are no internal 

movements of the pellets, only one segment of the barrel starches the tel-tail marks 

on one projectile from the chamber end to muzzle end.  

1.12.1.7 Test Firing 

Purpose of test firing 

1. To ascertain whether the firearm is in working order or liable to 

accidental fire. 

2.  To obtain test cartridge cases and test fired bullets for linkage. 

3. To obtain test targets for range determination (also angle of fire/ direction of fire). 

Apparatus and other items:     

Two Cotton filled Steel Walled Boxes (one for Bullet Recovery and other for 

Normal Test Firings), Gun Mounting Table, Targets (Paper, Cardboard, and 

Cloth etc.), Rope, Safety Kit, and Marking Tool. 

Procedure: 

1) To ascertain whether the firearm is in working order or liable to 

accidental fire 

a) Mount the firearm on the gun-mounting platform and set the system for 

firing. 

b) Fire appropriate ammunition from each barrel into cotton filled box 

observing safety rules  

c) For improvised firearm, cartridges are test fired without propellant and 

projectile. 

2) To obtain only test cartridges for linkage 

a)  Mount the firearm on the gun mounting platform and set the system for 

firing observing appropriate safety measures. 

b)  Fire at least two appropriate ammunition preferably of the same make 

and lot from each barrel and from each firearm into the cotton filled box 

and obtain test cartridges cases/ bullets. 

c) For improvised firearm, cartridges with reduced charge/without charge 

are fired for safety purposes. 
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3) To obtain test targets  

i) For Close Range Estimation  

e) Mount the firearm on the gun mounting platform and set the system for 

firing observing appropriate safety measures. 

f)  Mount suitable similar inanimate targets in front of the bullet recovery 

box. 

g) Fire at different suitable distances to obtain corresponding pattern on 

the test targets. 

h) Fire at least two rounds from the distance which provides corresponding 

pattern. 

ii) For Shot Pattern  

e) Mount the firearm on the gun mounting platform and set the system for 

firing observing appropriate safety measures. 

f) Mount cardboard targets affixed with white paper.  

g) Fire at different suitable distances to obtain corresponding pattern on 

the test targets. 

h) Fire at least two rounds from the distance which provides corresponding 

pattern. 

1.12.2 RECONSTRUCTION 

Reconstruction in shooting cases is assuming ever-increasing importance. This is 

mainly due to the fact that the linkage of the fired ammunition in respect of the 

firearm is often definite and beyond doubt. The defence, therefore, tries to show that 

the shooting was in self-defence accident or suicide rather than a murder. 

 Any reconstruction of a crime scene must satisfy the following questions –  

a. Is the given reconstruction in accordance with authentic observed facts? Do the 

exhibits- firearm, shells or projectiles and their location fit in the given version? 

b. Is the version consistent with the ballistics of the firearm and ammunition 

used? 

c. Do the scientific, oral and medical evidence and findings of the police support 

the same hypothesis? 

d. Does the reconstructed version fit in with the photographs of the scene taken 

immediately after the occurrence? 

1.12.2.1 Scene of Occurrence – The scene of occurrence is always important in 

the reconstruction of sequence of events. Scene is often illustrated by sketches with 

correct measurements of the position of various evidentiary clues that helps in 

understanding its topography.  

1.12.2.2 Photographs of the Scene – Photographs of the scene from different 

angles should be taken, before anything is touched or moved. These photographs 

showing the condition of the scene, the dead body and other significant evidences 

would help in reproducing the scene in future. The photographs should include the 

position of the firearm, cartridge cases, bullets etc., in relation to the dead body.  
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1.12.2.3 Clothes of Victim – In shooting cases, the clothes of the victim carry 

important information. They indicate the number of entrance and exit wounds, the 

range of fire, the height and possibly the direction of the fire.  

1.12.2.4 Medico legal Reports – A medico legal report is one of the most 

important items in the reconstruction of crime. It establishes the number of shots, 

range, direction of fire and nature of arms and ammunition used. 

1.12.2.5 Arms and ammunition – The examination of arms and ammunition is 

essential in the reconstruction of crime scene. It provides linkage of the fired 

ammunition and the firearm. 

1.12.2.6 Range – The pattern of scorching, blackening, tattooing deposition of metal 

particles and dispersion of pellets can be illustrated. The test patterns are obtained on 

filter paper targets.  

1.12.3 RANGE AND TIME OF FIRE 

The range of fire and the time of fire are important determinations in the evaluations 

of occurrences involving shooting cases. 

1.12.3.1 RANGE OF FIRING 

The determination of the range of fire is possible if proper photographs, sketches, 

description of the injuries, the suspected firearm and the ammunition similar to the 

one used in the commission of crime are available. Fairly accurate estimate of the 

range can be made. 

The following evaluations are helpful to determine the range of the fire: - 

1.12.3.1.1 MUZZLE PATTERN 

When a firearm is pressed against the target and then discharged, the muzzle of the 

firearm leaves its imprint on the target. Muzzle pattern, indicates a contact wound. 

The contact wounds are usually observed in suicide cases but they are also seen in 

some murder cases. 

1.12.3.1.2 CONTACT WOUNDS 

When the firearm is fired in hard or loose contact position with the body, the entire 

ejecta i.e. projectiles, wads (if any), smoke, burnt, semi-burned or unburned powder 

particles and hot gases enter into the target. No burning, blackening or tattooing 

phenomena may be observed around the entrance hole in most of the cases. In those 

cases where there is no space for the expansion of the gases inside (for example 

between the skull, bone and outer skin), the ejecta come out through the entrance 

hole and in the process often tear the skin around the entrance hole. A star-shaped 

wound, with everted edges, is formed. It happens in contact head injuries. 

1.12.3.1.3 SCORCHING 

The scorching of the target is on account of the high temperature of the gases when 

they impinge on the target. It is a sure sign that a firearm has been fired from a close 

range. Scorching with service rifle may occur up to 6 inches and with a pistol or 
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revolver, upto2-3 inches. The scorching is limited to a maximum of 1 foot for all 

firearms using smokeless-powder. 

1.12.3.1.4 BLACKENING 

The shots fired from close range caused the blackening around the wound by the 

deposition of smoke by all types of propellants. Blackening is caused by the deposit 

made by dirty powder gases. More blackening is observed in case of black powder 

than in case of smokeless powder. It can be differentiated from scorching by the fact 

that former can be wiped but later can not be wiped like this. Blackening can occur 

with a service rifle up to 9 inches and with a pistol or revolver up to 6 inches. 

Blackening range, with handguns firing black powder cartridges, is extended to 8 

inches. In case of a shotgun firing, the range is about 12 inches. 

1.12.3.1.5  NON-VOLATILE PRODUCTS OF COMBUSTION    

The non- volatile products of combustion are also projected from the muzzle with a 

high velocity but cannot be carried beyond a distance of few feet. Some metallic 

nitrates i.e. barium nitrate which is added to some powders produce barium 

carbonate which takes the form of small, hard, white globules and these globule may 

be deposited around the wound. 

1.12.3.1.6 POWDER TATTOOING/DEPOSITS 

The tattooing is also called ‘peppering’ or ‘stippling’. It is caused by the embedding of 

the unburned or semi-burnt powder particles into the target surface. These particles 

are slightly heavier than the smoke particles. They retain motion for a somewhat 

longer time than the smoke particles. Consequently, the tattooing has a greater range, 

about one and a half times than that of the blackening range. The age and the quality 

of the powder charge and the length of the barrel have a predominant influence on the 

range and intensity of the tattooing. 

1.12.3.6.7  METALLIC RESIDUES 

The GSR may contain iron, tin, lead, barium, copper, antimony, zinc, titanium, etc. 

Iron comes from the barrel. Copper, antimony, zinc, and tin come from the projectiles. 

Lead, antimony, barium and titanium come from the primers. Lead also comes from 

the lead bullets or semi-jacketed lead bullets due to vaporization of the metal or due 

to scraping. They are propelled along with the other ejecta and help in the 

determination of the range. 

Gunshot residues (GSR) on the targets have been used to find out the range of fire. 

And the range of fire up to about one meter can be established with fair accuracy, 

with most of the firearms, from the evaluation of the GSR. 

The metallic residues may be propelled up to two to three meters or more. 

The particles may or may not be visible to the naked eye. They can be detected by soft 

X-rays, or by chemical reactions or by scanning electron microscopy. 
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1.12.3.1.8 WAD DISTRIBUTION 

A number of wads are found in a shotgun cartridge. They are projected along with the 

other charge. They enter the target up to about two to three meters. If they are not 

obstructed, they scatter from five meters to a long distance. If the distance between 

the victim and the wads is known, the range of fire can be determined. 

It was observed that: - 

 The majority of the wads scatter over a range of 3 to 50 meters. 

 The overshot wad was found the nearest while the cushion wad goes to the 

farthest point. 

 Some of the wads were found split. This happened frequently with over-shot 

wads. Even the cushion wad was found opened up in some shots. 

 The distances traveled by the split up wads were not consistent, as expected. 

 The cushion wads gave the most consistent and hence reliable results, for the 

determination of the range from wad distribution. The distances traveled by 

them were consistent and comparatively large, average 40 meters. 

1.12.3.2.9 PELLET PATTERN 

The area covered (pellet spread) by the pellets fired from a shotgun is proportional to 

the distance between the muzzle of the firearm and the target. Greater the range, 

greater is the area covered by the pellets. If experiments are performed with the same 

firearm and ammunition of the same make and batch, the test patterns provide fairly 

accurate estimates of the range. 

1.12.3.10 INJURIES 

Injuries can sometimes lead to the range of the fire: - 

 If the burning, blackening, etc. is observed inside the wound, instead of, or in 

addition to the phenomena around the hole, the firearm must have been fired 

with the muzzle pressed against the target. 

 If the edges of the wound are found ragged (star-shaped), the shot was fired in 

the contact or in the near contact position. 

 In a shotgun fire, if only one rat-hole is formed, the fire is from a close range. 

 If a projectile fired from the standard firearm and ammunition causes contusion 

only, the range of fire is considerable. Likewise, if the projectile fails to cause 

extensive damage, the projectile must have expended its energy by traveling a long 

distance. 

1.12.3.11 MARKS 

The marks at the scene of occurrence often provide clues to the range of fire even 

when there is no scorching, blackening and tattooing. 

1. If there is only one mark on a wall, a window, a door or on furniture, it is 

difficult to ascertain the range of fire as the number of possibilities is large. By 
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careful study of the height, shape and direction of the mark it may be possible to 

estimate the range of fire in some cases. 

2. If there are more than two marks produced by the same projectile it may be 

easy to find out the range in some cases. The axis of the barrel of the firearm may 

lie along the line joining the two marks.  

However, care must be taken that: - 

a. The projectile has not hit the surfaces after ricochet. 

b. The bullet has not deflected from its path. The shape, size and direction 

of the mark will help verify the position. 

c. The marks are produced by one and the same projectile. 

3. If a thick object like the trunk of a tree has been pierced and there is no deflection 

of the projectile, the line of fire will be the line joining the entrance and the exit 

holes. 

1.12.3.2 TIME OF FIRE 

The time and date when a firearm, a cartridge or a projectile, involved in a crime was 

fired, has often-important bearing on the investigation of the crime and in the 

reconstruction of the sequence of the events. The firearm is the most frequent exhibit for 

the determination, though fired shells and projectiles have also been subjected to such 

determinations. The success has, however, been meager to-date, due to many variables 

involved:  

1. The place where the exhibit is kept affects the time-bound changes materially. 

If a firearm is kept in the open, the exposure may bring about other changes 

quickly and mask the expected changes. If the exhibit is kept in a covered or 

closed place the changes slow down. If the exhibit is kept in waterproof upholstery, 

the changes will be presumably still slower. 

2. The atmospheric conditions greatly modify the time bound changes in the 

exhibits. Wind, rain, humidity and temperature are important factors. They must 

be taken into consideration if any intelligent guess is to be made about the 

duration of fire. 

3. The treatment given to the exhibit after its use or abuse is important. If it is 

cleaned, oiled, washed, used or misused, the estimation of time of firing will be 

worse than worthless. 

4. The variations in the ammunition due to different makes or different batches of 

the same make are inherent in the process of manufacture. The extent of the 

variations depends upon the manufacturer. These variables are always present. 

They should be taken into consideration in all experiments and estimations of time 

of firing. 

1.12.4 PROPOSED QUESTIONS 

1. Describe the marks responsible for matching of crime and test bullets and 

cartridge cases. 
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2. Describe in detail the factors useful for determination of range of shotgun/rifled fire. 

3. What are the factors responsible in the reconstruction of crime scene involving 

firearms? 
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