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Lesson No. :

UNIT-A

1.1 : Introduction to Forensic Science and its laws

1.2 : Tools & Techniques in Forensic Science

1.3 : Instrumental Techniques ad their Applications

1.4 : Set Up of Forensic Science Laboratories

UNIT-B

1.5 : Introduction and History of Fingerprints

1.6 : Fingerprint Patterns and Classification

1.7 : Development & Examination of Latent Fingerprints
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   FUNDAMENTALS OF CRIMINALISTICS AND CSI 

 

LESSON NO. 1.1        UNIT-A       AUTHOR: DR. MUKESH KUMAR THAKAR 

 

INTRODUCTION TO FORENSIC SCIENCE AND ITS LAWS 

 

Overview: 

 Definitions 

 Nature and Scope of forensic science  

 Functions 

 Principles 

 Problem of proof 

 Suggested Questions 

 References and Suggested Books 
                                                                                                                                  

The word Forensic owes its origin to Latin word ‘Forensis’ which signifies 

belonging to court of justice or is any aspect of science, which relates it to the 

law. Typically, it is just about any area of science, which could be called into 

question in the court of law. Forensic means FORUM i.e. ‘the public place’ or 

‘market-place’ of a city which provides an opportunity for conducting debate or 

to give sympathetic hearing to anyone’s case. It originated when a need to 

identify and compare the physical evidence was felt and certain scientists 

develop the required principles and techniques for the purpose. Then a need 

was felt to develop a coherent system that could be practically applicable to 

criminal justice system. 

Popular fictional character Sherlock Homes coined by Sir Arthur Conan Doyle 

was, perhaps; the first person who introduced scientific crime detection 

methods to its readers. Doyle described methods of detection much before they 

were discovered and implemented by the scientists in real life. He used 

principles of serology, fingerprinting, firearm identification, and questioned 

document examination in his fiction. 

Definition 

Broadly speaking, Forensic Science is the application of science to law. In order 

to realize the concept of ‘society’, a ‘law’ was needed to be reinforced by 
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developing and applying the knowledge and technology of a science. Forensic 

Science gradually developed and fulfilled the requirement.  

Presently, it is fast developing into a technology, which is strongly backing up 

the legal system to impart justice (through its various disciplines). It may be 

defined as the application of scientific methods and techniques for the purposes 

of justice. It has emerged as a significant element in effort to control crime while 

maintaining a high quality of justice and the law enforcement officials have 

started becoming dependent on the laboratory results.  

The Forensic expert has to perform two important functions:   

Scientific - The forensic scientist has to play a scientific function i.e. to 

collect, to analyze and to evaluate the physical evidence.  

Forensic except : The forensic scientist has to perform forensic function i.e. 

to interpret the results of scientific investigation to form an expert opinion, and 

communicating that opinion in layman's terms (i.e. in simplest possible 

language without using many technical terms) both in the form of written 

statements and oral presentations to the court of law. 

A strong relationship exists between the crime-scene investigators and 

laboratory examiners for collection, preservation, packaging and analysis of 

evidences. The expert's role is essentially one of impartiality and the main 

directive is to assist the court in arriving at the truth. 

As science and technology continue to advance, the capabilities and importance 

of Forensic Science Laboratories also continues to grow. At present, almost all 

the states have their own such laboratories and others are in the process of 

establishment. The existing laboratories are vying to improve further.  

2. Nature and Scope of Forensic Science 

Forensic science draws upon the principles and methods of all the traditional 

sciences, such as biology, physics, and chemistry. But in last few years, it has 

developed its own branches and disciplines like fingerprints, anthropometry, 

crime scene investigation, track marks, questioned document examination and 

forensic ballistics. These are exclusive fields of Forensic Science. Recently 

significant advances have been made in the field of serology, voice analysis, 

brain fingerprinting, criminal profiling and narco analysis test etc. 

The term forensic science is sometimes used as a synonym for criminalistics. 

Both terms cover a diverse range of activities. Forensic science, in a broader 

sense, includes forensic medicine, odontology; anthropology; psychiatry; 
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toxicology; questioned documents examination, and firearm, tool mark, and 

fingerprint examinations, as well as criminalistics.  

The major specialty areas included in the wider definition of forensic science are 

discussed briefly as under: 

a. Criminalistics is mainly concerned with the recognition, identification, 

individualization, and evaluation of physical evidence using the methods and 

techniques of the natural sciences in issues of legal significance. It includes 

examination of trace-evidence like glass, soil, fibers, hairs, blood, and 

physiological fluids and the reconstruction of events based on physical evidence 

and its analysis. Different forensic scientists define the scope of the field dif-

ferently. Some include firearm and toolmark examination and questioned doc-

uments as a part of criminalistics. Despite the implications of the name, 

criminalistics activities are not limited to criminal matters. They are used in 

civil law cases and in regulatory matters also. People who are engaged in 

criminalistics as a profession are called criminalists.   

Criminalistics also includes arson accelerant and explosive residues, drug 

identification and the interpretation of different patterns and imprints. It is the 

broadest of the subdivisions of forensic science.  

b. Forensic Medicine (legal medicine; medical jurisprudence) is the 

application of medicine and medical science to legal problems. Practitioners of 

forensic medicine are doctors of medicine with specialty certification in 

pathology and forensic pathology. Most of them are medical examiners. They 

are concerned with determining the cause and circumstances in cases of 

questioned death. They have to deal with matters relating to death due to 

injury, accidental death, homicidal or suicidal death pertaining to insurance 

claims, and sometimes in cases of medical malpractice.  

c. Forensic Odontology also known as forensic dentistry is the 

application of dentistry to solve human identification problems. Forensic 

odontologists are dentists who specialize in the forensic aspects of their field. 

They are concerned with the identification of persons based upon their 

dentition, usually in cases of unrecognizable bodies or in mass disasters. They 

also analyze and compare bitemark evidence in several types of cases.  

d. Forensic Anthropology is related with personal identification based 

on bodily (particularly skeletal) remains and its practitioners are known as 

physical anthropologists, who are interested in forensic problems. Other areas 

of forensic anthropology include establishing databases on bodily structures as 

functions of sex, age, race, stature, and so forth. Interpretation of footprint or 
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shoe-print evidence might also be included to estimate the height of perpetrator 

or suspect. 

e. Forensic Toxicology has to do with the determination of toxic 

substances in human tissues and organs. Much of the work concerns the role 

of toxic agents that might have played a role in causing or contributing to the 

death of a person. He has to deal with qualitative and quantitative technique for 

identification of drugs or toxic substances which has caused the toxicity or 

death of an individual.   

f. Questioned Documents examination includes comparisons and 

identification of handwriting, scripts that are mechanically produced i.e. typing, 

printing and photocopied material. Analysis of papers, inks, and other materials 

used to produce documents may also be included. 

g. Firearm and Tool mark examination has to do with firearm 

identification, comparison of markings on bullets and other projectiles, 

cartridge cases, and shell cases, especially for the purpose of determining if a 

bullet has been fired from a particular weapon. Tool mark examinations are 

concerned with the association of particular impressions with particular tools.  

h. Fingerprint examination is concerned with the classification of 

fingerprints and the organization of sets of prints into usable files. Development 

of latent prints and comparisons of known and unknown fingerprints are a part 

of the work as well.  

Some forensic science activities can be classified under more than one of the 

major subdivisions above. Tool mark comparisons, for example, are sometimes 

considered as part of criminalistics and sometimes as part of the separate 

firearms and tool marks specialty. Similarly, hair comparison is usually 

considered a part of criminalistics, but it could just as well be considered a part 

of Forensic Biology. Any classification scheme for all the different activities is, 

therefore, somewhat arbitrary. No one person can be expert in all the sciences 

and their methods, and it is for this reason that forensic science contains 

subspecialties. The subspecialties develop around a particular type of physical 

evidence, or around a particular group of methods and procedures. Some 

forensic scientists are generalists. They have broad training and experience in 

most of the basic areas of criminalistics, can carry out a variety of different 

physical-evidence examinations knowledgeably or more importantly, refer 

specific aspects of a case to specialists.  

The range of human activity is so diverse that almost anything can become 

physical evidence under one circumstance or another. In any civil, criminal, or 



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-4  5 

regulatory matter, there can be physical evidence that, if recognized, properly 

handled, and knowledgeably interpreted, can contribute importantly to an 

understanding of the case.  

3. Functions   

In every forensic science investigation, the main function is to provide useful 

information to link the suspect and the victim with each other or with the scene 

of crime. Physical evidence analysis and interpretation can provide following 

types of information:  

I.   Information on the Corpus Delicti  

The corpus delicti (literally, the "body of the crime") refers to those essential 

facts which show that a crime has taken place. Tool marks, broken doors or 

windows, ransacked rooms, and missing valuables are examples of physical 

evidence that would be important in establishing a burglary. Similarly, in an 

assault case, the victim's blood, a weapon, or torn clothing could be important 

pieces of physical evidence.  

II.   Information on the Modus Operandi  

Many criminals or gangs have a particular modus operandi (method of operation 

or MO), which consists of their characteristic way of committing a crime. 

Physical evidence can help in establishing an MO. In burglary cases, for 

example, the means used to gain entry, the tools used; types of items taken; 

and other telltale signs, such as urine left behind at the scene, are all 

important. In arson cases, the type of accelerant used and the way in which 

fires constitute physical evidence that helps to establish the patterns or 

"signature" of arsonist. Cases that have been treated separately can sometimes 

be connected by useful documentation of similar MO.  

III.   Linking a Suspect with a Victim  

Physical evidence can help to establish final link between a suspect and a 

victim particularly in violent crime. Blood, hairs, clothing fibers, and cosmetics 

may be transferred from a victim to a perpetrator or vice-versa. A suspect can 

be found to be in possession of items, which may be linked to a victim, such as 

a comparison of bullets or an analysis of blood found on a knife. Trace evidence 

can also be transferred from a perpetrator to a victim or vice-versa. Clothing 

and other belongings of a suspect and a victim should be thoroughly searched 

for trace evidence.  
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IV.   Linking a Person to a Crime Scene  

This is another very common and significant linkage provided by physical-

evidence analysis. Fingerprints, blood, semen, hairs, fibers, soil, bullets, 

cartridge cases, tool marks, footprints or shoe prints, tyre tracks, and objects 

that belonged to the criminal are examples of deposited evidence. Depending on 

the type of crime, various kinds of evidences from the ‘scene’ may be carried 

away. Stolen property is the most obvious example, but two way transfers of 

trace evidence can be used to link a suspect, a victim, or even a witness, to a 

crime scene.  

V.   Identification of a Suspect  

One of the best evidence for identifying a suspect is a fingerprint. A fingerprint 

found at a scene, and later identified as belonging to a particular person, 

results in an unequivocal identification of that person. The term identification as 

used here really means "individualization". Although in common usage people 

often say "identification of a suspect" or "identification of a fingerprint," this is 

not strictly correct.  

VI.   Supporting or Disproving a Witness's Testimony  

Physical evidence analysis can often indicate conclusively whether a person's 

version of a set of events is credible or not, e.g. a driver whose car matched the 

description of a hit-and-run vehicle. An examination of the car might reveal 

blood on the underside of the bumper. The driver explains the findings by 

claiming to have hit a dog. Tests on the blood can reveal whether the blood is 

from a dog or from a human.  

VII.   Providing Investigative Leads  

Physical-evidence analysis can be helpful in directing an investigation along a 

productive path. In a hit-and-run case, for example, a chip of paint from the 

vehicle can be used to narrow down the number and kinds of different cars that 

may have been involved.  

A substantial part of the work in a forensic analysis consists of making 

comparisons between questioned and known samples. Depending upon the 

degree of individuality exhibited by the samples, various conclusions can be 

drawn about the association between the people and the physical evidence in 

the case.  
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4. Principles 

Laws and principles of all the natural sciences are the bases of forensic science 

however; during the course of development this science has developed its own 

principles. These are discussed as under:  

a. The Locard’s Exchange Principle  

Also known as 'Contact exchanges traces'; this principle was first enunciated by 

a French scientist Edmond Locard.  It states that whenever there is contact 

between two surfaces, there will be a mutual exchange of matter across the 

contact boundary i.e. when a criminal or his instruments of crime comes in 

contact with the victim or the objects surrounding him, they exchange traces. It 

is virtually impossible for a criminal to commit a crime without leaving evidence 

behind and carrying away with him. Likewise, the criminal or his instruments 

pick up traces from same contact. If these traces are properly examined, these 

can establish a link between the suspect and the victim with each other or with 

the scene of crime. 

This principle is amply demonstrated in hit and run cases and in offences 

against person. Tracks and trails (foot and footwear marks; tyre marks; chance 

finger prints, tool marks; dust; paint, and soils) are other manifestations of the 

same principle.  

The basic requirement of the principle is the correct answer to the question 

'What are the places or objects with which the criminal or his tools actually 

came in contact?' If the investigating officer is able to establish the points of 

contact he is likely to be benefited in the investigation. The most probable 

locations can be: 

Point of entry: If a criminal enters the premises through a ventilator, he 

leaves his footprints/fingerprints in dust on the sill.  

At crime scene: while committing a crime, if he breaks a window or a door, 

the Jimmy (tool) leaves its mark on the wooden frame or the burglar, who opens 

safe by using an explosive or by any other mean, leaves the area around and 

the clothes (including shoes) covered with insulating material as well as some 

exploded and unexploded material.  

Point of exit: after committing crime when a person leaves the crime scene, 

criminal is likely to leave and carry minute traces or his footprints at the point 

of exit. It is seldom that he dares or neglects to leave or carry gross objects or 

traces on a thorough search, (the inconspicuous traces will always be found in 
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all types of crimes). The minute traces connect the crime and the criminals as 

effectively as the gross objects or traces.  

b. Law of individuality  

'Every object, natural or man-made, has an individuality which is not duplicated 
in any other object or  

No two things in this universe are alike even they are manufactured in the same 

machine one after the other. 

This principle, at first sight appears to be contrary to common beliefs and 

observations. The grains of sand or common salt, seeds of plants or twins look 

exactly alike. Similarly, man-made objects like coins of the same denomination 

manufactured in the mint, currency notes printed with the same printing 

blocks one after the other (excluding serial number) and typewriters of the same 

make, model and batch appear to be indistinguishable. Yet the individual 

characteristics are always there. There are small flaws in the materials, through 

mixing of raw material; fluctuation in electricity; wear and tear defects of the 

machine; in the arrangement of the crystals, imperfect stamping or due to 

inclusion of some extraneous matter. These individual characteristics can be 

useful in distinguishing intra and inter batch variations.  

The most extensive work has been carried out in fingerprints. Millions of prints 

have been examined but no two fingerprints; even from two fingers of the same 

person have ever been found to be identical.  

In a series of experiments carried out by the scientists on superimposition 

techniques for fingerprints, footprints, tool marks, die marks obtained from 

various parts of firearms, it was observed that with the best of efforts, exactly 

alike superimpositions even imprints from the same finger could not be 

produced. The fingerprints were taken one after the other, on the same paper 

with the same ink and by the same person; yet they failed to give perfect 

superimpositions. Imperfect inking, unequal pressure, slight differences in the 

text the surface of the paper or interferences from extraneous matter always 

introduced some differences.  

The law of individuality has fundamental importance and make basis for 

forensic investigation. Anything and everything involved in a crime has 

individuality. If the same is established, it connects the crime and the criminal.  

c. Law of progressive change  

'Everything changes with the passage of time’ the rate of change varies 

tremendously with different objects. It has immense impact on forensic science.  
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1. The criminals undergo progressive changes. If he is not apprehended in 
time, he becomes unrecognizable except perhaps through his 
fingerprints, bone fractures or any other characteristics of permanent 
nature, which may or may not be always available.  

2. The scene of occurrence undergoes rapid changes. The weather, the veg-
etation growth, and the living beings (especially human-beings) make ex-
tensive changes in comparatively short periods (Longer the delay in exa-
mining the scene, greater will be the changes. After some time, the scene 
may become unrecognizable).  

3. The evidences involved in crime change gradually like the firearm barrels 
loosen, metal objects rust, the shoes suffer additional wear and tear and 
the tools acquire new surface patterns. The degree of change depends 
upon the time, the upkeep and the use or the misuse of the particular 
object. In course of time the object may sometimes lose all practical 
identity vis-à-vis a particular crime.  

The principle demands prompt action in criminal investigations. 

d. Principle of Comparison 

It states that ‘only the likes can be compared’. It emphasizes the necessity of 

providing like samples and specimens for comparison with the questioned 

items. For example, in a murder case if a bullet is recovered from the deceased 

and the expert opines that the bullet has been fired from a high velocity firearm, 

then it becomes useless to send a shotgun or pistols or revolvers as the 

suspected firearm for comparison. Similarly, if a bunch of hair is recovered from 

the hands of a deceased and the expert opines that the hair belongs to a 

Negroid person, in such a case, hair from persons of white races for comparison 

will not be of any use.  Another example can be if questioned document contain 

type written text, then there is no use in sending handwritten or printed 

specimens for comparison. 

e. Principle of analysis  

This principle states that the analysis can-be no better than the sample analysed. 

Improper sampling, contaminations render the best analysis useless. This 

principle emphasizes on the necessity to collect proper sample and properly 

packed for effective use of experts.  

In a rape case, the investigating officer collects the clothes of the victim, which 

carry both blood, and semen stains. The investigating officer after properly 

drying the clothes packs them and sends them to forensic science laboratory. 

He wants to know if the clothes carry semen stains, if so, to which blood group 

does the secretor belong. 



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-4  10

A criminal while running away from the crime scene brushes against a painted 

surface. Some powdered particles of paint get deposited upon his clothes. The 

investigating officer scraps a few grams of paint from the same surface with a 

penknife and sends it as control sample. The result of the analysis shows that 

the two paints do not match. Why? 

A small amount of dust is recovered from a small sticky patch of the shoe of a 

culprit. The investigating officer collects about two kilograms of soil from the 

scene, packs it in a tin and sends it as control sample. The results of 

comparison are inconclusive. Why?   

f. Law of probability  

All identifications, definite or indefinite, are made, consciously or 

unconsciously, on the basis of probability.  

'Probability' is mostly misunderstood. If we say that according to probability a 

particular fingerprint has come from the given source, the defense counsels 

make most of the word and plead that it is not a definite opinion. Consequently, 

it is not customary to talk of 'probability' or 'probability figures' in courts.  

Probability is a mathematical concept, which determines the chances of 

occurrence of a particular event in a particular way out of a number of ways in 

which the event can take place or fail to take place with equal facility.  

If P represents probability: 

Ns the number of ways in which the event can successfully occur (with equal 

facility) and Nf the number of ways in which it can fail (with equal facility), the 

probability of success is given by the formula:   

 P =      Ns  .  

                       Ns + Nf  

If the event consists of two occurrences, which can take place independently, 

the probability of the second occurrence is also given by the same formula. If we 

denote probabilities of the first and second occurrences by attaching digits 1 

and 2 to the relevant letters, the net probability (P,) are given by the formula:  

 Pt  =  P1 X P2   =         NS1 __ X      _   NS2____  

                 NS1 + Nfl                 Ns2 + Nf2 

5. PROBLEM OF PROOF  

The question of proof in a criminal trial is becoming a difficult problem every 

day. It is related with men, law and facts. The behaviour of the men is 

habituated by their education, temperament, financial status, intelligence and 
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their bias. The law varies from land to land and is composed of enactments, 

rulings, conventions and precedences. Changes in law are comparatively slow. 

The facts are proved or disproved by circumstances and physical evidence 

through witnesses. Witness may be eyewitness or they may be expert witness. 

The later base their findings on scientific observations. The evidence is 

scrutinized by counsels and evaluated by courts.   

Oral Evidence  

Reliance is placed on the accounts of eyewitness, though experience and 

experiments have repeatedly proved that sometimes they are unreliable. 

Suggested Questions: 

 What is forensic science?  

 What is Criminalistics?  

 Explain the scientific method.  

 What is a hypothesis, and how is it related to a theory?  

 What are the major specialty areas in forensic science and discuss their 
relevance to Forensic science?  

 What are the ways in which forensic science differs from traditional 
sciences?  

 Write major function of Forensic science? 

 What kind of information about criminal acts and crimes can forensic 
science help to reveal?  

 What kind of information about criminal acts and crimes can forensic 
science help to reveal? 

 Discuss important Principles of Forensic Science and their significance. 

 Explain in detail the Principles of Individuality with examples. 

 Discuss major points from where the evidences can be collected. 

 What is problem of proof? 

 To what extent are forensic science and its findings and results used in 
criminal investigation and prosecution?  

 What are some of the ways in which forensic science services to the 
justice system could be improved?  

References and Suggested Books: 
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Hormachea (ed.), Sourcebook in Criminalistics, Reston, Reston, Va, 1974.  
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to scientific and investigative techniques CRC Press, U.S.A.  
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   FUNDAMENTALS OF CRIMINALISTICS AND CSI 

 

LESSON NO. 1.2        UNIT-A  AUTHOR : DR. MUKESH KUMAR THAKAR 

 

TOOLS AND TECHNIQUES IN FORENSIC SCINENCE 

Overview: 

 Evidentiary Clues 

 Tools and techniques 

 Suggested Questions 

 References and Suggested Books 

 

1. Evidentiary Clues 

The evidences which are present at the crime scene are called Physical-

evidence, analysis of which plays an important role in linking the criminal, 

victim and crime scene with each other. It is mainly concerned with the 

identification of traces of evidence, reconstruction of events from the physical-

evidence record, and finally establishing a common origin of samples of 

evidence. 

Two types of evidence might be very different in nature, for example, but the 

methods of analyzing them can have a great deal in common or may even be 

identical. Similarly, various types of patterns are analyzed and interpreted 

primarily as an aid to the reconstruction of events, although the patterns may 

have been produced by quite different events involving quite different materials. 

During the examination or comparison of questioned and known samples, the 

following three outcomes are possible:  

(1) They may match in all the properties used to compare them. In this case a 

common origin is possible (or, with a few kinds of evidence, like jigsaw, 

physical fits or fingerprints can be proven).  

(2) They may not match at all. In this case, the possibility of common origin is 

excluded. Exclusions are unequivocal and provide unimpeachable evidence 

of non-association. Exclusionary findings can be most helpful in conducting 

further investigations.  

(3) In some cases, the sample provided may not be sufficient to make a 

conclusive comparison. In such an instance, class characteristics of the 
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samples would be noted, but a conclusion might not be reached about the 

possibility of a common origin.  

The dimensions of a forensic science investigation may include any or all of 

three major activities in analyzing and interpreting the physical evidence:  

(1) Identification  

(2) Individualization  

(3) Reconstruction  

Identification is a process common to all the sciences and, in fact, to 

everyday life.  

It may be regarded as a classification scheme, in which items are assigned to  

categories containing like items, and given names. Different items within a 

given category all have the same generic name. In this way, botanists identify 

plants by categorizing and naming them. Likewise, chemists identify chemical 

compounds. In forensic science, identification usually means the identification 

of items of physical evidence. Some types of physical evidences require that 

scientific tests be conducted to identify them. Drugs, arson accelerants, 

bloodstains, and seminal stains are examples. Objects are identified by 

comparing their class characteristics with those of known standards or 

previously established criteria. Class characteristics are the properties that all 

the members of a certain class of objects or substances produced in a single 

batch have in common. 

Individualization is unique to forensic science and refers to the 

demonstration that a particular sample is unique, even among members of the 

same class or even manufactured in a batch (Intra batch variations). It may also 

refer to the demonstration that a questioned piece of physical evidence and a 

similar known sample have a common origin. Thus, in addition to class 

characteristics (characteristics which are common to a particular class of 

items), objects and materials possess individual characteristics (which are 

unique to a particular item) that can be used to distinguish members of the 

same class. The nature of these individual characteristics varies from one type 

of evidence to another, but forensic scientists try to take advantage of them in 

efforts to individualize a piece of physical evidence by some type of comparison 

process. Only a few types of physical evidence (primarily physical pattern 

evidence) can be truly individualized, but with some other types an approach to 

the goal of individualization is possible. We refer to these as partial 

individualizations and in some cases they are nothing more than refined 

identifications. The term identification is sometimes used to mean personal 
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identification (the individualization of persons). Fingerprints, for example, can 

be used to "identify" an individual. The terminology is unfortunate, since this 

process is really individualization. Likewise, forensic odontologists can make 

personal individualizations in situations where dead bodies cannot be readily 

identified otherwise (such as in mass disasters, or in cases of victims of fires or 

explosions) from dental evidence and dental records. 

Reconstruction refers to the process of putting the "pieces" of a case or 

situation together with the objective of reaching an understanding of a 

sequence of past events based on the record of physical evidence that has 

resulted from the events. Reconstructions are often desirable in criminal cases 

in which eyewitness evidence is absent or unreliable. They are important in 

many other types of cases too, such as automobile accidents. Identification and 

individualization of physical evidence can play important roles in providing data 

for reconstructions in some cases.  

Forensic science, by its very nature, has to do with legal matters and 
legal questions. One of its main characteristics, therefore, is its 
interaction with the elements of the criminal justice system. This feature, 
among the others discussed above (such as individualization), sets it 
apart from traditional sciences. Many forensic scientists are concerned 
almost exclusively with criminal cases, and they deal almost entirely with 
the criminal justice system. There are many kinds of civil cases, in which 
physical evidence and Forensic Science have important roles to play.  

2. Tools and Techniques 

Different tools and techniques are used in forensic science laboratories. The 

distinction between destructive and nondestructive techniques is often 

important in forensic science. A destructive method is one, which destroys the 

sample being tested in order to analyze it, thereby preventing any further 

analysis of the same samples. A nondestructive method is one, which enables 

the sample to be examined or tested without irreversibly altering it for purposes 

of subsequent testing. The distinction has important implications for the choice 

of tests to be employed and for the order in which they are to be performed with 

a particular sample, especially if it is of limited size.  

The tools and techniques used in forensic science should be well prepared to 

meet the following requirements in any analysis: 

1. Sensitivity 

2. Specificity 

3. Rapidity 
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4. Reproducibility 

These should be highly sensitive because the quantities of materials involved in 

forensic cases are extremely small to extent of traces. For example, a few 

milligrams of certain poisons are sufficient to kill a person. The quantity is 

distributed in the whole body. Only a few hundred grams of body material is 

provided for analysis. The samples contain only micro quantity of the poison. It 

has to be identified and estimated correctly. 

Similarly evidence like body fluid, paints, soils, dusts and inks are often 

recovered from the scene in micro quantities and need to be identified positively; 

otherwise the evidentiary value of the clue material is limited. 

The instruments and techniques must, therefore, be highly specific. In a 

poisoning case, e.g. it is not sufficient to identify a poison as a barbiturate but it 

is necessary to find out the specific one that it is, so that source could be traced 

and linked to the criminal.  

The number of cases requires to evaluate the clue is increasing everyday. 

Therefore the techniques and instruments used should be rapid. 

The classical examination of visceral organs is subjected to lengthy process of 

extraction, purification, identification, and estimation. The results are checked 

and crosschecked for any possible mistakes. The poison is extracted from the 

body parts like lungs, kidneys or blood, identified with chromatography. UV 

spectrophotometry can be useful for the quantitative estimation and specific 

poison is identified through IR spectrophotometry. The classical methods 

usually take days and weeks for complete analysis, whereas the above 

procedure identifies and estimates the clue material in a few hours. Similarly, 

blood alcohol in a sample (a drop or less is sufficient) may be identified and 

estimated through GC in a few minutes.  

What so ever results have been obtained in the Forensic science laboratory (may 

be by any technique) should be reproducible i.e. the same test should give 

same result whenever and wherever it is repeated. The forensic science 

laboratories are currently using both classical and modern techniques and 

making efforts to adopt only those modern techniques, which have all the above 

qualities. 

Refinement in the techniques has improved efficiency and accuracy 

considerably in recent time. For example, density gradient tubes have permitted 

density determination of very small amounts with high accuracy. 

Examination of clue materials requires the various types of measurements like 

melting point (including mixed melting points), boiling point (BP curves and 
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ranges), dimensions (length, breadth, height etc.) angle, densities, refractive 

Index, birefringence, polarization and fluorescence. 

 Physical Examinations and Methods  

 Chemical Methods 

 Chromatographic Methods 

 Spectroscopic Methods 

 Biological methods 

 Immunological Methods 

 Microscopy and Microscopical methods 

 

PHYSICAL EXAMINATIONS AND METHODS  

Physical Matching  

Some of the most definitive individualizations obtained in forensic caseworks are 

the result of physical matches. When a piece of an article is broken, torn, or cut 

away from the article, random processes are involved in the separation, 

resulting in the production of unique surface configurations at the separation 

line. If one of the two pieces is carried away in connection with some criminal 

act, the ability to rely on these random and unique configurations to 

demonstrate commonality of origin at some later stage can prove very valuable in 

the solution of a case. This kind of evidence is fairly common in cases like hit-

and-run automobile accidents, burglaries, and crimes of violence. Collisions 

involving automobiles often provide a wealth of such evidence. Physical matches 

are usually obtained by bringing the known and questioned pieces into close 

juxtaposition to try to produce a "jigsaw" fit. It is not good procedure to attempt 

physical matches in the field, or at a scene. Known and questioned pieces 

should be kept apart and packaged separately. The extent of agreement between 

the corresponding surfaces of the pieces is ascertained in the laboratory.  

There are two types of physical matches:  

 Direct  

 Indirect.  

Direct physical matches are obtained when known and questioned pieces of a 

material or object can be fitted together in a unique manner. Direct physical 

matches are also called jigsaw fit matches, and conclusively demonstrate a 

common origin of questioned and known pieces.  

Indirect physical matching is used in those situations where inadequate details 

are present to allow a direct match. Examples include cases where a smooth 
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cut separated the pieces, or where an intervening piece is missing. If the 

inability to get a convincing jigsaw fit is due to a smooth cut, comparison of the 

continuity of surface features, surface markings, or internal in homogeneities 

can be used to indicate or prove a common origin. Here, the pieces would be 

juxtaposed and examined by various visual, microscopic, and photographic 

methods. Thus, a piece of cut newspaper might be associated with the 

particular sheet it came from by comparing surface texture (fiber patterns), 

crease lines, printing, and inclusions and flaws across the cut line. If the cut 

extended to one or two edges, the matching of the edges would also be 

attempted. Similarly, if the evidence consisted of cut cloth, then thread sizes, 

flaws, dyes, and surface printing would be utilized.  

Comparison of Markings  

Comparison of markings can be used in cases where two surfaces have come in 

contact with one another and as a result one or both have received distinctive 

markings. These markings are of three kinds:  

 Imprints (Two Dimensional) 

 Indentations (Three Dimensional) 

 Striations (Parallel Scratch Marks like) 

Imprints are contact markings, which are two-dimensional. Fingerprints and 

typewriting are good examples of imprints. Other examples would be tyre 

prints, fabric pattern imprints, and foot or shoe prints on hard surfaces.  

Indentations are three-dimensional contact patterns. These produced when 

harder material leaves its impression in a softer one without sliding. Tire tracks 

in soft dirt, firing-pin indentations, and certain pry marks made with tools are 

examples 

Processes involving the movement of one or both surfaces produce striations. 

The striation markings on a fired bullet provide a good example, similarly tool 

marks produced by sliding contact.  

If a known object is to be associated with an unknown mark, it is required to 

produce a known, or exemplar, mark with the object so that comparison can be 

made directly between the two marks. Care is required in producing the 

exemplar, because it must be a realistic or close to realistic representation of 

the unknown. Attempt should be made to produce in almost similar fashion 

and on appropriate material that are believed to be responsible for the 

production of questioned mark. Thus, if an exemplar print is going to be made 



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-4  19

of a suspect's sneaker, for example, appropriate weight should be applied to it 

in producing the print.  

Determination of Physical Properties  
It is some times not possible to get physical matches, and then it becomes 

necessary to determine and compare physical properties like melting point, 

boiling point, density, refractive index, birefringence, color, and tensile strength 

etc. Although a combination of these properties can certainly be considered in 

attempts to establish common origin, these are basically class characteristics 

and are commonly used to aid in identifications. Their use in attempts to 

individualize an object is based on the assumption that a given combination of 

them is rare or unique. This assumption is true only with evidence in which the 

properties vary independently from each other and in which the range or 

variation of each property is known to be large in the overall population 

compared with that in a particular sample. Significant number of properties has 

to be determined for both the known and questioned samples to obtain a 

meaningful individualization.   

Photography Techniques  

Photography has two important and distinct purposes in forensic science. It is 
used as a means of documenting crime scenes and physical evidence. Another 
purpose is to bring out information that cannot be detected visually. 

Photographic films, which are sensitive to light outside the visible range, can be 

more useful. Light with shorter wavelengths than the shortest visible wave-

lengths is called ultraviolet, while light with wavelengths longer than the longest 

visible ones is called infrared. These types of light radiations, which are beyond 

the range of sensitivity of the human eye, can be detected using special 

photographic films. Photographs taken with UV or IR light can reveal useful 

information about various types of physical evidence including questioned 

documents, stained garments, gunshot discharge residue, and certain imprint 

patterns. Bloodstains are more or less transparent in the infrared region where 

special IR film is sensitive. One could take advantage of this fact to "see 

through" bloodstains. Photograph of gunshot residue patterns, and obliterated 

writing can often be read in a similar fashion.  

X-rays have the shortest wavelength of the three types of rays. They have 

greater penetration power and give fluorescence under suitable conditions. They 

are used in study of bullets holes, paintings, documents etc. 

Visible-light photographic techniques can be used to detect or to accentuate the 

details, which are either invisible or very faint. Various lighting techniques, film 
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types, filter combinations, or other contrast-enhancement techniques may be 

used to achieve the desired goal with different types of evidence problems. 

Filters are dyed gelatin films or colored glasses which can be placed over the 

camera lens or the light source. They are often used in black-and-white 

photography to alter the contrast relationships among differently colored areas 

of a sample.  

CHEMICAL METHODS  

Chemical Identification  

Chemical identifications can be made by allowing an unknown sample to react 

with a series of reagents. The reactions observed in each case can narrow down 

the possibilities and ultimately lead to an identification of the unknown. The 

reactions that are used must be observable. Normally, this means that an easily 

recognizable product must be formed. This product might be a precipitate, a 

gas, or a distinctively colored compound.  

The measurement of physical properties, such as refractive index, density, 

melting point, and boiling point, can also be used in connection with wet 

chemical identifications. These can be determined on samples before the 

chemical tests. Certain physical-property measurements would probably be 

included as an integral part of an analytical scheme.  

The various wet chemical identification methods could be classified as 

qualitative tests or methods and quantitative test or methods. In analytical 

chemistry, the word qualitative is used to describe analyses in which only the 

identity of a sample or its components is of concern. In situations where levels 

or amounts are to be determined, the term quantitative is used. Quantitative wet 

chemical methods can be divided into two types: gravimetric and volumetric.  

Chemical Separation Techniques  

A sample may be an element, a compound, or a mixture. A sample of a pure 

element would contain individual atoms of only one type and that a pure 

compound would contain individual molecules of only one type. A mixture is 

comprised of elements and/or compounds in various proportions.  

Distillation In this process a sample of liquid is heated to convert it into 

vapor, which is then allowed to flow to another location where it is cooled, 

condensing it back into a liquid. In the process of vaporization and 

condensation, many impurities are left behind and the sample becomes purer. 

Various modifications of the basic distillation process are used for specific 

purposes.  
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Sublimation This technique is almost similar to distillation, except that the 

solid sample is converted directly into vapor and then backs into solid. 

Sublimation is applicable only to solids which will sublime, that is, samples 

which will go directly from solid to vapor phase without melting and going 

through the liquid phase. When the sublimed vapor condenses on a cool 

surface, very pure crystals are formed.  

Crystallization When the concentration of a compound (the solute) dissolved 

in a liquid (the solvent) reaches a certain point and no more of the solute can be 

dissolved in solution, then we say that the solution is saturated. If some solvent 

is lost from a saturated solution or some other step is taken to reduce the 

amount of solute the solvent can hold, crystals of the solute may start forming. 

Under properly controlled conditions, these crystals will be purer than the 

solute material used to make the original solution. Because only very similarly 

shaped molecules of the appropriate size can be incorporated into a particular 

crystal, while it is growing, crystals tend to be quite pure. This is the basis for 

purification by crystallization.  

Solvent Extraction Most of the liquids are not mutually soluble. If we shake 

a mixture of oil and vinegar, a temporary but more or less homogeneous 

mixture will be formed. If it is allowed to stand undisturbed, however, a 

separation takes place until the oil is in a uniform layer above the vinegar. We 

say that the oil and the vinegar are not miscible or they are immiscible. Although 

some organic solvents such as alcohols and acetone are miscible with water, 

others such as chloroform and ether are not. Water will float on chloroform, and 

ether will float on water. A system of two immiscible liquids is required for the 

purification or separation of materials by solvent extraction.  

Chromatographic Methods  

The term chromatography applies to a whole family of chemical separation 

methods. These can be used to purify chemical substances or to aid in 

identification. The term chromatography itself may be somewhat misleading. Its 

Latin roots would indicate that it had something to do with "writing or painting 

with color." The term was first applied to procedures, which resulted in the 

separation of pigments from natural products. The separation yielded colored 

streaks or bands. Even though these same separation processes are now 

commonly used to separate colorless substances, but the term chromatography 

has been kept.  

Chromatography involves the separation of substances based on their relative 

affinities for two phases, one stationary and one mobile. Substances which have 
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higher affinities for the mobile phase are moved, or carried along with it, and 

are thus separated from those with higher affinities for the stationary phase.  

Paper Chromatography  

Paper chromatography is one of the simplest types of chromatography. In its 

most rudimentary form, the separation taking place is like that which occurs 

when water is accidentally spilled on a document which has been written with a 

water-soluble multi component ink. The ink lines will smear and run. Some of 

the differently colored dyes in the ink will move at different rates and will look 

like subtle, colored fringes at the edges of the diffused ink lines. In paper chro-

matography, this process is more carefully arranged and controlled. Special 

types of papers, which may have been subjected to pretreatments, are used. In 

addition, special solvents or mixtures of solvents are used to achieve the desired 

separation. In paper chromatography, the substances to be separated or 

analyzed are placed as discrete spots (spotted) at a specified distance from one 

edge of the paper. This edge is then dipped into the solvent. As the paper is 

wetted, the solvent migrates along the paper by capillary action. It may move 

up, down, or horizontally, depending upon the physical arrangement of the 

apparatus selected.  

Thin-Layer Chromatography  

Thin-layer chromatography (TLC) is closely analogous to paper 

chromatography, except that the separation takes place in a thin layer of 

absorbent material, such as alumina, silica gel, or cellulose, coated onto an 

inert backing material, such as glass plates or plastic sheets. In most TLC 

methods, as in paper chromatography, samples are applied as small spots, the 

plate or sheet is then placed in a chamber, one edge dipped into a solvent. The 

solvent is allowed to migrate up the plate to some predetermined height before 

the plate is removed from the chamber. If the components are simple dyes or 

pigments, the analysis may be completed by visual inspection. For other types 

of components, special visualization methods are necessary. These methods 

may entail the use of UV light examination, or of special chemical sprays, which 

produce colored reaction products with the invisible compounds. In some cases, 

several visualization methods may be applied to a single plate. TLC is very 

commonly used in forensic science laboratories for the analysis of drugs, inks, 

and textile dyes etc.  

In order to standardize the TLC method, a quantity called the Rf has been 

defined. Rf values apply to any individual components, which can be separated 

by TLC in a defined solvent system under defined conditions. The Rf is the 
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distance, which a particular component migrates, divided by the distance, 

which the solvent front migrates. Expressed as a formula,  

Rf   =  Distance traveled by component (solute) /Distance traveled by solvent  

The Rf is thus a constant for a particular compound under a defined set of TLC 

conditions.  

Column Chromatography  

In this technique, a vertical glass tube is filled with a granular absorbent or 

other substance. This substance acts as stationary phase. The sample is then 

added to the top of the column, followed by a special solvent selected as the 

mobile phase. As the solvent flows through the column under the influence of 

gravity or pressure, various components of the sample mixture will migrate at 

different rates and thus arrive at the lower end of the column at different time. 

Fractions collected at various intervals will thus contain the different, separated 

components. These fractions can then be subjected to further analysis by other 

methods.  

Column chromatographic methods differ from one another on the basis of the 

principle involved in the separation, which in turn depends on the substance 

used to fill the column. Some materials like alumina, diatomaceous earth 

brings about separation on the basis of differential adsorption of various 

molecules in the mixture. The principle involved here is quite similar to that 

involved in TLC.  

Ion-exchange chromatography 

In this technique the molecules having a net charge (ions) can be separated. 

Here, inert matrix materials are chemically bonded to molecules, which have a 

fixed charge. In suitable forms, such ion-exchange resins can be packed into 

columns and used to bind and separate mixtures of molecules, which have the 

opposite charge (because unlike charges attract). In some cases, the net charge 

on the column material, or on the sample molecules, or both, is dependent 

upon pH, giving even greater flexibility. Certain types of ion-exchange 

chromatography are very useful in biochemistry for the separation of protein or 

nucleic acid molecules. Gel permeation (or molecular sieve) chromatography is a 

technique for separating large molecules on the basis of their size. This versatile 

procedure is commonly used in biochemical studies of proteins and other large 

molecules.  

High-Performance Liquid Chromatography  

High-performance liquid chromatography (HPLC) is very similar to the column 

chromatographic methods. Instead of an open vertical tube and gravity-induced 
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flow, however, it utilizes a closed system and pumps to pressurize the solvent 

(mobile phase) and force it through the column. The pumps and column are 

generally contained within an instrument known as a liquid chromatograph. All 

instruments, however, have detectors and components for control and readout 

of the column pressure. Several different types of detectors can be used. These 

are placed at the end of the column to recognize, or detect, the components as 

they emerge from the column. The detector signal is then amplified and 

displayed on a strip-chart recorder to yield a liquid chromatogram. The fractions 

can also be collected as they are in column chromatography. HPLC can be 

applied to the analysis of drugs and explosives as well as other samples.  

Gas Chromatography  

It requires minute quantity and gives qualitative and quantitative results within 

minutes. The technique is applied for the analysis of gases, liquid, vaporizable 

solids and substance which pyrolyse to give identifiable volatile products. Gas 

chromatography (GC) is similar in many respects to HPLC, although it was 

developed and perfected earlier. In GC, the mobile phase is a gas, commonly 

referred to as the carrier gas. The stationary phase in one type of GC is an 

absorbent. This type is particularly useful for the analysis of simple gases.  

Samples, which cannot be easily volatilized, such as high-molecular-weight 

polymers, can be analyzed by an ancillary technique known as pyrolysis gas 

chromatography (PGC). In this procedure, the sample is heated in an inert 

carrier gas to a temperature high enough to decompose it. The large numbers of 

small molecules produced in this way can then be separated gas 

chromatographically to yield a characteristic complex pattern of peaks. Samples 

of forensic interest, which can be analyzed by PGC, include paint chips, fibers, 

plastics, tars, and greases.  

Spectroscopic Methods  

This technique is useful in the analysis of the clue materials. Its use is limited 

to elemental analysis of some elements and their components. The intensities of 

the various curves are useful in the quantitative estimation. The technique is 

used in the identification of metallic poisons, paints, glass and soils etc. 

The methods of chemical analysis in this category take advantage of the 

interaction of radiation from some portion of the electromagnetic spectrum with 

the sample.   

Emission Spectrography  

Various chemicals can alter the color of a flame. Some of the more common 

examples of this behavior are: Sodium salts, which yield an orange-yellow 
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flame; strontium salts, which yield a red flame; potassium salts, which yield a 

delicate violet flame; and copper salts, which yield either blue or green flames. If 

the light from such flames is broken down into a spectrum using either a prism 

or diffraction grating, much more detail about the change becomes apparent. In 

fact, many elements, which do not appear to alter flame colors in any visually 

recognizable way can be identified when the light produced is broken down into 

a spectrum. The characteristic spectra that are produced by breaking down the 

light from flames or electric arcs containing atoms of a sample are known as 

emission spectra.  

The spectrograph is a device for producing and recording emission spectra. It 

has been used in forensic science laboratories for many years. In most of these 

instruments, the sample is vaporized and excited in an electric arc. The 

resulting spectrum is registered on film or a photographic plate to produce a 

permanent record.  

Emission spectrography is a method of analyzing for the presence of atoms of 

elements without regard to the molecule(s) of which the atoms are a part. For 

this reason, it is referred to as an elemental analysis method.  

The chief strength of the method is its capability for simultaneous analysis of 

a large number of elements at relatively low concentrations. The major 

drawback for forensic applications is the fact that the quantitative accuracy 

and reproducibility are relatively poor.  

Atomic Absorption Spectrophotometry  

The availability of atomic absorption (AA) instrumentation is a relatively recent 

development. AA can be looked upon as the reverse of emission spectrography. 

Here, the absorption of light by the sample atoms of interest, rather than the 

emission, is utilized. The method is extremely sensitive for many elements and 

has excellent quantitative accuracy.  

Its major disadvantage is that only one or at most, two elements can be 

determined at one time.  

Plasma Emission Spectrophotometry  

The plasma emission spectrophotometer is a very recent development. It 

overcomes some of the shortcomings of both the emission spectrograph and the 

AA spectrophotometer. Like the spectrograph, it utilizes the information 

contained within the emission spectrum of samples, and like the AA, the light 

intensities are determined photometrically. A special source, known as a 

plasma arc, is used to heat and excite the sample. The light produced is broken 

down into a spectrum and examined by separate electronic detectors placed at 
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pre selected "locations" in the spectrum, so that up to 20 or so elements can 

be accurately quantitated at one time. The forensic applications of this 

technique are only now being explored.  

The techniques like Ultraviolet-Visible Spectrophotometry; Infrared Spectrophotometry; 

Spectrophotoftuorometry can be applied to differentiate many samples of 

forensic interest. They include tire rubbers, greases, new and used motor oils, 

and surgical adhesive tapes etc. Under the favorable circumstances, the 

technique is sensitive enough to work with samples as small as crankcase oil 

drippings or particles of rubber collected from a tire smear or a skid mark.  

Neutron Activation Analysis (NAA)  

Most of the elements can be made radioactive. The radioactivity is the 

characteristics of the elements and is studied by spectrometry. 

The technique is very sensitive and specific.  It has applications in the 

examination of hair, plant materials, paints, and soil etc. 

NAA is a sensitive elemental-analysis technique that can be applied to a broad 

range of elements. The sample to be analyzed is placed in a source of slow-

moving neutrons (thermal neutrons), such as in the core of a nuclear reactor. 

The neutrons combine with the nuclei of many of the atoms in the sample to 

produce unstable, or radioactive, nuclei (radioisotopes). The production of these 

radioactive atoms is the activation step. After a suitable activation period, the 

sample is removed from the reactor core and placed in a gamma-ray 

spectrometer. As the radioactive nuclei that were produced in the activation 

step decay, they give off gamma rays with energies that are characteristic of the 

nuclei, which produced them. A scientist can determine many of the elements 

originally present in the sample from a study of the gamma ray spectrum. Other 

rays (alpha and beta) are also given off when certain nuclei decay. In some 

cases, the energy distribution of the beta rays produced may also be studied.  

NAA is very insensitive to lead concentrations, whereas AA is very sensitive for 

lead determinations. Because of these problems, NAA is now used less 

frequently for determination of gunshot residue.  

X-Ray Fluorescence  

Like SPF, x-ray fluorescence (XRF) involves the analysis of radiation emitted 

when higher-energy (shorter-wavelength) radiation interacts with the specimen, 

the characteristic x-rays can also be generated when a high energy electron 

beam strikes a sample. “Dispersing” them according to their wavelengths or 

their energies can produce a spectrum of these x-rays. Spectra of this kind yield 

information about the elemental composition of the specimen. The term x-ray 
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fluorescence applies to instruments or techniques where shorter-wavelength x-

rays induce the emission of x-rays. This technique is excellent for the elemental 

analysis of individual microscopic particles.  

Additional Instrumental Method  

Scanning Electron Microscopy  

The scanning electron microscope (SEM) is a distinctly different instrument 

from the transmission electron microscope (TEM). The SEM is used to study 

surface morphology. The images produced are striking and often give the 

illusion of being three-dimensional. In addition, surface features at various 

depths within the sample region can all be in clear focus at the same time; in 

other words, the SEM exhibits excellent depth of field. SEM is thus capable of 

giving both morphological and compositional information from small samples, 

which is a great advantage in certain forensic problems. A good example is in 

the analysis of gunshot residue particles.  

X-Ray Diffraction  

The ability of X-ray diffraction (XRD) to determine the lattice spacing within 

crystals makes it a useful identification tool for crystalline evidence materials, 

including drugs, soil, minerals, and paint pigments etc.  

Mass Spectrometry  

In spite of the name, mass spectrometry (or mass spectroscopy) is not a 

spectroscopic method. Electromagnetic spectra are not involved. The so-called 

spectra are arrays of ionized or otherwise charged, atoms or molecules 

separated on the basis of their mass-to-charge ratios.  

In the magnetic-sector instrument, the beam of ions enters a magnetic field. 

The orientation of the beam to the field is such that the charged particles in the 

beam follow curved paths. Ions with higher charges and lesser masses follow 

highly curved paths. Those with lower charges and greater masses follow 

straighter paths. The mass-to-charge ratios of these ions can be determined 

from the paths they follow.  

MS instruments are becoming more widely employed in forensic laboratories for  

drug identifications and for identifying accelerants particularly in arson cases. 

For most forensic applications, the MS technique is used in conjunction with 

GC to yield a very powerful combination known as GC-MS. Here, the samples 

emerging from the GC are directly introduced into the MS source so that a 

complete mass spectrum can be obtained on each component of the sample 
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separated by GC. MS also has potential for becoming a valuable 

individualization tool in criminalistics.  

BIOLOGICAL METHODS  

Morphological Methods  

Since classification systems used in biology are based largely on a detailed 

consideration and comparison of morphological characteristics, it is not 

surprising that biological identifications often depend upon morphological 

observation. These may be macroscopic studies on large specimens using the 

naked eye, or they may be done with small samples utilizing microscopical 

observations.  

Biochemical Methods  

Biochemistry can be defined as the chemistry of biological systems or, more 

simply, as the chemistry of life processes. The reactions, syntheses, and 

breakdown of biochemical, such as carbohydrates, lipids, proteins, and nucleic 

acids, and their organization and function in living systems are the subject of 

biochemistry. One of the most important aspects of the field is the study of 

enzymes and of enzyme-catalyzed reactions, Enzymes are proteins, which have 

the special function of serving as biological catalysts.  

Many biochemical methods used in forensic science are designed to test for the 

presence of particular enzymes.  

Electrophoresis 

Another important separation technique in biochemistry is electrophoresis.  This 

can be used to separate large molecules on the basis of their net charge 

differences. Sample molecules are placed into a stabilizing medium across 

which an electric field can be applied. They will migrate toward the pole (+ or -) 

opposite to their own charge. Under a given set of conditions, many of the 

sample molecules will migrate at different rates, thus bringing about their 

separation. Most electrophoretic techniques used in forensic science are carried 

out in stabilizing support media, such as hydrolyzed starch, agrose or 

polyacrylamide gels, or cellulose acetate. An important application of 

electrophoresis in forensic science is in isoenzyme and serum-protein typing.  

Another related technique, called isoelectric focusing, is now being used in 

forensic serology for certain enzyme and serum-protein separations particularly 

of closely related species. In this technique, special carrier molecules are added 

to the medium across which electric current is applied, and separation takes 

place according to the isoelectric points of the sample molecules. Sometimes, 
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separations can be obtained using isoelectric focusing, which cannot be 

obtained as readily by conventional electrophoretic procedures.  

Immunological Methods  

When an individual is exposed to a bacterium or virus, which can cause 

disease, body's defensive response consists of developing antibodies, which 

recognize and disable the foreign organism without harming normal body 

tissues. Antibodies are special protein molecules, which will specifically attach 

themselves to certain structural configurations on the surface of the invading 

organism. These configurations are known as antigenic sites. In this case, the 

foreign organism could be called the antigen. Antigens can also be large 

molecules, which are recognized by the animal body as "foreign" or "non-self". 

Antigens may be defined as agents or molecules, which will induce an animal 

body to produce antibodies specific for the inducing agent or molecule. The field 

of study that deals with antigen-antibody and their reactions is called 

immunology.  

Forensic serologists use special antibody preparations known as antisera to test 

for specific antigens in unknown samples. Antibodies prepared in animals are 

used extensively to determine the species of origin of blood, to identify certain 

body fluids, and to measure the amounts of hormones and drugs in body fluids 

and tissues by a technique called radio immunoassay (RIA).  

The Immunological methods are among the most powerful for dealing with 

many biological samples. They have the potential of being both very sensitive 

and very specific. All immunological methods involve tests with, or for, antigens 

or antibodies.  

MICROSCOPY AND MICROSCOPICAL METHODS 

General Considerations  

Microscopy is a very important tool in forensic science. The term microscopy 

refers only to the use of the microscope, but in fact it has a much broader 

meaning. Microscopy is an analytical approach in which some type (or types) of 

microscope is used in conjunction with any and all other types of appropriate 

analytical instrumentation. Any number of intricate and sophisticated 

qualitative determinations and quantitative measurements can be made on 

exceedingly small samples using microscopes. In those cases in which 

microscopes are used along with other types of instruments, the selection of the 

other instruments needed and the order in which they will be used often 

depends on the results of the microscopical examination. One of the major 

strengths of microscopy is the integration of microscopical and non-
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microscopical instrumentation in solving problems. The only limitation of the 

microscopical approach is that years of training and experience are required to 

become an accomplished microscopist. As a result, skilled microscopists are 

comparatively rare.  

Many varieties and types of microscopes exist. Those, which find extensive use 

in forensic laboratories, are discussed below:  

The Simple Microscope  

A simple microscope is little more than a refined magnifying glass. Examples of 

simple microscopes include hand lenses, linen testers, and fingerprint 

magnifiers. These are small, portable, and easy to use in the field. In simple 

microscopes, most of the elements can be made radioactive. The radioactivity is 

the characteristics of the elements and is studied by spectrometry. 

The technique is most sensitive and specific.  It has been utilized in the 

examination of hair, plant materials, paints, dusts; soil etc magnification takes 

place in a single stage. A virtual image, not a real one, is formed. The difference 

between real and virtual images is explained in the next section.   

The Biological Microscope  

The compound microscope means that the magnification takes place in two 

stages. The enlarged image produced by one lens system (the objective) is 

magnified further by a second lens system (the ocular, or eyepiece). The 

objective produces a real image of the object; the ocular then treats this real 

image as an actual object, and forms an enlarged virtual image of it. This virtual 

image is like the one produced by a simple microscope. The virtual image 

produced by a simple microscope, or by the ocular of a compound microscope, 

cannot be projected.  

The compound microscope has a very convenient and versatile design. All the 

remaining types of optical (light) microscopes are compound microscopes. The 

so-called biological microscope is the most common example of a compound 

microscope.  

Serologists may use this type of microscope for reading the results of dried 

bloodstain typing or for searching for spermatozoa in specimens from a rape 

case. Hair examiners may use it for examinations of scale pattern, medulla, and 

other comparison characteristics, and drug chemists use this instrument to 

examine the results of their crystal tests.  
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The Stereoscopic Binocular Microscope  

This type of microscope provides a three-dimensional image. In reality, it 

consists of two compound microscopes mounted side by side in the same 

housing. The three dimensional imaging is possible because each eye is 

provided with its own individual microscope. This imaging in three dimensions 

is directly analogous to that employed in the binoculars used by bird watchers 

and others, in which two telescopes are mounted side by side in the same 

housing. The stereoscopic binocular microscope, or stereomicroscope, is used 

for low- to medium-power work only.  

Forensic scientists in almost every specialty area, including questioned 

documents, firearms, tool marks, trace evidence, and serology, use the 

stereomicroscope. Many preliminary examinations, as well as sorting and 

sampling operations, are carried out with the stereomicroscope.  

The Polarized-Light Microscope  

Although stereomicroscopes are applicable to a broad range of forensic 

problems, the polarized-light microscope is the most versatile of all for obtaining 

in-depth information from a sample, especially a sample of transfer or trace 

evidence. Mineralogists refer to this type of microscope as a petrographic 

microscope. Historically, one of the first uses of polarized-light microscopy was 

the identification of minerals, and of mineral grains in soil.  

The simplest polarizing microscopes are similar to biological microscopes with 

certain optical and mechanical refinements added. At a minimum, these would 

include two polarizing filters, called the polarizer and the analyzer, and a 

circular rotating stage. The polarizer is placed in the light path of the 

microscope below the sample (normally, beneath the condenser), and the 

analyzer is placed above the sample (above the objective). The rotating stage 

allows the sample to be rotated about the optical axis of the microscope.  

The Comparison Microscope  

Two different types of comparison microscopes are used in forensic laboratories. 

They are similar in optical design and general mechanical construction, but 

differ in the range of magnifying powers available and in the type of illumination 

employed. One type is used to compare opaque objects, such as bullets, 

cartridge cases, and tool marks. Incident light is used with this type of 

comparison microscope. The other type of comparison microscope is generally 

equivalent to having two biological, or polarized-light, microscopes connected by 

a prism arrangement known as a comparison bridge. This bridge arrangement, 
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used in both types of comparison microscopes, allows the fields of view from the 

two separate microscopes to be juxtaposed.  

Electron Microscopes  

Electron microscopes exist in two primary types. They differ in a way very 

roughly analogous to the way light microscopes differ according to the type of 

illumination used (incident and transmitted).  

The first type of electron microscope is known as the transmission electron 

microscope (TEM). Commercial versions of TEMs have been in use for more than 

40 years. The sample needed for TEM must be very thin, or a very thin "replica" 

of the sample must be examined. In a TEM, the electrons used in forming the 

image pass through the sample, like the light through transparent samples 

when transmitted light is used with the light microscope.  

The other type of electron microscope, which can be used with thick three-

dimensional samples, is known as the scanning electron microscope (SEM). In 

this arrangement, the electron beam does not pass through the sample. 

Instead, the electron beam in the instrument is scanned across the sample in a 

raster pattern, like that used in television sets. At each point where the electron 

beam strikes the sample, the electrons may be reflected or scattered off the 

surface, or may release secondary electrons from just beneath the surface of the 

specimen. Either back-scattered or secondary electrons can be used in the 

formation of the image.  

As relatively thick, three-dimensional samples can be examined, the SEM has a 

number of applications in forensic science. Extensive sample preparation, such 

as making thin sections or replicas, is not necessary with SEM (as it is for 

TEM). The only sample preparation that is sometimes required with SEM is the 

coating of nonmetallic samples with a very thin layer of conductive material 

(such as gold or carbon). This coating prevents the buildup of electric charge on 

the nonconductive sample surface. The coating is extremely thin and is applied 

by one of two vacuum coating techniques known as vacuum evaporation and 

sputtering.  

The SEM can resolve finer structural detail than any other light microscope. In 

addition, SEM photomicrographs exhibit remarkably high depths of field, which 

can never be approached in normal photomicrographs.  

The uses of SEM in forensic science range from examinations of tool marks, the 

markings on bullets and cartridge cases, to the studies of the surfaces of hairs 

and small particles. The particle analysis capability of the SEM has recently 

been applied to the problem of identifying gunshot residue. A major component 
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of gunshot residue is small particles, which are deposited on surfaces (skin, 

clothing) in the vicinity of a firearm when it is discharged. Despite their high 

cost, SEMs are becoming more important in forensic science laboratories.  

Present Day Capabilities  

Three primary activities of the forensic science laboratory have already been 

mentioned i.e. identification, individualization, and reconstruction. At the present 

time, the first of these is more highly developed and poses fewer problems than 

the other two.  

True individualizations are possible only in cases involving certain physical 

matches and patterned markings, such as tool marks and fingerprints. The 

sophisticated chemical techniques, as they are not sufficient to individualize 

evidence based upon composition. More research and development are needed 

to achieve perfect individualisation. In certain areas, such as in individualizing 

dried bloodstains, much progress has been made in recent years, but hairs, for 

example, are still compared by the same basic morphological techniques that 

have been used for over 50 years. These comparisons can yield useful results in 

experienced and competent hands. The number and quality of reconstructions 

that contribute to solutions at both investigative and adjudicative stages of 

cases could be greatly improved. More laboratory scientists need to become 

involved in reconstructions, and better communication between scene and 

laboratory personnel is essential.  

It is necessary to distinguish between what we sometimes call the "state of the 

art" in physical-evidence analysis and the practical, real-world analyses that are 

carried out in an average laboratory. The state of the art refers to the analyses 

that could be conducted, given a completely ideal situation. There are few 

laboratories that have the resources, trained personnel, and time to carry out 

state-of-the-art analyses on every different kind of physical evidence.  

Improvements are possible at every stage like search, recognition, collection, 

analysis, interpretation, and presentation of findings in court. As these 

improvements take place, more and more laboratories will be able to provide 

more and better services for the investigation and disposition of cases.  

Suggested Questions  

 What is physical evidence? 

 What type of information evidences provides to achieve aim of forensic 
Science? 

 What are the three major activities involved in analyzing and interpreting 
physical evidence?  
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 What is a class characteristic?  

 What is an individual characteristic?  

 What does identification mean?  

 What does individualization mean?  

 What does reconstruction mean?  

 What is the general difference between criminal and civil cases?  

 How is forensic science involved in criminal cases?  

 How is forensic science involved in civil cases?  

 Discuss in detail the characteristics of tools and techniques used in Forensic 
Science. 

 What is a physical match? What kinds of evidence are suited to physical 
matching?  

 Name the three kinds of markings that can be compared on physical 
evidence. How do these differ?  

 What is a physical property of evidence?  

 Name several physical properties, and explain what each of them is.  

 How can physical properties be useful in the analysis of physical 
evidence?  

 What are the principal applications of photography in forensic science?  

 Why instrumentation division is important in Forensic science?  

 What are chemical identifications? Name several ways in which 
these are done.  

 What is the difference between a qualitative and a quantitative test?  

 Name four chemical separation techniques and briefly describe how each 
works.  

 What is chromatography? Name several different kinds of 
chromatography, and briefly explain how each works. 

 What are spectroscopic methods? Explain the underlying principle on 
which they are based.  

 Name four spectroscopic methods and briefly explain how each works.  

 What is neutron activation analysis? How does it work? How is it used in 
forensic science?  

 What is mass spectrometry? How does it work? Is it a spectroscopic 
method?  

 What is x-ray diffraction, and how does it work? How is it used in forensic 
science?  

 Name several biological methods used in forensic sciences.  
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 What is an enzyme? How are enzymes used in forensic sciences?  

 What is immunology? Name several Immunological methods and explain 
how they are used in forensic science.  

 Why is microscopy important in forensic science?  

 Name four types of microscopes. Explain briefly how they-are different 
from one another and how each might be used in forensic science.  

 What is a scanning electron microscope? How is it used in forensic 
science? How does it differ from a transmission electron microscope? 
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   FUNDAMENTALS OF CRIMINALISTICS AND CSI 

 

LESSON NO. 1.3         UNIT-A          

 

INSTRUMENTAL TECHNIQUES AND THEIR APPLICATIONS 

Overview: 

 MICROSCOPY   

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PHASE CONTRAST MICROSCOPE 

COMPOUND MICROSCOPE 

TYPE OF ANALYSIS:  Magnification up to 1000x 

SAMPLE FORM:  Solid, Semisolid, Thin enough so that light should pass 

through it. 

FORENSIC APPLICATIONS:   
1. For studying histological studies. 
2. For blood analysis. 
3. For studying microscopic properties of drugs having plant origin.  

 

COMPARISON MICROSCOPE 
 
TYPE OF ANALYSIS:  Comparison of two objects at same magnification and in 

the same field 

SAMPLE FORM: Opaque and solid. 

FORENSIC APPLICATIONS:   
1. For comparing rifling marks on bullets 
2. Ejector marks and firing pin impressions on cartridge cases 
3. For comparing tool marks and paint chips 
4. Comparison of hair 

 
STEREOMICROSCOPE 

 
TYPE OF ANALYSIS:  3-D study of samples 

SAMPLE FORM:  solid 

FORENSIC APPLICATIONS:  

1. Preliminary examination of the samples 
2. Study of hair and fiber 
3. Identification of sequence of strokes in handwriting. 
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TYPE OF ANALYSIS:  Details in the image appear darker/brighter against a 

background 

SAMPLE FORM: Colorless and transparent specimen 

FORENSIC APPLICATIONS: 

1. Living specimens of microbes can be studied 
2. Can also be used for studying glass fragments and fibers 

 

POLARISING MICROSCOPE 
 
TYPE OF ANALYSIS: Compensators are used to introduce interference colors 

into specimen images for contrast and to determine certain qualitative as well 
as quantitative optical property of the crystal. 

SAMPLE FORM: The polarizing microscope allows transparent solids to be 

examined in plane polarized light. 

FORENSIC APPLICATIONS: For the identification of  

1. mineral grains from sand and soil 
2. Synthetic and regenerated fibers 

3. Drug crystals 
4. Cosmetics 

5. Paint pigments 
6. Explosives 

7. Dust particles 

8. For finding refractive index of glass 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

SCANNING ELECTRON MICROSCOPE (SEM) 
 
TYPE OF ANALYSIS:  topographical studies, magnification power upto 

100,000x, resolution of 5 nm. 

SAMPLE FORM: Solid. The sample should be completely dehydrated. 

Nonmetals should be covered with a thin layer of conductive material. This is 
done by using “sputter coater”. 

FLUORESCENCE MICROSCOPE 
 

TYPE OF ANALYSIS: Study specimen that fluoresce the light i.e. emits light of 

different color  

SAMPLE FORM: The material should be fluorescent in nature (natural or made 

fluorescent by using various dyes) 

FORENSIC APPLICATIONS:  

1. Imaging genetic material within cells 
2. Imaging structural components of small cells 
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FORENSIC APPLICATIONS: 
1. Gunshot residue analysis  
2. Firearms identification (bullet markings comparison)  
3. Investigation of gemstones and jewellery  
4. Examination of paint particles and fibers  
5. Filament bulb investigations at traffic accidents  
6. Handwriting and print examination / forgery  
7. Counterfeit bank notes 
8. Trace comparison  
9. Examination of non-conducting materials. 

 

 

 

 

 

 

 

 

CHROMATOGRAPHIC TECHNIQUES 

 
HIGH PERFORMANCE THIN LAYER CHROMATOGRAPHY (HPTLC) 

 
TYPE OF ANALYSIS: QUALITATIVE and QUANTITATIVE technique. Better 

resolution. 

SAMPLE FORM: Solids and liquid samples. 

FORENSIC APPLICATIONS: Used for analysis of  

1. Medicinal plants 
2. Isolation of hallucinogens 
3. Separation of opium alkaloids 

 

THIN LAYER CHROMATOGRAPHY (TLC) 
 
TYPE OF ANALYSIS: Separation of two or more compounds by the distribution 

between two phases, one is mobile and the other is stationary. Semi-quantitative 
as well as tentative qualitative technique.  

SAMPLE FORM: Solid and liquids. Solids are dissolved in few milliliters of 

volatile solvent to change it in solution form. 

FORENSIC APPLICATIONS: Used for separation of components of  

1. Dyes 
2. Drugs 
3. Cosmetics 
4. Inks 
5. Pigments 

 

TRANMISSION ELECTRON MICROSCOPE (TEM) 
 
TYPE OF ANALYSIS: Morphological and compositional studies of components. 

SAMPLE FORM: Ultrathin samples 

FORENSIC APPLICATIONS: 

1. View frozen material (in a TEM with a cryostage) 

2. Image morphology of samples, e.g. view sections of material, fine powders 
suspended on a thin film, small whole organisms such as viruses or 
bacteria, and frozen solutions. 
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HIGH PRESSURE LIQUID CHROMATOGRAPHY (HPLC) 

 
TYPE OF ANALYSIS: separation technique, Quantitative Separation technique 

SAMPLE FORM: Liquid sample, Sample volume 5-20 micro liters. 

FORENSIC APPLICATIONS: Used for separation of non volatile compounds 

1. Organic chemicals like polymers (e.g. polystyrene, polyethylene) 
2. Heavy hydrocarbons like asphalt or motor oil 
3. Pharmaceutical products 

GAS CHROMATOGRAPHY (GC) 
 

TYPE OF ANALYSIS: Analytical separation technique, qualitative. 

Quantitative analysis can be done by hyphenating it with MS.  
 

SAMPLE FORM: sample can be a gas, liquid or in some cases a solid (thermally 

stable) 

FORENSIC APPLICATIONS: 

1. Drug analysis 
2. Arson residues 
3. Toxicological samples 
4. Analysis of organic compounds 
5. Paint analysis 
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ELECROPHORESIS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SPECTROSCOPY 

 

 

 

 

 

 

 

CAPILLARY ELECROPHORESIS 
 
TYPE OF ANALYSIS: Both qualitative and quantitative. 

SAMPLE FORM: Solid and liquid samples. solid samples must be dissolved 

in liquid (electrolytic solution) liquid  samples can be injected directly, 
concentrated or diluted. 

FORENSIC APPLICATIONS: Separation and determination of same 

samples as in HPLC 

1. Analysis of ions. 
2. Analysis of explosives. 
3. Organic chemicals like polymers (e.g. polystyrene, polyethylene). 
4. Heavy hydrocarbons like asphalt or motor oil. 
5. Pharmaceutical products. 

 

GEL ELECTROPHORESIS 
 
TYPE OF ANALYSIS: Separation technique, Qualitative 

SAMPLE FORM:  liquid form 

 

FORENSIC APPLICATIONS:  

1. Species origin from body fluids.  

2. DNA separation. 

3. Blood protein analysis 

 

UV-VISIBLE SPECTROSCOPY 
 

TYPE OF ANALYSIS: Identification and estimation of compound on the 

basis of absorption maxima. 

SAMPLE FORM: Sample should be dilute. 

FORENSIC APPLICATIONS: 

1. For determination of exact color of the substance like in case of paint 
chip analysis. 

2. Comparison of color of two fibers 
3. Quantity of material in mixture like heroine in carbohydrates. 
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ATOMIC ABSORPTION SPECTROSCOPY 

TYPE OF ANALYSIS: Quantitative technique (quantification of 70 elements 

in virtually same sample type.) 

SAMPLE FORM: Liquid (filtered and preconcentrated), Solid (dissolve in 

appropriate liquid.) 

FORENSIC APPLICATIONS: 

1. analysis of additives in lubricating oils and greases (Ba, Ca, Na, Li, Zn, 
Mg) 

2. elemental analysis 
3. Study of different biological samples. 
4.  

ATOMIC EMISSION SPECTROSCOPY 
TYPE OF ANALYSIS: Quantitative technique 

SAMPLE FORM: Solid, liquid and gaseous. 

FORENSIC APPLICATIONS:  

1. Analysis of food stuff 

2. Detection of metallic poisons. 

3. Analysis of paint samples 

4. Analysis of cosmetics 

INDUCTIVELY COUPLED PLASMA (ICP) 
 
TYPE OF ANALYSIS: Both qualitative and quantitative. 

SAMPLE FORM: Solid and liquid samples. Solids are dissolved in 

appropriate liquids. 

FORENSIC APPLICATIONS:  
1. Ionizable samples. 
2. Elemental profiling.  

INFRA-RED SPECTROSCOPY 
TYPE OF ANALYSIS: Gases- Gases, or liquids with low boiling points, 

allowed to expand into an evacuated sample cell. Liquid- Sample should be 
pure.Solid NaCl plates most commonly employed as “windows” (NaCl does not 
absorb infrared light in the mid-IR region) 
Solids- A solution of the solid sample can sometimes be used (but also must 
consider theproperties of the solvent) “KBr press”: solid sample mixed with 
solid KBr and then ground and pressed in a special die to yield a transparent 
“window” 

SAMPLE FORM:  Solid 

FORENSIC APPLICATIONS:  

1. Paint chip analysis 
2. Drugs of abuse 

 



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-4  42

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NEUTRON ACTIVATION ANALYSIS (NAA) 
 
TYPE OF ANALYSIS:  
SAMPLE FORM:   
 
FORENSIC APPLICATIONS: 

FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR) 
 
TYPE OF ANALYSIS:  Used to get the information-rich region of the 

electromagnetic region, between 4,000 – 400 cm-1, also known as the mid-IR 
region 

SAMPLE FORM:  Solid 

FORENSIC APPLICATIONS:  

1. Identification of explosives 
2. Drugs of abuse 

NUCLEAR MAGNETIC RESONANCE(NMR) 
TYPE OF ANALYSIS: Both qualitative and quantitative. 

SAMPLE FORM: Liquid and solid samples. Large amount of purified sample 

is required. 

FORENSIC APPLICATIONS: 

1. Proteins and DNA in solution. 
2. Compounds are analyzed to determine stereochemistry. 

 

RAMAN SPECTROSCOPY 
 
TYPE OF ANALYSIS: Qualitative 

SAMPLE FORM: Solid, liquid and gases. 

FORENSIC APPLICATIONS:  

1. Inorganic compounds. 
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MASS SPECTROSCOPY 
 

TYPE OF ANALYSIS: Measures charge to mass ratio to identify the 

components of a compound, Quantitative and qualitative 

SAMPLE FORM:  Vapor form when coupled with GC, Liquid when coupled 

with LC 

FORENSIC APPLICATIONS:  

1. Identification of unknown compound 
2. Determine isotopic composition of elements 
3. Determine structure of compound 
4. Used for examination of various illicit drugs. 

 

X-RAY DIFFRACTION OR X-RAY CRYSTALLOGRAPHY (XRD) 
 

TYPE OF ANALYSIS: qualitative and quantitative analysis 

SAMPLE FORM: Crystalline Solids as powders, single crystals. 

 

FORENSIC APPLICATIONS: 

1. Crystal structure analysis 

2. Fiber analysis 

3. Analysis of cosmetics 

4. GSR analysis 

X-RAY FLUORESCENCE (XRF) 
  

TYPE OF ANALYSIS: Non- destructive, Qualitative technique. 

SAMPLE FORM: Solid or liquid (sample should be grounded into powdered 

form). 

FORENSIC APPLICATIONS: Examination of 

1. Soil 
2. Glass 
3. Grade of soil 

ENERGY DISPERSIVE X-RAY (EDX) 
TYPE OF ANALYSIS: Tentative qualitative and quantitative, non destructive 

technique 

SAMPLE FORM: Sample is prepared in form of flat disc, typically 20-50mm. 

FORENSIC APPLICATIONS: Toxic Elemental analysis in 

1. Pharmaceuticals 
2. Cosmetics 
3. Plastic 
4. Rubbers 

5. Food etc. 
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   FUNDAMENTALS OF CRIMINALISTICS AND CSI 

 

LESSON NO. 1.4         UNIT-A  AUTHOR : DR. MUKESH KUMAR THAKAR 

 

SET UP OF FORENSIC SCIENCE LABORATORY 

Overview: 

Chapter-3 

 Forensic Science Laboratory set-up 

 Suggested Questions 

 References and Suggested Books 

 

Forensic Science Laboratory organization: 

Laboratory organization and structure depends, to some extent, on the nature 

of the legal system and on the history of forensic science development in the 

country. In response to the rising demands of providing high technology to the 

crime investigation process, the forensic science laboratories were set up to 

achieve the following objectives: 

1. Examination of crime related exhibits referred by Police, Judiciary, and 

other government departments and undertakings. 

2. To provide knowledge about role of Forensic Science and its application to 

crime investigator, to police personnel; Judiciary officers and other related 

with it.  

3. To provide scientific aids to investigation officers (I.Os) in scientific 

investigation of crime and to help in collecting evidences properly from 

scene of crime, its proper packing, sealing and forwarding to laboratory 

for examination.  

4. To give training to personnel from police, and other forensic Institutions.  

5. To give lectures on Forensic Science to trainees in various Police, Judicial 

and other related institutions.  

An ideal Forensic Science Laboratories is generally divided into the following 

departments: 

1. Photography (Common for all the divisions) 

2. Instrumental Analysis (Common for all the divisions) 
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3. Biological sciences, which include 

 Biology unit 

 Serology unit  

 DNA unit 

4. Physical Sciences, which include  

 Physics unit 

 Ballistics unit 

5. Chemical Sciences, which include  

 Chemistry unit 

 Toxicology unit 

 Narcotics unit 

 Explosive unit 

6. Medico-legal Division (Part of Forensic Medicine) 

7. Documents Division 

8. Fingerprint Division 

9. Lie Detection including Brain Finger Printing and Narco Analysis Test 

10. Voice Identification 

11. Computer Forensics and Cyber Crime 

12. Field Units or Mobile Laboratory 

A director, who has scientific training and has spent a few years in a forensic 

science laboratory, heads the laboratory. In, comparatively bigger laboratories 

the director is assisted by an additional director (technical) and an 

administrative officer (non-technical). 

The divisions are usually, headed by deputy director having several years’ 

research experience. The head of the division is assisted by assistant director, 

senior and junior scientific officers, senior and junior scientific assistants, 

laboratory assistants and attendants. Non-technical staff carries out clerical 

work; maintenance of store, supplies and maintenance duties.  

The laboratory is properly guarded against theft and loss of exhibits. There 

should be adequate storage space for incoming and outgoing case exhibits and 

should be kept in a separate room. Each police district should be given a 

separate storage rack so that the exhibits do not get misplaced or intermixed. 

The storekeeper handles only sealed packets of the exhibits.  
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Library  

It is one of the most important parts of any forensic science laboratory. Besides 

having good subscriptions of national and international research journal, the 

library should have rich collection of the scientific (both related to basic 

sciences as well as of forensic science) books.  

Forensic science literature has been on the increase during the past few years, 

so library must be well equipped with the internet facilities and well connected 

with other libraries of the world to keep up to date knowledge. 

In addition to the above facilities, the reference works in chemistry, physics, 

biology, technology, and other disciplines should also be part of the library. 

Forensic Museum  
A well-equipped Museum should be established, which should have Medico 

legal models; different types of firearms (Classical and modern); cartridge cases; 

bullets; poisonous snakes and rare poisons. Useful charts on different aspects 

of forensic science should also be displayed. 

Depending upon their analytical needs, the case exhibits are examined in one 

or more divisions of the laboratories. The natures of examinations that can be 

undertaken in different divisions are briefly enumerated below:   

Instrumental Analysis Division:  

The well-equipped centralized facilities should be available at every laboratory 

to examine the samples by using modern instrumental methods of analysis as 

per requirement of different divisions.  In the present day world the laboratory 

should have latest sophisticated instruments like GC-MS, SEM, HPLC, Atomic 

Absorption Spectrophotometry and others mentioned in the previous chapter. 

Photography Division 

This is one of the most important centralized divisions of any forensic science 

laboratory, which plays important role in presenting, understanding and the 

authentication of the results of various divisions of the laboratories to the 

judges. This division also provides scientific support to all division in the 

examination of documents (including close-up, UV, IR photography and 

photomicrograph), different types of crime exhibits including murder weapons, 

holes in clothes, hairs, fibers, bones etc. Audio-Video and General Photography 

coverage of scenes of crime, close-up photography of fingerprints, bloodstains, 

foot prints, tire-marks, burnt subjects, scene of crime involving murders, 

burglary, theft, arson etc.  
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Biology Division:  

Examination of the biological fluids like saliva, semen, sweat, urine, 
faecal matter etc.; histological examination of tissues of human/ animal 
origin; morphological examination of hair, wool, and fibers; examination 
of skeletal remains bones, teeth etc for determination of origin, age, sex, 
stature from bones etc.; examination of paper pulp; identification of plant 
portions such as seeds, leaf fragments, flowers, pollen grains, wood, 
bark, twigs etc examination, identification of minute vegetation forms e.g. 
diatoms and other micro organism, mould ,algae, fungi etc.   

Identification of wildlife evidences like skin, meat and other body parts of 
the protected species of animal and plants. 

Serology Division:  

Chemical, Microscopical and spectroscopic examination for the detection of 

blood, serological examination of bloodstains and other biological stains for 

their origin and blood grouping in cases like murder, sexual offences 

(Rape/Sodomy), and of miscellaneous nature.  Examination of Barr bodies for 

sex determination from bloodstains, Polymorphic enzyme of blood stains. 

Examination of wildlife evidences like skin, meat and other body parts of the 

protected species of animal and plants for confirmation of species etc. 

DNA Division 

In this division, DNA Profile analysis of all types of biological samples (like 

blood, bloodstains, bones, semen, bones, tissue and wildlife evidences etc) is 

carried out. The laboratory should have storage facilities for biological samples, 

their processing and getting the output in an efficient way. The laboratory 

should be well equipped with all the necessary infrastructures required for the 

technology, which includes highly sensitive DNA sequencer, PCR machine, 

Ultra low temperature devices and Ultra pure water purification system.  

Standardization, validation and up gradation of related technological processes 

should be integrated part of the laboratory. 

Forensic Anthropology : 

It is the branch of forensic science which mainly deals with examination and 

identification of human skeleton remains. Examination of bones may reveal 

their orgin, sex, approximate age, race and skeletal injuries. Forensic 

anthropologists are also helpful during the identification of victims of mass 

disaster such as plane crash, tsunami etc. In such cases, forensic 

anthropologist can help identify victims through the collection and analysis of 

bones and bone fragments  



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-4  48

Physics Division:  

In Physics division, different types of examinations of paint, glass, soil, lottery 

tickets, fibers, metallic pieces, threads and ropes, cloth pieces, struggle mark 

and cut marks on cloth, knot examination, examination of metallic seals, postal 

seals, and wax seals, deciphering of erased chassis and engine number of 

vehicles, registration plate of vehicles, examination of tool marks etc. is 

conducted. They should also carry out the examination of telephone and 

electric wire pieces recovered from the scene and perform contour matching of 

accidentally broken pieces for source correspondence; examination of broken 

glass pieces for the direction of impact etc., examination of counterfeit coins, 

trace elements analysis for the comparison and identification of exhibits etc.   

Ballistics Division:  

Examination of fire arms for their service ability and to find out whether they 

come under the preview of Arms Act, determination of probable type or make of 

firearms from fired bullets/ cartridges, wads/pellets etc. to determine whether 

two or more bullets/ cartridge cases have been fired from the same   or different 

fire arms, to establish the linkage of a bullet/ cartridge case with a particular 

firearms; to examine P.M.R./Injury report / X-ray plate/ clothes with a view to 

determine probable type of firearm;  examination of a firearm to detect evidence 

of firing, checking firearms against the possibility of accidental discharge, 

estimation of distance of firing, identification of bullet holes/ shooter by 

detecting fire arm discharge residues; general examination for the 

reconstruction of a scene of firing etc.    

In some of the forensic science laboratories the materials related with explosion 

are examined in this division, but some of the laboratories have created an 

independent explosive division which is responsible for handling evidences 

related with explosion.  

Chemistry Division:  

Earlier it was a big division, but now a day in some of forensic science 

laboratories have separated Narcotic division as an independent division as 

number cases related NDPS act is increasing every day. 

Presently the chemistry division examines petroleum products such as petrol, 

diesel, kerosene etc; examination of illicit liquors, varnish, paint, inflammable 

fluids and solids in suspected cases of arson; examination of alcoholic 

medicines etc; examination of dyes, inks, stains and other organic and 

inorganic chemicals.   
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Toxicology Division:  

This division carries on examination of viscera, stomach wash, vomit, urine, 

faecal matter; and blood etc. for detection and estimation poisons of vegetable 

origin (Dhatura, oleander, opium, madar, aconite, nux vomica, etc.) inorganic 

salts (arsenic, copper sulphate, cyanides etc.) acids, drugs, alkaloids, pesticides 

((DDT, BHC parathion, malathion, aldrin, zinc phosphide, aluminium 

phosphide, etc.). Examination of Alcohol (methyl & ethyl alcohol) and remaining 

(which are not mentioned above) poisons including powdered glass, etc. is also done.   

Narcotic Division: 

Examination of opium and its alkaloids, heroin, ganja, bhang, charas, and 

other narcotics and psychotropic substances are conducted. 

Explosive Division:  

Examination of explosive substances and its remnants and devices used and 

recovered after explosion; and examination of scenes of explosion.    

Medico-legal Division:  

Examination of wounds and injuries of the victim/suspects, to help experts in 

the Ballistics and Toxicology divisions in their work by providing them with 

relevant information and interpretation of post-mortem reports, and 

examination of Bones and Tissues for medico-legal, opinion.  Such divisions are 

under the process of establishment. This division is actually not a part of 

forensic science laboratories at state or central level. It is a part of Forensic 

medicine and is taken care by medico-legal experts who are from the field of 

Medicine i.e. Doctors. 

Documents Division:  

Comparison of questioned writing, typewriting, printed matter, signatures with 

the known standards to establish genuineness or forgery; examination of 

documents for physical and chemical erasures, alterations, additions, 

obliterations and secret writing, decipherment of indented writings; 

determination of relative age of the writings/ papers, examination of ink, paper 

and the charred documents etc. carried out.  

Fingerprint Division: 

Only a few forensic science laboratories have fingerprints division. Most of the 

states have their own Fingerprint Bureau, which provides service to the 

investigating agencies with reference to examination of questioned thumb 

impressions; chance prints/Latent prints recovered from crime scene. The 

fingerprints are classified according to single digit and ten digit classification 
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system and compared with the earlier record present in the bureau or with the 

specimens provided by the police for the identification of culprit. 

Lie Detection including Brain Finger Printing and Narco Analysis 

Test: 

The Lie Detector division should rendered valuable polygraph aids in number of 

important investigations conducted by State Police, and other Investigating 

agencies. The Lie Detector division should maintain computerized polygraph 

equipments. Polygraph (Lie Detector) is based on the principles of 

psychosomatic interactions of an individual i.e. psychologically a change in a 

person consciously held feelings produces a defense reaction in the form of 

physiological changes in blood pressure, pulse rate, respiration and electro-

dermal response (GSR). The division has initiated action programme for 

induction of the state of the art technology and an Electro Encephalograph cum 

Event Related Potential System for Brain mapping analysis is being processed 

for its procurement for its application to study the memory related parameters 

in the scientific investigation of crime. Interrogation of suspected criminals and 

witnesses by Polygraph (Lie detector) and other new techniques like Brain 

Fingerprinting and Narco analysis test are used to find out the related 

information is present in the brain or not. These techniques are gaining 

popularity and are likely to become integral part of the forensic science 

laboratories.  

Voice Identification Division: 

In this division, the examination of voice recorded either from telephonic talk or any 

other device is conducted for Speaker Identification with the help of a very advanced 

version of computerized Voice Spectrograph namely Computerized Speech Lab. 

Experiments are required to be conducted for Noise reduction/signal 

enhancement and Audio Tape Authentication.  

Computer Forensics and Cyber Crime: 

With the increasing number of cases related to computer forensics, it is desirable 

to establish a division related to it in every forensic science laboratory. Its main 

objectives are preservation, identification, extraction and documentation of 

computer evidence in various computer or internet related crimes forwarded to the 

laboratory. Computer Forensics involves the use of sophisticated tools and 

procedures. Using multiple software tools developed by separate and independent 

developers processes The accuracy of the result is of prime importance and 

therefore cross validation through the use of multiple tools and techniques should 

be standard protocols in any forensic science laboratory. Validation through the 
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use of multiple software tools and procedures by the computer experts can 

eliminate the potential problem. 

Field Unit/ Mobile Laboratory 

The success of the analysis made in any forensic science laboratory fully 

depends upon the proper collection and preservation of important and relevant 

clue materials from the scenes of crime. In most of the cases, it may be possible 

to repeat the examination in the laboratory, but it is never possible to get 

relevant physical evidence from the scene of crime once it is disturbed. Keeping 

this   in view, some of the forensic science laboratories have established Field 

Units at districts/ranges of the state depending upon the statistics of crime. 

Scientific staff posted in these assists the Investigating Officers in the scientific 

investigation of crime. In some of the Field Unit/ Mobile Laboratories, facilities 

for conducting some spot test are also provided. 

The scientists of forensic science laboratory deliver lectures and practical 

demonstrations to the trainees of various organizations and students of the 

universities involve in teaching Forensic science as a subject. 

The application of science to crime investigation is becoming popular with the 

law enforcement agencies day by day.  It is clearly reflected in the increase of 

the number of cases referred to the forensic science laboratories during the 

previous years, which necessitates the opening of newer divisions or separating 

certain divisions from the existing divisions.  

Suggested Questions: 

 What are the objectives for setting of Forensic science Laboratory? 

 What should be the location of any Forensic Science Laboratory? 

 What are divisions necessary for any Forensic Science Laboratory? 

 What is the relevance of library and museum in any Forensic Science 
Laboratory? 

 What is the relevance of photographic and instrumentation division in 
any Forensic Science Laboratory? 

 Discuss importance of newly added techniques like Brain Fingerprinting 
and Narco analysis test, how they are different then Lie Detector. 

 What is the significance of Field Unit/ Mobile Laboratory? 
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   FUNDAMENTALS OF CRIMINALISTICS AND CSI 

 

LESSON NO. 1.5         UNIT-B            AUTHOR : DR. O.P. JASUJA 

 

Introduction and history of Fingerprints 

Forensic science like any other science stream also works on the basis of 

certain principles and the Principle of exchange is one of the most important 

principles. 

This principle also known as Locard's theory or Locard exchange principle 

was postulated by 20th century forensic scientist Edmond Locard. 

Locard was the director of the very first crime laboratory in existence, located in 

Lyon, France. Locard's exchange principle states that "with contact between two 

items, there will be an exchange”. 

Essentially Locard's principle is applied to crime scenes in which the 

perpetrator(s) of a crime comes into contact with the scene, so he will bring 

something into the scene and leave with something from the scene. Every 

contact leaves a trace. 

Fingerprints are also left at the scene of crime under the same principle as 

wherever he steps, whatever he touches, whatever he leaves, even 

unconsciously, will leave the traces.  Other examples of traces left at the scene 

may include footprints, hair, and the fibers from his clothes, the glass he 

breaks, the tool mark he leaves, the paint he scratches, the blood or semen he 

deposits or collects. 

What are fingerprints?  

The skin which covers the soles and palms is different in texture and 

appearance from the skin of rest of the body. The skin from these parts is 

devoid of hair and oil glands. The plantar and palmer area is covered with 

narrow ridges made of fusion of epidermic units in rows of minute, round or 

oval structures,  having sweat pores and therefore this area of the skin is full of 

sweat pores. Between every two ridges there is a depression or groove which is 

called as furrow. This arrangement helps in making firm grip of the object by 

creating friction between palm and the object and therefore these ridges are 

also known as friction ridges.  In general, a fingerprint can be defined as an 

impression of these friction ridges present on the palm and soles.  
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Cross section of human skin on palms and soles: 

 

 

Role of fingerprints in personal identification:  

Personal identification through fingerprints has long been recognized and is 

regarded as greatest contribution to the law enforcement.  Though, not every 

one has been fingerprinted but on the basis of statistical analysis of huge data, 

it has been concluded that fingerprints can be used safely for the absolute 

identity of an individual. From these studies the following fact based principles 

have been evolved:  

First Principle: 

A fingerprint is an individual characteristic. No two fingers have identical ridge 

characteristics. So far no two fingers have been observed to possess identical 

ridge characteristics. 

Second Principle: 

A fingerprint will remain unchanged during an individual’s lifetime as they 

appear in intra-uterine life and remain till the time skin is damaged 

permanently or disintegrated after death. Certain diseases also may cause 

damage to the friction skin. 

Third Principle: 

Fingerprints have general ridge patterns which make it possible to classify them 

systematically. This advantage allow us to classify fingerprints of  large number 

of individuals systematically just as books are classified and arranged in the 

library to retrieve them easily to save the time. 

Use of fingerprints in personal identification is very common in the following 

fields:  



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-4  55

1. Identification of the criminals whose fingerprints are found at the scene 
of crime. 

2. Identification of Fugitives through fingerprints comparison. 

3. Identification of persons and maintenance of identity records (service or 
criminals). 

4. Identification of unknown deceased person. Identification of Mass 
disaster victims.  

5. Prevention of hospital mistakes in exchange of newly born babies. 

6. Establishing correct identity in cases of kidnapping, unconscious 
persons, missing persons, mistaken identity. 

7. Detection of bank forgeries and cases related with money and property 
where instead of signature, thumb impressions are marked ( quite 
common in India) 

8. Authentication through biometrics in cases of entry in offices, hotel 
rooms, access to computers or such gadgets. 

9. In passport and immigration cases. 

The History of Fingerprints 

Fingerprints offer an infallible means of personal identification. That is the 

essential explanation for their having supplanted other methods of establishing 

the identities of criminals reluctant to admit previous arrests.    

The science of fingerprint Identification stands out among all other forensic 

sciences for many reasons, including the following:    

No two fingerprints have ever been found alike in many billions of human and 

automated computer comparisons.  Fingerprints are the very basis for criminal 

history foundation at every police agency as other visible human characteristics 

may change but fingerprints do not. 

In earlier civilizations, branding and even maiming were used to mark the 

criminal for what he was. The thief was deprived of the hand which committed 

the thievery. The Romans employed the tattoo needle to identify and prevent 

desertion of mercenary soldiers. 
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Picture writing of a hand with ridge patterns was 

discovered in Nova Scotia. In ancient Babylon, 

fingerprints were used on clay tablets for 

business transactions. In ancient  China, thumb 

prints were found on clay seals. 

  

 

 

 

 

 

      Malpighi 

In 1686, Marcello Malpighi, a professor of 

anatomy at the University of Bologna, noted in his 

treatise; ridges, spirals and loops in fingerprints. 

But he did not mention of their value as a tool for 

individual identification. Due to his contribution 

to the anatomy of the skin, a layer of skin was 

named after him; "Malpighi" layer, which is 

approximately 1.8mm thick. 

 

      

  

 

 

 

 

John Evangelist 

Purkinje 

 

 

 

 

 

 

 

 

In 1823, John Evangelist Purkinje, a 

professor of anatomy at the University of 

Breslau, published his thesis describing 

different fingerprint patterns and classified into 

nine types, but he too made no mention of the 

value of fingerprints for personal identification.  

Before the mid-1800s, law enforcement officers 

with extraordinary visual memories, so-called 

"camera eyes," identified previously arrested 

offenders by sight. Photography lessened the 

burden on memory but was not the answer to 

the criminal identification problem. Personal 

appearances change.  

Around 1870, a French anthropologist, 

Alphonse Bertillon, devised a system to 

measure and records the dimensions of certain 

bony parts of the body. These measurements 

were reduced to a formula which, theoretically, 

would apply only to one person and would not Alphonse Bertillon 
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change during his/her adult life.  

This Bertillon System, named after its 

inventor, was generally accepted for thirty 

years. But it never recovered from the events of 

1903, when a man named Will West was 

sentenced to the U.S. Penitentiary at 

Leavenworth, Kansas. There was already a 

prisoner at the penitentiary at the time, whose 

Bertillon measurements were nearly the same, 

and his name was William West.  Upon 

investigation, there were indeed two men who 

looked exactly alike, but were allegedly not 

related. Their names were Will and William 

West respectively. Their Bertillon 

measurements were close enough to identify 

them as the same person. However, a 

fingerprint comparison quickly and correctly 

identified them as two different people. (as per 

prison records discovered later, the West men 

were apparently identical twin brothers and 

each had a record of correspondence). 

 

 

 

 

 

 

      

 

Sir William Herschel  

  

 

Sir William Herschel, Chief Magistrate of the 

Hooghly district in Bengal, India, first used 

fingerprints on contract deeds. On a whim, and 

with no thought toward personal identification, 

Herschel had Rajyadhar Konai, a local 

businessman; impress his hand print on a 

contract. The idea was merely "... to frighten 

[him] out of all thought of repudiating his 

signature." The native was suitably impressed, 

and Herschel made a habit of requiring palm 

prints--and later, simply the prints of the right 

Index and Middle fingers--on every contract 

made with the locals. Personal contact with the 

document, they believed, made the contract 

more binding than if they simply signed it. 
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Herschel's fingerprints recorded over 

a period of 57 years 

 

Thus, the first wide-scale, modern-day use of 

fingerprints was predicated, not upon scientific 

evidence, but upon superstitious beliefs.  

However, Herschel began to note that the inked 

impressions could, indeed, prove or disprove 

identity. While his experience with 

fingerprinting was admittedly limited, Sir 

Herschel's personal belief that all fingerprints 

were unique to the individual, as well as 

permanent throughout that individual's life, 

inspired him to expand their use.   

 

 

 

 

 

 

 

 

 

 

 

Dr. Henry Faulds 

 

 

 

 

 

 

During the 1870's, Dr. Henry Faulds, the 

British Surgeon-Superintendent of Tsukiji 

Hospital in Tokyo, Japan, took up the study of 

"skin-furrows" after noticing finger marks on 

specimens of "prehistoric" pottery. Dr. Faulds 

not only recognized the importance of 

fingerprints as a means of identification, but 

devised a method of classification as well.  

In 1880, Faulds forwarded an explanation of 

his classification system and a sample of the 

forms he had designed for recording inked 

impressions, to Sir Charles Darwin. Darwin, 

due to his advanced age and ill health, 

informed Dr. Faulds that he could be of no 

assistance to him, but promised to pass the 

materials on to his cousin, Francis Galton. 

Also in 1880, Dr. Faulds published an article in 

the Scientific Journal, "Nature" (nature). He 

discussed fingerprints as a means of personal 

identification, and the use of printers ink as a 

method for obtaining such fingerprints. He is 

also credited with the first fingerprint 
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identification of a greasy fingerprint left on an 

alcohol bottle.  

In 1882, Gilbert Thompson of the U.S.              

  Geological Survey in New Mexico, used his 

own fingerprints on a document to prevent 

forgery.                                                               

  This is the first known use of fingerprints in 

the United States.   

     

 

 

 

 

 

 

              Mark 

Twain 

(Clemens) 

Mark Twain use to mention fingerprints 

and their use in personal identification.  In 

one of his works, "Life on the Mississippi", a 

murderer was identified by the use of 

fingerprint identification. In a later book by 

Mark Twain, "Pudd'n Head Wilson", there 

was a dramatic court trial on fingerprint 

identification.  

 

 

 

 

 

 

 

 Sir Francis 

Galton 

Sir Francis Galton, a British anthropologist 

and a cousin of Charles Darwin, began his 

observations of fingerprints as a means of 

identification in the 1880's.   Sir Francis 

Galton published his book, "Fingerprints", 

establishing the individuality and 

permanence of fingerprints. The book 

included the first classification system for 

fingerprints.  

Though Galton's primary interest in 
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Juan 

Vucetich 

fingerprints was as an aid in determining 

heredity and racial background, he soon 

discovered that fingerprints offered no firm 

clues to an individual's intelligence or 

genetic history, he was able to scientifically 

prove what Herschel and Faulds already 

suspected: that fingerprints do not change 

over the course of an individual's lifetime, 

and that no two fingerprints are exactly the 

same. According to his calculations, the 

odds of two individual fingerprints being the 

same were 1 in 64 billion.  

Galton identified the characteristics by 

which fingerprints can be identified. These 

same characteristics (minutia) are basically 

still in use today, and are often referred to 

as Galton's Details. 

Juan Vucetich, an Argentine Police Official, 

began the first fingerprint files based on 

Galton pattern types. At first, Vucetich 

included the Bertillon System with the files. 

Juan Vucetich made the first criminal 

fingerprint identification in 1892. He was 

able to identify a woman by the name of 

Rojas, who had murdered her two sons, and 

cut her own throat in an attempt to place 

blame on another. Her bloody print was left 

on a door post, proving her identity as the 

murderer.  
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Edward Richard Henry, Inspector General 

of Police in Bengal started an extensive 

study on fingerprints with the help of two 

Indians to develop a system of fingerprints 

classification. Working in the Calcutta 

Anthropometric Bureau were Azizul Haque 

and Hem Chandra Bose.  Haque and Bose 

are the two Indian fingerprint experts 

credited with primary development of the 

Henry System of fingerprint classification 

The Henry classification system is still used 

in most of the countries through out the 

world. With the effort of his team on 12 

June 1897, the Council of the Governor 

General of India approved a committee 

report that fingerprints should be used for 

classification of criminal records.  Later that 

year, the Calcutta Anthropometric Bureau 

became the world's first Fingerprint 

Bureau.  Later on, Henry was invited to 

establish his system in England. 

Edmond Locard wrote that if 12 points 

(Galton's Details) were the same between 

two fingerprints, it would suffice as a 

positive identification.  Locard's 12 points 

seems to have been based on an 

unscientific "improvement" over the eleven 

anthropometric measurements (arm length, 

height, etc.) used to "identify" criminals 

before the adoption of fingerprints.   

With the introduction of Automated Fingerprint Identification System (AFIS) 

technology, use of computers was possible for quick retrieval of the recorded 

fingerprints data. Crime record is stored, compared and shared by AFIS. 

In most of the cases, chance fingerprints may be available at the scene of 

occurrence which may be invisible to naked eyes and called latent fingerprints. 

Therefore, it is required to make them visible for further analysis to establish 

E.R. Henry 
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the identity. For this, various physical and chemical methods are available and 

a continuous research is going on to make these efforts successful for all sort of 

conditions such as surface bearing the latent fingerprints, humidity and 

temperature in the surrounding, time lapse between impinging the print and 

development etc. A large number of reagents and equipments have been 

developed for this purpose which will be discussed in details in lesson on Latent 

fingerprints. 

Suggested Questions : 

1. Discuss significance of finger print in criminal investigations. 

2. Discuss various pattern types in finger prints. 

3. Discuss classifions of finger prints. 

Further Readings:  

1. J.E. Cowger, Friction Ridge Skin, CRC Press, Boca Raton, 1983. 

2. H.C. Lee and R.E. Gaensslen, Advances in Fingerprint Technology, 
CRC Press, Boca Raton, 1991 

3. Asbaugh, DR: Quantitative and Qualitative Friction Ridge 
Analysis, CRC Press  1999 

4. Nath, S.: Fingerprint Identification in Crime Detection. Reliance 
publishing House, New Delhi, 1991 

5. Christophe Champod , Chris Lennard and Pierre Margot : 
Fingerprints and Other Ridge Skin Impressions  CRC Press 2004 

 

 

  

 

 

 

 

 

 

 

 

 

 

 



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-4  63

PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION      PAPER-4 

   FUNDAMENTALS OF CRIMINALISTICS AND CSI 

 

LESSON NO. 1.6         UNIT-B          AUTHOR : DR. O.P. JASUJA 

 

Fingerprints Patterns and Classification 

Various types of fingerprint pattern 

The dermal ridges tend to make some specific patterns in different areas of 

palm and sole. The distal phalanges of the fingers represent following type of 

the patterns and are of immediate concern. The main types of the patterns are 

as following: 

 1. Arch        2. Loops        3.Whorls  4. Composite 

Arches can be further divided into Plain arch and Tented arch. Loops are also of 

two types namely ulnar loop and radial loop. Whorls may further be classified 

into plain whorl, central pocket loop, lateral pocket loop, twinned loop and 

accidental. Collectively, whorls are also called composites due to their bit more 

complex structure. 

Before describing them in detail, it will be useful to understand some important 

terms used to describe all these patterns.  

Pattern: The designation of friction ridge skin into basic categories of 
general shapes as mentioned above. 

Pattern area: It is part of a loop or whorl in which appears the cores, deltas, 

ridges with which we are concerned in classification of the prints. It is encircled 

by the type lines.  

Type lines: The two innermost ridges which start parallel, diverge, and 

surround or tend to surround the pattern area. 

Delta: That point on a ridge at or nearest to the point of divergence of two type 

lines, and located at or directly in front of the point of divergence. Certain rules 

are followed to determine the delta in the pattern. 

Core: The approximate center of a pattern. It may be the tip of the central most 

ridge, tip of the recurve or just a dot in the center of the pattern. Again certain 

rules are followed to determine the core in the pattern. 

Figures mentioned in description of various pattern types also indicate these 

terms accordingly. 
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                            A & B are type lines and C is delta 

1. ARCHES 

In arch patterns, the ridges run from one side to the other of the pattern taking 

rise in the center and making no backward turn. There is ordinarily no delta, 

but where there is the appearance of a delta, no recurving ridge must intervene 

between the core and delta points. Arches represent only about 5 per cent of the 

fingerprint patterns encountered. 

Arches come in two types, plain or tented. An arch is called a plain arch when 

ridges enter on one side of the impression and flow or tend to flow on the other 

with a slight rise in the center. It can be said as the most simple of all 

fingerprint patterns. 

The tented arch has a "significant up thrust" in the center where a plain arch 

does not.  

In tented arch, the ridges near the middle have an upward thrust, arranging 

themselves, as it were, on both sides of a spine or axis, towards which the 

adjoining ridges converge. The ridges thus converging give the appearance of a 

tent in outline.  

 

 

 

 

 

 

 

TENTED ARCH                                       

PLAIN ARCH 
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2. LOOPS 

Loops constitute between 60 and 70 per cent of the patterns encountered. In a 

loop pattern, one or more of the ridges enters on either side of the impression, 

recurve, touches or crosses an actual or imaginary line running from the delta 

to the core, and terminates or tends to terminate on or in the direction of the 

side where the ridge or ridges entered. There is one delta. 

 

 

                                   LOOP PATTERN SHOWING CORE AND DELTA 

Loops are of two types, 'radial' and 'ulnar', named after the radius and ulna, 

two bones in the forearm. The radius joins the hand on the same side as the 

thumb, and the ulna on the same side as the little finger. 

Ulnar loop is a type of pattern in which one or more ridges enter upon either 

side, recurve, touch or pass an imaginary line between delta and core and pass 

out, or tend to pass out, on the same side the ridges entered. The flow of the 

pattern runs in the direction of the ulna bone of the forearm (toward the little 

finger). 

Radial loop is a type of pattern in which one or more ridges enter upon either 

side, recurve, touch or pass an imaginary line between delta and core and pass 

out, or tend to pass out, on the same side the ridges entered. The flow of the 

pattern runs in the direction of the radius bone of the forearm (toward the 

thumb). 

The distinction between Ulnar and Radial loops depends on which hand the 

loop is found on. Obviously to make the distinction between these two types of 

loops  to know on which hand they appear because if a loop pattern is an Ulnar 

loop on the right hand, then by default it will be a radial loop if found on the left 

hand. Radial loops are not very common. Most of the time a radial loop is found 

usually on the index fingers.  
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A loop pattern showing pattern area 

3. WHORLS  

The whorls may be defined as a pattern in which atleast two deltas are present 

with a recurve in front of each. Between 25 and 35 per cent of the patterns 

encountered consist of whorls.  

    

PLAIN WHORL CENTRAL POCKET TWIN LOOP ACCIDENTAL 

 

PLAIN WHORLS: The plain whorl has two deltas and atleast one ridge making 

a complete circuit, which may be spiral, oval, circular or any other variant of 

the circle. An imaginary line drawn between the two deltas must touch or cross 

atleast one of the recurving ridges within the inner pattern area. 

                                          

A. Central Pocket Loop                                                 B. Plain Whorl 
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If we take a look at figure A then can see the inner pattern area  that forms or 

tends to form the circle part of the loop. If we draw a line from delta-to-delta it 

does not intersect the lines that are forming the circle. The same is not true for 

figure B. In this case also ridges form or tend to form a circle. If we draw a line 

from delta-to-delta that this inner pattern, or the lines forming the circle are 

intersected. figure A and figure B are examples of Central Pocket loops and 

plain whorl.  

4. Composite : When two or more patterns (either of same or different 

types) combine to form one pattern, that pattern is called composite pattern. 

The composite pattern can be sub-divided into four types : 

(a) CENTRAL POCKET   LOOP : A central pocket loop consists of at least 

one recurving ridge, or an obstruction at right angles to the line of flow, with 

two deltas, between which when an imaginary line is drawn, no recurving ridge 

within the pattern area is cut or touched.  

(b) TWINNED LOOP : A double loop consists of two separate and distinct 

loop formations with two separate and distinct shoulders and two deltas.  

There must be two separate and distinct shoulders for each core. In most cases 

this means that the pattern will most likely be a double loop. In twin loops the 

ridges containing the core points have their exits on different sides. 

(c) LATERAL POCKET LOOP : Lateral pocket loop can be described as  a 

pattern which consists double loop but their core points have their exits on the 

same side of one of the deltas unlike twinned loops where they exit in opposite 

side. 
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Lateral Pocket Loop 

(d) ACCIDENTALS 

Under this heading are the relatively small numbers of patterns too irregular in 

outline to be grouped with central pocket loops and double loops. They have 

two or more deltas and a combination or fusion of two or more types of patterns 

not including the plain, radial or ulnar arch. This category also includes any 

freak pattern or accidental formation that does not conform to any conventional 

type. 

                     

HOW TO OBTAIN INKED FINGERPRINTS:  
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For the record purpose, we need to obtain the inked fingerprints of a person or 

suspect for further classification and comparison with the chance prints. As the 

name implies, we have to apply the ink on the ridged surface of the finger to 

record the prints on plain paper or designated sheet of the paper. Generally a 

thick gel type black printer’s ink is used for this purpose. Advantage of black 

printer’s ink is that it produces a good contrast with the white sheet, it is 

permanent and resistant to environmental exposure and it may be applied in 

the form of very thin and uniform film on the friction skin. Prints are always 

obtained in two forms that is rolled and plain prints. Rolled prints are those 

when ink is applied on the friction skin of the distal phalange covering the 

surface from one side of the nail to the other side and then rolled on the 

paper to print the whole surface of the friction surface while plain prints are 

obtained by just placing the fingers on the paper without rolling them. The 

systematic method of getting rolled ink fingerprints is mentioned below: 

The black printer ink is taken on a glass slab in the required quantity and thin 

film is prepared of the ink with the help of a rubber roller by moving it 

repeatedly on the glass slab with ink. In this way the thin ink film will be 

available on the glass slab as well as on the rubber roller. 

A finger may be inked by rolling the same on the glass slab or ink may be 

applied from one side of the nail to the other by the ink roller and then finger be 

rolled on the white paper sheet. 

Certain precautions are to be taken while obtaining rolled prints,: 

1. The hands of the subject must be free from dirt and greasy material. 

2. The subject may be asked to keep his hand relaxed and not to try to help 
in rolling fingers which may cause smearing of the print. 

3. The thumb should be rolled towards subject’s body while rest of the 
fingers should be moved away from the body while printing as it is more 
convenient to move the same in that direction. 

4. Excessive pressure should not be applied on fingers during rolling. 

5. The slab and roller must be clean and free from dirt.  

Rolled prints are obtained because of their completeness as we do not know in 

chance prints, which portion of the print may be available for comparison. In 

addition to this delta may be present in the area lying very close to the 

boundaries of the print which may not come in plain prints. 

Classification of fingerprints: 

It was a thought in advance by the proponents of fingerprints that with the 

increased use of fingerprints in personal identification and especially 
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identification of criminals, records of these fingerprints will pile up and 

therefore a need of a systematic classification was felt. Henry himself, with the 

help of Indian assistants Azizul Haque and Hem Chandra Bose devised ten 

finger print classification system. 

Fingerprints are classified in a three-way process: by the shapes and contours 

of individual patterns, by noting the finger positions of the pattern types, and 

by relative size, determined by counting the ridges in loops and by tracing the 

ridges in whorls. The information obtained in this way is incorporated in a 

concise formula, which is known as the individual's fingerprint classification. 

Explanation of the Henry Classification System: 

The Henry Classification System allows for logical categorization of ten fingerprint 

records into primary groupings based on fingerprint pattern types. This system 

reduces the effort necessary to search large numbers of fingerprint records by 

classifying fingerprint records according to gross physiological characteristics. 

Subsequent searches (manual or automated) utilizing granular characteristics 

such as minutiae are greatly simplified.   

The Henry Classification System assigns each finger a number according to the 

order in which it is located in the hand, beginning with the right thumb as 

number 1 and ending with the left little finger as number 10. The system also 

assigns a numerical value to fingers that contain a whorl pattern; fingers 1 and 

2 each have a value of 16, fingers 3 and 4 have a value of 8, and so on, with the 

final two fingers having a value of 1. Fingers with a non-whorl pattern, such as 

an arch or loop pattern, have a value of zero. 

The fingerprint record’s primary grouping is determined by calculating the ratio of 

one plus the sum of the values of the whorl-patterned, even-numbered fingers; 

divided by one plus the sum of the values of the whorl-patterned, odd-numbered 

fingers.  It is made clear that patterns like central pocket loop, twinned loop, lateral 

pocket loop and accidentals are to be considered as valued patterns as whorls. 

This formula is represented below: 

 Left 

Little 

Left 

ring 

Left 

middle 

Left 

Index 

Left 

Thumb 

Right 

Little 

Right  

Ring 

Right  

Middle 

Right  

Index 

Right  

Thumb 

Finger 

Number 

10 9 8 7 6 5 4 3 2 1 

Value(if 

Whorl) 

1 1 2 2 4 4 8 8 16 16 
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Henry Classification       1+ Sum of values in even numbered fingers with 

whorls    ----------------------------------------------------------------- 

System Formula:            1+ Sum of values in odd numbered fingers with whorls 

If, for example, an individual has a fingerprint record with a LWAALALWLA 

pattern series (the series begins with Finger 1, the right thumb and ending with 

Finger 10, the left little finger), the corresponding classification ratio would be 

19:1. This example is calculated below: 

 Left 

Little 

Left 

ring 

Left 

middle 

Left 

Index 

Left 

Thumb 

Right 

Thumb 

Right 

Index 

Right  

Middle 

Right 

Ring 

Right 

Little 

Finger 

Number 

10 9 8 7 6 5 4 3 2 1 

Value(if 

Whorl) 

1 1 2 2 4 16 16 8 8 4 

Pattern 

Type 

Arch Loop  Whorl Loop  Arch Loop  Whorl Arch  Arch  Loop 

Finger 

value 

0 0 2 0 0 0 16 0 0 0 

The fingerprint record’s primary grouping is determined by calculating the ratio 

of one plus the sum of the values of the whorl-patterned, even-numbered 

fingers; divided by one plus the sum of the values of the whorl-patterned, odd-

numbered fingers.  

 

Henry Classification       1+ sum of values in even numbered fingers with whorls 

   =     ------------------------------------------------------------------- 

System Formula:           1+ Sum of values in odd numbered fingers with whorls 

 

   = 1+ (16+2)          19 

    -------------    =  -------- 

    1+ (0)                1 

 

Therefore, this individual belongs to the 19/1 primary group. If, for example, an 

individual does not have any whorl-patterned fingerprints, his or her 
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classification ratio, or primary group, would be 1/1. If an individual has all ten 

fingerprints containing a whorl pattern, his or her classification ratio would be 

32/ 32. The Henry Classification System allows for up to 1,024 primary 

groupings.  For a very small group of fingerprints, this classification may work 

well but with a huge collection of fingerprints, it becomes difficult to retrieve the 

fingerprint therefore further classifications of these were required. Secondary, 

Sub secondary I, II, III and many more systems were developed and used as per 

requirement of the fingerprint bureau. Apart from this Single fingerprint 

classification system is also available to deal with the latent cases. 

With advent of Automated Fingerprint identification system (AFIS), retrieval of 

the fingerprints has become very simple and less time consuming. In this case, 

with the help of computers, those fingerprints records can be sorted out which 

are similar to the questioned fingerprints and then by manual comparison 

identity or otherwise is established. 

Suggested Questions : 

1. Discuss significance of finger print in criminal investigations. 

2. Discuss various pattern types in finger prints. 

3. Discuss classifions of finger prints. 

Further Readings:  

1. J.E. Cowger, Friction Ridge Skin, CRC Press, Boca Raton, 1983. 

2. H.C. Lee and R.E. Gaensslen, Advances in Fingerprint Technology, CRC 
Press, Boca Raton, 1991 

3. Asbaugh, DR: Quantitative and Qualitative Friction Ridge Analysis, CRC 
Press  1999 

4. Nath, S.: Fingerprint Identification in Crime Detection. Reliance 
publishing House, New Delhi, 1991 

5. Christophe Champod , Chris Lennard and Pierre Margot : Fingerprints 
and Other Ridge Skin Impressions  CRC Press 2004 
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   FUNDAMENTALS OF CRIMINALISTICS AND CSI 

 

LESSON NO. 1.7         UNIT-B          AUTHOR : DR. O.P. JASUJA 

 

DEVELOPMENT AND EXAMINATION OF FINGERPRINTS, 

CHANCE PRINTS, LATENT FINGERPRINTS 

 

TYPES OF FINGERPRINT EVIDENCE: 

There are two general categories to describe the fingerprint evidence that may 

be found at a crime scene or on an item of contact: visible fingerprints and 

latent fingerprints. All these type of the fingerprints can be called as chance 

prints as they are printed on the surface of contact by chance. 

VISIBLE FINGERPRINTS 

Visible fingerprints, as the term suggests, are visible by naked eyes without any 

aid. The fingerprint is visible as long as there is sufficient contrast between the 

print and its support. 

LATENT FINGERPRINTS 

The latent fingerprint is the most common form of fingerprint evidence and the 

most important problem with them is to make them visible. The application of 

an optical, physical or chemical treatment is required to visualize a latent 

fingerprint. The latent fingerprints are deposited by the friction ridge surface 

and composed of complex mixture of natural secretions and contaminants from 

the environment. There are three types of glands responsible for the natural 

secretions from human skin namely eccrine glands, apocrine glands, and the 

sebaceous glands. These three types of glands have well-defined functions, and 

the composition of their secretions varies in consequence. 

The palms of the hands and the soles of the feet produce only eccrine gland 

secretions, whereas the apocrine glands are located in the areas like groin, 

armpits, perianal regions The sebaceous glands secrete an oil like material 

called as  sebum and present all over the body except palmar and planter 

surfaces. 

73 



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-4  74

Plastic Prints: Those prints which are left or made on a soft surface like wet 

paint, soap, blood, putty etc. Such prints are visible and can be seen by naked 

eyes. 

Secretions from all these glands are mixtures of inorganic salts and water-

soluble organic components that result in development of fingerprints but the 

main constituent is water (Approximately 98%).Development of fingerprints 

depend upon the type of surface on which they exist, temperature of the 

surface, and surface texture.  All surfaces bearing latent fingerprints can be 

divided into three main groups: porous, semi porous, and nonporous. Different 

type of the surfaces may need different set of treatment therefore it should be 

kept in mind that same type of surface should be tried to evaluate a proposed 

detection sequence before proceeding for the same treatment on the evidence 

material. 

Fingerprints can be found on any type of following surfaces: 

POROUS SURFACES  

Any surface that tends to absorb the latent fingerprint deposits can be 

classified as a porous surface (e.g., paper). The water-soluble deposit is taken 

into the first few layers of the surface. During absorption, water evaporates 

simultaneously, leaving a mixture of residues behind, including amino acids, 

urea, and chlorides (sodium chloride in particular). An image of the latent 

fingerprint is produced in the form of residual, water-soluble components. 

NONPOROUS SURFACES 

Any surface that does not absorb any component of the latent fingerprint 

deposits is classified as a nonporous surface. Examples of nonporous surfaces 

are polyethylene (polythene) plastic bags, glass, and shiny metal surfaces. An 

emulsion consisting of water-soluble and non-water-soluble components of the 

latent fingerprint deposit remains on top of the surface for a significant period 

of time unless it is removed by physical force as rubbing of the surface or has 

degraded through age or environmental effects. As all of the deposit remains on 

the surface of a nonporous substrate, the latent prints are very fragile, and care 

should be taken when handling or packaging such items. In addition, such 

prints are readily removed by the action of organic solvents. While water will 

tend to remove any water-soluble material, the water-insoluble component will 

be unaffected.  

 

 



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-4  75

SEMIPOROUS SURFACES 

Any surface with intermediate characteristics that does not fit well into the 

porous or nonporous groups is generally classified as semi porous. Examples of 

this type of surface are some painted surfaces, polymer banknotes, and waxed 

wrapping paper. The surface absorbs water-soluble component. The non-water-

soluble component remains on top of the surface much longer than it does on a 

porous surface, but not as long as for a nonporous surface. 

HOW LATENT FINGERPRINTS CAN BE MADE VISIBLE  

A large number of options ranging from nondestructive to destructive methods 

are available to develop the latent fingerprints and described in next few pages. 

Fingerprint detection at the crime scene should logically begin with a detailed 

visual examination of all appropriate surfaces. The application of different 

optical techniques, using various light sources (strong white light, UV lamp, 

laser or filtered arc lamp, etc.), can reveal latent fingerprints or enhance weakly 

visible prints. Small objects or pieces of evidence should be removed from the 

crime scene, with all the normal precautions (proper packaging, labeling, etc.), 

for optimum fingerprint treatment back at the laboratory. Non-transportable 

objects and fixed surfaces should then be processed using a suitable detection 

sequence. 

OPTICAL TECHNIQUES  

Optical detection methods have the advantage of being nondestructive as they 

do not harm the surface in any manner. Also these methods do not hinder the 

use of other methods subsequently. The simple observation of an object under 

white light may disclose a visible fingerprint that can be photographed without 

any further treatment. The contrast in prints contaminated with a colored 

material such as blood can be significantly enhanced using selective absorption 

techniques. On the other hand, more complex optical detection methods can 

reveal otherwise invisible prints that may not be developed by other techniques. 

A fingerprint detection sequence should therefore always commence with an 

optical examination using different illumination techniques as dictated by the 

surface type and any likely fingerprint contamination. 

In optical methods, various light sources are used to get a specific wavelength 

which may be absorbed or reflected by the surface bearing the fingerprints. For 

example, bloody fingerprints can be optically enhanced by observing those 

prints in 415 nm radiation. Again, the surface background will play an 

important role for selecting the light source as color may be strongly absorbed 

by the print but totally reflected by the surface. For example, a blue fingerprint 
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on a red surface can be significantly enhanced if viewed under orange-red 

illumination (around 600 nm). 

With the use of Lasers, untreated fingerprints on nonluminescent surfaces can 

be detected.  Most common type of the laser used for fingerprints detection is 

the argon ion, the copper vapor, the Nd:YAG, and the tunable dye laser.  

Fingerprints can be detected on many surfaces like metal (e.g., firearms), 

human skin, and polystyrene foam. 

Optical detection of latent fingerprints by shortwave UV reflection is also 

possible and for that a special instrument called Reflected UV Imaging System 

(RUVIS) has been designed. This technique involves the use of a UV-sensitive 

CCD (charge-coupled device) camera (equipped with a quartz lens) and a source 

of UV light.  

 

Forensic Light Source 

POWDER METHODS 

The traditional fingerprint detection technique for treating smooth nonporous 

surfaces is powdering. The process is a physical one, with powder particles 

adhering to the humid, sticky, or greasy substances in the latent fingerprint 

deposit. The application of powder is relatively simple and inexpensive, and 

little experience is necessary to obtain satisfactory results. Prints developed by 

powdering can also be conveniently lifted using adhesive tape or gel lifters.  

Powdering is not suitable for porous substrates, as the fingerprint deposit is 

quickly absorbed into the surface. 

Among the multitude of powders and brushes available, the choice is often 

made according to experience or personal preference. When the choice of a 

powder is not clear, it is recommended that different powders be tested on an 

identical surface before proceeding with the evidential object. Fingerprint 

powdering has been used as a detection technique since the early 1900s. Over 
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this period, many fingerprint powder formulations have been in use, with each 

formula generally consisting of a colorant for contrast and a resinous material 

for good adhesion. Metallic oxides, sulfides, and carbonates have commonly 

been used as colorants, offering a wide range of possible colors for different 

applications. Lead and mercury based formulations were once quite common 

but are now rarely employed because of their toxicity. In addition to the 

numerous powder formulations that are available, fingerprint brushes come in 

various styles that are generally distinguished by the types of fibers used to 

make them (e.g., synthetic fibers, natural fibers, glass fibers, etc.).  The most 

often used fingerprint powders are Charcoal Powder (black Powder) and 

aluminum powder.   

 

Powdering latent prints 

The use of fluorescent powders (that are typically luminescent under UV 

illumination) has advantages on reflective or multicolored surfaces where 

contrast may be a problem with conventional powders. A wide range of 

fluorescent powders is available and again the choice generally comes down to 

experience and personal preference. Background colors and substrate 

luminescence should be taken into consideration when selecting an appropriate 

fluorescent powder. Magnetic powders, generally made by mixing coarse iron 

grit with either aluminum or copper flake powder, are applied using a magnetic 

wand. The coarse magnetic particles form the “brush,” while the fine powder 

develops the prints. That’s why, this brush is also known as Magna Brush. The 

use of magnetic powders avoids the brushing, and hence destruction of fragile 

latent fingerprints. 

PHYSICO-CHEMICAL AND CHEMICAL TECHNIQUES 

These techniques involve chemical reagent used to develop latent fingerprints 

which may interact with the surface having latent fingerprints or react with one 

of the constituents of the sweat residue to give a visible print. 

Two things are always to be remembered while treating latent fingerprints with 

these techniques.  
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1. Before applying the method on actual substrate / surface, always try the 

method on similar type of the surface and conditions in which questioned 

latent prints are. 

2. Always keep a standard control while developing the questioned latent to 

ascertain efficiency of the method of development.   

IODINE/BENZOFLAVONE METHOD 

Iodine treatment is one of the oldest known techniques for the development of 

latent fingerprints Iodine vapor is absorbed by the lipids (sebaceous material) 

present in the latent fingerprint deposit to produce a brownish image of the 

print. It is a reversible physical process rather than a chemical reaction that, in 

principle, does not exclude the later application of other techniques. While the 

technique is simple, rapid, and economic, fingerprints developed with iodine are 

difficult to record because the contrast is generally poor and transitory (due to 

the re-evaporation of iodine) unless the prints are chemically fixed. The 

technique can be applied to a wide range of porous and nonporous surfaces 

(such as paper, wood, plastic, and glass), but, due to its limited sensitivity, 

prints older than 3 to 5 days are unlikely to be detected. In addition, iodine 

vapor is toxic and corrosive; prolonged exposure to iodine fumes must be 

avoided. Two simple systems can be used for the development of fingerprints 

using iodine vapors. 

1.  Small items can be exposed to iodine vapor in an enclosed glass chamber 

(or similar transparent container). The vapor is provided by a few crystals of 

iodine placed at the bottom of the chamber (iodine readily sublimes at room 

temperature), and the exposure time is determined by visual assessment of 

the fingerprint development. 

2.  To treat specific areas or large immovable surfaces, portable iodine fuming 

pipes are commercially available or can be easily constructed using 

standard laboratory equipment. Iodine vapor is generated by gently passing 

air through a hand-warmed glass pipe containing iodine crystals. The 

continuous supply of iodine vapor using this system allows rapid 

fingerprint development over relatively large surfaces. 
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Iodine Fuming tubes (Disposable) 

 

Fingerprints developed with iodine fade quickly and usually show poor contrast; 

it is therefore advantageous to chemically fix the prints by the application of a 

reagent that will increase both the contrast and the stability. 

A solution of 7, 8-benzoflavone (α-naphthoflavone) can be applied with a pipette 

or by immersion. Prints fumed with iodine and fixed with 7, 8-benzoflavone are 

generally dark blue–purple in color and relatively stable. Developed prints need 

to be photographed immediately, as they will fade over time. 

NINHYDRIN TECHNIQUE  

Amino acids present in sweat residue when react with Ninhydrin gives a dark 

purple product known as Ruhemann’s purple (RP) and making latent print 

visible. This reaction can be exploited as a means of developing fingerprints on 

porous surfaces such as paper and cardboard.  

The porous surface like paper is treated with Ninhydrin by briefly dipping in a 

solution of the reagent with concentration of 0.5% w/v in a mixture of organic 

solvents as acetone, ethanol. As an alternative to dipping, the reagent can be 

applied with a brush or spray. The items are then air-dried and the 

development allowed to proceed at room temperature over 24 to 48 hours. The 

time of development can be reduced significantly to few minutes if the treated 

document is heated in hot air oven or a hot iron is passed over it indirectly. 

Direct heating or excess heating is not recommended as background coloration 

may reduce the contrast. The solvents used to prepare the reagent may dissolve 

the ink writings on the paper which is being treated for visualizing the 

fingerprints. Therefore, dry methods are suggested in which an absorbent paper 

may be impregnated with the concentrated reagent and dried. The suspected 

paper having latent fingerprints is sandwiched between such two sheets of the 

impregnated paper and kept for overnight, latent fingerprints become visible in 
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purple color. This technique may be bit slow but does not affect the ink writing 

present on the document. 

DIAZAFLUORENONE (DFO) 

The compound 1, 8-diazafluoren-9-one (DFO) is an amino acid–sensitive 

reagent that gives a reaction product which is pale purple in color The 

development process is simple and rapid: the document is dipped in a solution 

of DFO, dried, and then heated at 100°C for 20 min. DFO-developed latent 

prints produce excellent photoluminescence without any post-treatment or 

cooling. 

PHYSICAL DEVELOPER (PD) 

Physical developer (PD) is a fingerprint processing technique for porous 

surfaces. The technique is sensitive to water insoluble components of the latent 

fingerprint deposit, and therefore PD can be effective even if the surface has 

been wet. Fingerprints developed by this procedure are visible as dark gray to 

black images due to the deposition of silver metal along the print ridges. PD, 

based on a photographic physical developer, is an aqueous solution containing 

silver ions, a ferrous/ferric redox (reduction/oxidation) system, a buffer (citric 

acid), and a cationic surfactant (generally n-dodecylamine acetate). The ferrous 

(Fe2+) ions in solution reduce the silver (Ag+) ions to silver metal (Ag0), with 

ferric (Fe3+) ions being present to hold back the reaction. Citric acid is required 

to make a complex with the ferric ions and to maintain a low pH. The action of 

the surfactant is to inhibit the premature deposition of silver metal by trapping 

randomly generated silver particles, as they are formed, within positively 

charged spheres of surfactant molecules known as micelles. The PD solution is 

therefore a delicate balance of ferrous, ferric, and silver ions stabilized by the 

presence of citric acid and a surfactant. 

When a document is placed in the PD reagent, silver slowly deposits from 

solution. This deposition generally is heavier on areas of surface having 

fingerprint residue. Developed prints generally appear as dark gray images 

against a light gray background.  Development time can be anywhere from 10 to 

60 min, and items must be removed from the solution when good contrast is 

obtained, as overdevelopment cannot be reversed. The PD reagent is sensitive to 

components in the latent print that are not soluble in water (i.e., sebaceous 

secretions or water soluble materials trapped within a water-insoluble 

emulsion). On wet paper or paper that has been wet, PD is one of the only 

techniques that can permit the satisfactory development of latent fingerprints.  

 



PG. DIP. IN CRIMINOLOGY & POLICE ADMINISTRATION                                                  PAPER-4  81

MULTIMETAL DEPOSITION (MMD) 

Multimetal deposition (MMD) involves a two-step process, the first being 

immersion of the item in a colloidal gold solution (pH approximately 2.7). 

Colloidal gold, consisting of negatively charged gold particles due to the 

adsorption of citrate ions, is prepared by treating a solution of gold chloride 

with sodium citrate and a detergent. The negatively charged colloidal gold 

particles are attracted to organic residues that contain positive groups at low 

pH. Gold subsequently deposits on any fingerprint residue on the item being 

treated. The second step involves the treatment of fingerprints developed by the 

colloidal gold process with a modified physical developer (MPD) solution. The 

bound colloidal gold provides nucleation sites around which silver precipitates 

from the MPD solution. This step greatly amplifies the visibility of treated prints 

that, after this second treatment, can vary in color from light gray to almost 

black. Many types of surfaces — porous or nonporous, wet or dry — can be 

treated by this technique (e.g., wet and dry paper, plastic, glass, expanded 

polystyrene, and both sides of adhesive tape).  

SMALL-PARTICLE REAGENT 

Latent fingerprints may be made visible by immersion in an aqueous 

suspension of an insoluble powder followed by rinsing with water. The powder 

suspension is commonly referred to as small particle reagent (SPR) or wet 

powdering method. The powder suspension is sensitive to the sebaceous (water 

insoluble) components of the latent fingerprint and can be used on a wide range 

of nonabsorbent surfaces. SPR is effective on surfaces that are wet, a condition 

that excludes the use of conventional powders or reagents sensitive to the water 

soluble components of the latent print. Treatment with the suspension is by 

immersion or vaporization (may be, using a handheld garden spray). The 

sample is then rinsed with water to remove any excess reagent and latent print 

becomes visible. Conventional SPR is a suspension of dark gray molybdenum 

disulfide particles, the fine crystalline structure of which is critical for effective 

fingerprint development. The use of a suspension of iron oxide powder in place 

of molybdenum disulfide is also found to be effective but this SPR lacks 

sensitivity and selectivity compared with the original formulation. Many more 

formulations such as fluorescent SPR are also available for improved and varied 

uses. 

CYANOACRYLATE FUMING 

Cyanoacrylate esters (generally the ethyl ester) are colorless, monomeric liquids 

sold commercially as rapid, high-strength glues (e.g., “Superglue”). 
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Cyanoacrylate liquid forms a vapor that reacts with certain sweat components 

in a latent fingerprint. The vapor selectively polymerizes on the fingerprint 

ridges to form a hard, white polymer known as polycyanoacrylate. Greasy 

fingerprints (i.e., prints with a high sebaceous component) appear to be 

particularly sensitive to cyanoacrylate vapor. 

 

Cyanoacrylate Fuming Chamber 

The cyanoacrylate fuming technique, effective on most nonporous substrates 

such as glass and plastic, was first devised by the Criminal Identification 

Division of the Japanese National Police Agency in 1978. Since then, 

cyanoacrylate fuming has become the most widely used process for the 

laboratory development of fingerprints on nonporous surfaces. The fuming set 

up can be constructed at minimal cost. These generally consist of a chamber, 

such as a glass aquarium, that can be sealed up to contain the cyanoacrylate 

vapor generated by means of a suitable heat source (e.g., modified soldering 

irons or a temperature-controlled hot plate). Items to be treated are suspended 

or placed in the chamber, and a small quantity of liquid cyanoacrylate is heated 

to around 80 to 100°C to produce sufficient vapor. A container of water may 

also be placed in the tank to ensure sufficient humidity for the development 

process, as low humidity tends to produce weakly developed prints that show 

poor contrast. Excess heat should be avoided and fingerprint development 

regularly inspected to avoid overdevelopment. Commercial cyanoacrylate 
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chambers show advantages over homemade systems but are generally quite 

expensive. Advantages include better temperature control, more efficient vapor 

circulation leading to more even development, and automatic removal of the 

cyanoacrylate vapor when the process is finished. Some systems also have 

humidity control. 

Portable fuming wands have been investigated for field use, and a number of 

commercial systems are now available. The fuming wand is based on a butane 

torch on which is placed a commercially manufactured cartridge containing 

solidified cyanoacrylate. When ignited, the torch heats the cartridge, and 

cyanoacrylate vapor is rapidly released. The fumes are directed onto the item to 

be processed until developed prints become visible to the naked eye. A vacuum 

cyanoacrylate (VCA) fuming technique is claimed to enhance the efficiency of 

the method in which development is achieved by placing the evidential objects 

in a large metal chamber, together with a small quantity of liquid cyanoacrylate 

glue; then the pressure is reduced to approximately 200 m torr (i.e., 0.2 torr, 

compared with standard atmospheric pressure of 760 torr) using a rotary 

pump. At this pressure, the evaporation of the cyanoacrylate is accelerated and 

the development time subsequently reduced. The contents of the chamber are 

kept under reduced pressure, in the presence of cyanoacrylate, for about 20 

min; then air is admitted and the objects checked for fingerprint development.  

The vacuum cyanoacrylate method gives more uniform fingerprint development 

than the traditional cyanoacrylate procedure. In addition, fingerprints 

developed by the vacuum process tend to show sharper ridge and pore detail. 

Prints developed by VCA tend to be translucent and only weakly visible to the 

naked eye. Care must therefore be taken to avoid overlooking weak prints. To 

obtain good contrast, enhancement of VCA-developed prints with a luminescent 

stain is generally required. 

The CA fuming process does not generally require the heating of the 

cyanoacrylate glue to achieve adequate fingerprint development. However, CA 

fuming using heat and vacuum can produce more uniform results, particularly 

on highly irregular surfaces, with no danger of overdevelopment or background 

interference. This modification to the VCA procedure also reduces fuming times 

without compromising the excellent ridge detail that is a characteristic of 

vacuum development. 

The contrast produced by fingerprints developed with cyanoacrylate can be 

enhanced by the application of a colored or luminescent stain. To obtain the 

best results with these stains, the cyanoacrylate development must be precisely 

controlled and overexposure rigorously avoided. Gentian violet can be used to 
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enhance CA-developed prints, but their use is generally restricted to lightly 

colored surfaces. The use of luminescent stains is preferred for all non-

luminescent surfaces, as the process is more sensitive and can produce results 

on dark or multicolored surfaces. However, the use of a luminescent stain 

requires the use of an appropriate light source for luminescence visualization. 

The most popular luminescent stains for this application include rhodamine 

6G, Ardrox 970- P10, and basic yellow 40. 

VACUUM METAL DEPOSITION (VMD) 

Fingerprint contamination on a surface can hinder the deposition of metallic 

films following metal evaporation under vacuum. This phenomenon has been 

known for a long time, but it could be exploited for the detection of latent 

fingerprints only recently. Vacuum metal deposition (VMD) is an extremely 

sensitive and useful technique for fingerprint detection on a variety of surfaces, 

and it can be employed in conjunction with other development techniques (such 

as cyanoacrylate fuming). Gold is evaporated under vacuum to form a very thin 

layer of metal on the surface under examination (this layer is invisible to the 

naked eye). A second layer of zinc or cadmium (the latter is rarely used because 

of its toxicity) is deposited in the same manner. The gold film is uniformly 

deposited across the surface of the sample and penetrates the fingerprint 

deposit. The zinc is deposited preferentially on the exposed gold but does not 

penetrate the fingerprint deposit. The ridges are therefore left transparent, while 

the background becomes plated with a layer of zinc.  Excellent fingerprint detail 

can be obtained in this way, with best results generally being obtained on 

nonporous surfaces such as plastic and glass. Fresh fingerprints (<48 h old) 

have also been developed on cloth and paper banknotes using this technique. 

 

Vacuum Metal Deposition Chamber 
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Under normal circumstances, VMD treatment produces negative prints, as zinc 

deposits on the background substrate and not the print ridges themselves. The 

quality of VMD development was found to depend to a significant extent on the 

polymer type and the amount of deposited gold. The amount of deposited gold 

therefore needs to be accurately controlled.  

DIMETHYLAMINOCINNAMALDEHYDE (DMAC) 

Urea is a major component of the eccrine secretion. Therefore, a urea-sensitive 

Reagent, 4-dimethylaminocinnamaldehyde (DMAC), can be used for latent 

fingerprint detection. A solution of DMAC can be used to develop latent 

fingerprints on porous surfaces such as paper. The reaction is rapid, giving a 

dark red reaction product that also has luminescence properties. The rapidity of 

the reaction, the relative abundance of urea in the latent print, and the low 

concentration of urea in most paper surfaces are principal advantages of the 

technique. Unfortunately, urea migrates rapidly through porous substrates, 

and blurred images are generally the rule for DMAC-developed prints older than 

a few days.  

OSMIUM TETROXIDE (OSO4) AND RUTHENIUM TETROXIDE (RTX) 

Osmium tetroxide (OsO4) is a volatile oxidant that reacts with the double bonds 

present in the unsaturated organic components of the fingerprint deposit 

(sebaceous gland secretion) to give a black product. The treatment is by simple 

exposure of the object to the vapor given off by crystals of the reagent in an 

enclosed glass container (as for iodine development). Development time ranges 

from 1 to 12 h, and dark gray–black fingerprint images are formed (Olsen 

1978). Good results have been achieved on both porous and nonporous 

surfaces, but the technique is particularly useful on porous surfaces such as 

paper banknotes that react strongly with ninhydrin. However, osmium tetroxide 

exposure can be fatal if the compound is inhaled, swallowed, or absorbed 

through the skin. The reagent must therefore be used with great care and only 

under standard conditions. Ruthenium tetroxide (RuO4) has also been tried as 

a sensitive technique for fuming latent prints. The reaction with fatty 

substances in the fingerprint deposit is the same as for osmium tetroxide. 

However, unlike osmium tetroxide, ruthenium tetroxide does not become 

gaseous at or near room temperature. Previous fuming methods called for a 

potentially hazardous application of heat in order to volatilize the crystals 

(RuO4 decomposes explosively at 108°C). Equal volumes of 0.1% ruthenium (III) 

chloride hydrate solution and 11.3% ceric ammonium nitrate solution are 

mixed together at room temperature in a closed container; ruthenium tetroxide 
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fumes are generated chemically by the oxidation of ruthenium chloride. The 

latent prints are developed as dark gray images over about 10 to 20 min, 

depending on the surface. (Longer development times may be required for 

surfaces such as wood or aluminum.) The developed prints have a similar 

aspect to those obtained by OsO4 treatment. RTX works well when sebaceous 

material is present in the latent fingerprint, but it is generally ineffective on 

eccrine secretions. A 4% sodium hypochlorite solution clears RTX-developed 

prints. 

SILVER NITRATE METHOD 

Silver nitrate reacts with the chloride component of the latent fingerprint 

(eccrine secretion) to form light-sensitive silver chloride. Upon exposure to light, 

silver chloride, which is white in color, is decomposed to silver metal, producing 

a black image of the fingerprint. The technique is effective on most paper 

surfaces and untreated wood. However, loss of fingerprint detail tends to be 

observed with relatively old prints (>1 week) developed with silver nitrate due to 

the diffusion of chlorides through the substrate. Although simple to apply, the 

method is destructive, causing a strong background reaction those results in a 

darkening of the substrate with time. Silver nitrate is also an expensive 

chemical reagent. 
                   

Silver nitrate + Sodium chloride     Silver chloride + Sodium nitrate    

 Sunlight     black cover prints 
 

A typical working solution is 2% (w/v) silver nitrate in methanol. The solution 

may be applied by immersion or with a spray. After treatment, the article is 

exposed to a UV light source (sunlight, arc lamp, or UV lamp) until the best 

contrast between the developed fingerprints and the substrate is observed. 

Developed prints should be photographed immediately and treated items stored 

in the dark 

SPECIAL METHODS 

Certain methods have been developed for special type of surfaces where latent 

fingerprints may be present such as sticky side of adhesive tapes. The most common 

and easy method is use of gentian violet (crystal violet) staining solutions.  Gentian 

violet (crystal violet) is a fat-soluble stain that is extremely effective for the examination 

of the adhesive surface of pressure-sensitive tapes such as clear Sellotape, paper 

masking tape, and PVC insulation tape. The procedure involves treating the adhesive 

side of the tape with a solution of gentian violet that contains phenol to assist the 

absorption of the stain by the sebaceous material in the print deposit. Treatment can 
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be by dipping, by floating the tape (adhesive side down) on the stain solution, or by 

application with a pipette. Excess reagent is then removed by washing with water. The 

sebaceous component of the fingerprint deposit is stained dark purple by this process, 

and therefore prints become visible as dark purple ridges against a lightly stained 

background. The degree of background staining is dependent on the nature of the 

tape and any contamination present.  

STICKY-SIDE POWDER 

Sticky-side powder, a suspension of black fingerprint powder in a detergent 

solution, is an extremely simple but effective technique for the detection of 

latent fingerprints on the sticky side of adhesive tape. To prepare the 

suspension, equal parts of detergent and water are mixed with a small amount 

of black powder until a consistency similar to thin paint is achieved. This 

suspension is then painted onto the adhesive surface using a soft brush (e.g., 

camel-hair fingerprint brush). After 10 to 15 sec, the adhesive surface is gently 

rinsed under running tap water. Treated prints are dark gray to black in color. 

The process can be repeated if development is weak. Good results are obtained 

on a range of adhesive surfaces including the adhesive side of duct tape, 

masking tape, surgical tape, paper-backed labels, clear plastic tapes, and 

reinforced packing tapes.  

ENHANCEMENT OF FINGERPRINTS IN BLOOD 

Fingerprints in blood are often encountered in cases of violent crime where the 

offender’s hands are contaminated with the blood of the victim. A fingerprint 

identified as being from the suspect, deposited in the blood of the victim (as 

suggested by DNA profiling evidence) constitutes very powerful evidence. Every 

effort should therefore be made to enhance any fingerprint in blood, for 

fingerprint identification purposes, without compromising the possibility of 

obtaining a DNA profile from the blood. Non-destructive optical enhancement 

procedures should be employed before proceeding with another treatment. 

Where possible, heavily bloodstained areas that are unlikely to yield ridge detail 

should be sampled for DNA profiling purposes before processing the surface for 

fingerprint evidence.  

There are a number of blood- or protein-specific enhancement techniques (e.g., 

amido black and diaminobenzidine) that will not develop any latent fingerprints 

that may be present and are likely to destroy such prints. This must be taken 

into consideration when processing an item for fingerprint evidence. An 

appropriate sequence of methods is required that will both develop any latent 

fingerprints that are present and enhance any fingerprints in blood.  
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Although blood has a broad absorption spectrum in the entire light region (UV–

visible– IR), it exhibits a strong and narrow absorption maximum at 415 nm. 

The enhancement of untreated blood prints can be performed in either the 

absorption or reflection modes. Optical enhancement techniques are generally 

nondestructive, and therefore their use is strongly recommended before 

proceeding with any chemical treatment.  

To employ the absorption mode for blood enhancement, a forensic light source 

is required that provides a strong band of light at around 415 nm. Under dark 

conditions, blood prints will appear almost black under such illumination due 

to the strong absorption of dry blood at this wavelength. Good contrast will 

therefore be obtained on lightly colored or luminescent surfaces. Before 

proceeding with any chemical treatment such as the application of a protein 

stain, blood prints need to be “fixed” to prevent the blood from washing away or 

diffusing. Two effective blood-fixing agents are methanol and 5-sulfosalicylic 

acid solution. The average fixing time is generally 5 min, although heavy 

deposits should be fixed for longer periods, 15 min or more, before applying the 

enhancement process. 

The protein stain amido black (naphthol blue black B; acid black 1) has long 

been a recommended treatment for fingerprints in blood on both porous and 

nonporous surfaces.   

Such prints are generally treated by immersion in a solution of amido black. 

After approximately 30 sec in the staining solution, the sample is washed 

successively in three different solutions to clear (de-stain) the background, 

thereby improving the fingerprint contrast. Treated prints are visible as dark 

blue ridges against a light blue or colorless background (depending on the 

nature of the support). The conventional 

Further Readings:  

1. J.E. Cowger, Friction Ridge Skin, CRC Press, Boca Raton, 1983. 

2. H.C. Lee and R.E. Gaensslen, Advances in Fingerprint Technology, CRC 

 Press, Boca Raton, 1991 

3. Asbaugh, DR: Quantitative and Qualitative Friction Ridge Analysis, CRC 

 Press 1999 

4. Nath, S.: Fingerprint Identification in Crime Detection. Reliance 

 publishing House, New Delhi, 1991 

5. Christophe Champod , Chris Lennard and Pierre Margot : Fingerprints 

 and Other Ridge Skin Impressions  CRC Press 2004 
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   FUNDAMENTALS OF CRIMINALISTICS AND CSI 

 

LESSON NO. 1.8         UNIT-B        AUTHOR : DR. O.P. JASUJA 
 

 

EXAMINATION OF FINGERPRINTS, PALMPRINTS AND 

SHOE IMPRESSIONS  
 

Comparison of Fingerprints: When a need arises to establish identity from 

the questioned fingerprint which may be inked or a chance print, process of 

comparison is followed for the purpose. The question print is compared with the 

specimen fingerprint which has been obtained from the suspect/s or from the 

fingerprint bureau. According to basic principles of fingerprints, no two 

fingerprints from different fingers can be identical. This fact is based on a large 

number of examinations of fingerprints and their comparison. Also, it is known 

that no two objects can be exactly alike though many similarities may exist. It is 

true in case of fingerprints also. Two fingerprints from different fingers may 

have same type of the fingerprint pattern, same number of ridge count, still it 

will be having differences to establish the fact that they belong to different 

fingers. The features mentioned above like pattern type and ridge count can be 

called as class characteristics because they may be common in more than one 

fingerprint as, for example, we know that the pattern types are just few in 

numbers to name as Arches, loops and whorls. The characteristics which are 

mainly responsible for establishing identity or otherwise of two fingerprints are 

called Individual characteristics or Galton details (as they were suggested by 

Francis Galton, The father of Fingerprints science) or minutiae (as they are very 

minute in nature). Therefore, broadly we can say that comparison of two 

fingerprints to establish identity is furnished on the basis of class 

characteristics (pattern type, ridge count) and individual characteristics (Galton 

details or ridge details). The individual characteristics are present in a 

fingerprint in form of certain features demonstrated by ridges as bifurcation of 

ridges, ending of the ridges, enclosure made by ridges, fragment of the ridge, a 

very small fragment of the ridge of the size of the dot, two ridges may cross each 

other, two ridges may be connected with each other by a ridge, a ridge may end 

abruptly but appears again in the same alignment to continue with. All these 

features have been demonstrated in the figures given below:  

89 
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        Dot      Bifurcation        Ridge ending  Enclosure    Bridge        Spur 

Figure 1 : Various types of ridge characteristics 

 

Figure – 2 Ridge characteristics in a fingerprint 

 

 

Figure – 3 Comparison of fingerprints 

To compare the inked prints poses not much difficulty but comparison of latent 

fingerprints is comparatively a difficult task as they are rarely complete. Due to 

this reason, it may be very difficult to ascertain the area of finger from the 
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latent fingerprint. Also being incomplete, sufficient number of characteristics 

may not be available to make the opinion about it. In addition to this, core and 

delta may also be absent in the latent prints.  From partial print it may be 

difficult to ascertain correctly about the pattern type as a double loop may 

appear in the print as a loop pattern. 

In any case, if the pattern types are ascertained correctly and found to be 

different, it can be said as fingerprints from different fingers. But, in case they 

are found to be of same pattern type, it is not possible to say definitely on the 

basis of that fact only that they belong to same finger. To ascertain that fact we 

have to look for the individual characteristics mentioned in the fingerprints. In 

a rolled inked fingerprint, on average, about 150- 200 ridge characteristics are 

present. From this fact one can guess about the approximate number of ridge 

characteristics in chance prints. These ridge characteristics when found in 

sufficient number (generally this number varies from 6-16) at corresponding 

position then it can be said that the two are from the same finger. When two 

fingerprints having same pattern and sub pattern type differ in ridge details then 

they are to be declared as non identical that is impressed by different fingers. 

PALMPRINTS : Like fingerprints, the palm prints also can be used in personal 

identification as they also have the same dermal ridges as in fingerprints. 

Though the pattern types found in palm prints are not present in the same way 

as they are present in fingerprints, still so far identification is concerned the 

same method can be applied in the palm prints also. Figure-4 demonstrates the 

similar type of ridge characteristics in a part of the palm print.  With concern to 

classification of palm prints, a different system is used and discussed in 

following pages.  It is quite frequent that in addition to fingerprints, full or 

partial palm prints may also be present at the scene of occurrence.  

 

 

Figure – 4  A portion of palm print 
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Recording of inked palm prints: Palm prints are recorded on blank white 

sheet/card sheet with minimal markings. Eleven-inch heavy paper may be more 

useful. Palm prints are taken by affixing the card to a cylinder and rolling the 

hand down the length of the card. Since many people have a depressed area in 

the center of the palm, the cylinder is to be used so that it can be printed.  An 

even coating of ink is applied to the palm and full length of the fingers using the 

ink roller. Care must be exercised, however, to apply ink to all areas, including 

the outer edge of the palm. If a cylinder is not available, the inked hand is 

simply placed on the card with the fingers slightly spread and pressed firmly. 

Movement of the hand once positioned on the card must be prevented. The 

hand is then removed with a straight upward motion. The hand is then turned 

until the thumb is pointing up, placed to the outer side of the recorded print in 

a clear area and pressed to the card. A slight roll to the inside of the hand is 

executed.  Cylinder recording requires a device with a sufficient circumference 

to accommodate the full length of the card without an overlap. 

Development of latent palm prints: Development of latent prints can be 

performed in the same manner as in case of latent fingerprints. 

Classification of palm prints: Though not all the fingerprints bureau may 

have a collection of palm prints, if a collection of palm prints is to be 

maintained then they are to be classified as fingerprints for easy retrieval. 

A classification system for classifying palm prints, based on tracing of various 

triradii present in different areas of the palm, is evolved and described below:  A 

palm can be divided into different areas starting from thumb or radial side 

namely thenar eminence, interdigital areas I, II,  III and IV, and hypothenar 

eminence. At the base of   digit II to V, there exists a digital pad and in this 

digital pad ridges make a tri radius called digital tri radius. Apart from this, 

axial tri radius is present at or very close to proximal end of the palm, in the 

area intervening thenar and hypothenar eminences. We trace the proximal 

radiant of each triradii which is called main line and moves to interior of the 

palm. These main lines originating from digital triradii II to V are named as 

mainline A, B, C, and D respectively. In case of axial triradii, line is called T and 

traced from its distal radiant. All these main lines make exit on different areas 

of the palm around the periphery. These areas are also assigned the numbers 

starting from the base of thenar eminence to interdigital area between thumb 

and index fingers (Figure – 6). The classification formula is based on the points 

where these main lines exit. It is recorded in sequence of D,C,B,A with periods 

separating the symbols. Main line T is also included and its exit is noted in the 
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formula. The extensions of this classification are also available to achieve the 

more objectivity and to include more palm prints. 

                Distal         

Ulnar  Radial 

                         Proximal 

Figure-5 various areas of a palm print 

 

Figure - 6 The scheme of numbers for formulating palmar main lines 

(adopted from Fingerprints, palms and soles by Cummins, H and Midlo, C. 1943 

The Blakiston Co.) 

EXAMINATION OF FOOT PRINTS:  Foot prints may be present in all type 

criminal cases like any other physical clue material. Rather, it is said that the 
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chances of finding footprints are far higher than other similar type of the clues 

as fingerprints for the reason that come what may one has to put one’s feet on 

the ground for standing and walking. 

                    

Figure- 7: Footprint on moon                      Figure- 8: Footprints at crime scene 

One may avoid transferring his fingerprints but he cannot avoid footprints due 

to the above mentioned reason. Footprints may be present on the surface of 

walk which may be muddy, loose soil, wet surface, cemented floor, carpeted 

floor or grassy lawn etc.. Footprints may be in the form of bare feet prints or 

shoe prints. The footprints may be two dimensional or three dimensional 

depending upon the type of surface. On hard surfaces as cemented floor or 

carpeted surface these may be two dimensional while on surface like muddy or 

loose soil surface there may be three dimensional impressions. In this lesson 

term ‘footprints’ has been used for all these type of prints and impression made 

by foot or shoe for the sake of clarity. 

The use of footprints as a tool for personal identification throughout the world is well 

known since the ancient times when even the fingerprints were not in use. The 

trackers known as ‘pedu’, ‘Pagi’ in north western part of India are very well known in 

the profession of tracking the criminals in rural areas. Though they were untrained 

and illiterate, they used to succeed in deducing a lot of information about the built of 

suspect, profession of the suspect, direction of his exit etc. with the help of a wooden 

stick and measurements made by it.  Two very important publications in the form of 

books appeared in early 20th century on their profession in India which are still 

being referred as basic text on this subject. 

As in most of the forensic cases, in cases of foot prints also, identity of the suspect 

is established by the process of comparison of scene foot print with specimen 
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prints. In case of bare footprints, dermatoglyphic details similar to fingerprints, toe 

and heel peculiarities may give characteristic information while in case of 

shoeprints, wear and tear marks in the shoes, imprint on the insole, nail and holes 

on the sole of shoe may provide comparison material. These peculiar 

characteristics of the foot or shoe print may afford a fairly complete picture of the 

person making it and identity of the same may be fixed on that basis. 

COLLECTION OF FOOTPRINTS :  

When ever footprints are present on the scene they are to be saved from any 

possible alteration to the print or neighboring area till the footprint expert 

reaches there for analysis. Footprints must be recorded invariably through 

photography with the help of scale and indication of direction of walk. There 

may be more than one print of the same person in sequence providing a 

walking pattern helping in a better way than a single print, but they may belong 

to different persons also indicating about the number of involved persons. In 

that case, try should be made to identify the various footprints, segregate them 

and record each one of them separately and finally to correlate them with each 

other and establish identity. 

As mentioned earlier, footprints may be two dimensional or three dimensional 

and may be present on floor, carpet or mud etc., they may be treated 

accordingly. When it is bare foot and on hard surface, then methods used to 

make visible latent fingerprints may also be used to decipher footprints. When 

footprints are present on floor or hard surface, an electrostatic method can be 

applied to record the footprints with the help of Electrostatic Dust Print Lifting 

Device. It is operated by charging a lifting film which has been placed over a 

surface bearing a dust print impression. During operation, the electro-statically 

charged lifting film is drawn down to the surface, and the dust particles in the 

impression are attracted to the lifting film. The construction of the lifting film 

allows it to store the electrostatic charge, thus retaining the dust particles, after 

the power supply has been disconnected. The impression-bearing film is then 

viewed with an oblique light source to search for any impressions that have 

been recovered. Gelatin lifters also help in lifting footprints from different 

surfaces like where dust or dirt has been instrumental in making footprints. 

These tapes are available in different colors for contrast with background and 

don’t stick very strongly with the surface of contact so to make it easy to lift the 

tape after collecting the print. 
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Figure 9: Lifting of footprints with gelatin film         Figure- 10: Electrostatic kit  

 

In case of three dimensional prints, casting found to be the best method as it 

renders a permanent record of the print. But it is a destructive technique so 

only one chance is available to record it. Therefore, before going for final casting 

process, one may try to make the cast in the adjoining area to check the 

suitability of the method. The cast of the print can be prepared by a number of 

materials like wax, resins, plasticine, sulpher, silicon, dental stone etc but the 

most preferred material for the purpose is Plaster of Paris as it is easy to use for 

variety of surfaces as well as economic. 

Preparation of Plaster cast:  For preparation of plaster cast of the foot print, first 

of all surround the print with the help of a metal or card board frame of about 

two inches in height. A homogeneous mixture of Plaster of Paris is prepared in 

water in the ratio of 2:1 and gently poured at a very low angle with the help of a 

spatula along the side of frame where no print exists. After about 2/3 inch level 

of mixture in frame, some reinforcement of thin wires or wooden sticks is put to 

strengthen the cast. The mixture is again poured till it reaches a level of 1 to 

11/2  inch and allowed to harden. Generally hardening takes 20-30 minutes and 

can be made rapid or slow as desired by adding a small quantity of common 

salt or sugar respectively to the mixture. 

When prints are present on a soft surface like sand, dust etc it is suggested 

that a very thin spray of the shellac may be used to fix the loose particles of the 

soil. 
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Evaluation of footprints : The foot print evidence may be present in 

different forms at crime scene and following are the most common type of 

situations, 

1. The full gait pattern may be available (means at least two foot prints are 
present minimum showing the walking picture): Every individual has a 
characteristic walk which will be repeated consistently and regularly at 
different stages and found to be different from other individuals. With a 
large number of observations like direction line, walking line, foot line, foot 
angle, step length, and angle of step, gait patterns can be individualized to 
identify the person. 

2. When only pattern of the sole of footwear may be available: From the 
features like design of the pattern on the sole of the footwear, one can make 
out the type of footwear. Face to face comparison of design of sole, wear and 
tear marks, deterioration of the heel due to peculiar walking habit can give 
very significant information about the person to whom that footwear may 
belong. 

3. When only dimensions of foot/ shoe are available: when only dimensions of 
the foot/shoe are available there are very few chances to get much 
information from the evidence though it may help us to estimate the height 
of the person which is considered as an important information for personal 
identification. 

4. When the finer details like ridge characteristics are available: Sometimes it 
is possible that finer details like ridges from the bare foot are present in the 
print. In those cases, it can be treated as we deal with the fingerprints. 

5. When footwear itself is available at the scene: When footwear itself is present, it 
may help to identify the person on the basis of wear and tears present on the 
sole of the shoe as well as on the upper of the shoe and insole of the shoe. 
Some of the important features present on the sole and insole of the shoe are 
already mentioned while on the upper of the shoe, crease marks and cuts may 
indicate towards some peculiarities in structure of foot. 

Suggested Questions : 

1. Discuss classification of palmprint and its significance in criminal 

 investigation. 

2. How do you collect and evaluate foot prints recovered from crime scene. 

Further Readings:  

1. J.E. Cowger, Friction Ridge Skin, CRC Press, Boca Raton  1983. 

2. H.C. Lee and R.E. Gaensleen, Advances in Fingerprint Technology, CRC 
Press, Boca Raton . 1991 

3. Cummins, H and Midlo, C. Fingerprints, palms and soles  The Blakiston Co. 
1943 
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4. Bodziak, W.J. Footwear impression evidence  Elsevier.1990  

5. Sharma, B.R. :  Footprints: tracks and Trails. Central law Agency 1980 

6. Saxena, B.L.; Law and techniques relating to identification of handwriting, 
disputed documents, finger prints, foots and detection of forgeries, Central 
Law Agency, Allahabad (1990) 

 

 


