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Lancaster City Schools 

 
The Vision 

A community focused on student achievement 
 

The Mission  
To prepare students of all ages to meet 

academic, social, civic, cultural, and 
employment needs of the 21st Century. 
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Educational Philosophy 
 
 
 

The School Board believes in the dignity and uniqueness of each student and recognizing their inherent differences, 
endeavors to provide a broad curriculum enabling students to reach their maximum potentials. 
 
Success in education necessitates a curriculum that considers multiple learning styles and which encompasses a variety 
of teaching methods. 
 
Mental and emotional development begins at birth and continues throughout life.  Each of our schools must strive to 
create an atmosphere which fosters healthy and productive attitudes toward education and which encourages a life-
long interest in learning. 
 
The Lancaster City Schools are committed to: 
 

1. teaching 21st century skills pertaining to reading, writing, mathematics, historical perspective, scientific inquiry, 
technology, arts, culture, health and wellness, social and vocational areas to meet or exceed a mastery level so 
that students continue intellectual growth and development; 

 
2. providing experiences which enable students to develop critical thinking, reasoning, problem solving and 

decision making skills; 
 

3. stimulating creativity, encouraging personal enrichment, 
 

4.  and providing approaches to wellness that enable students to define their individuality; 
 

5. fostering attitudes of acceptance and respect for the ideas, beliefs and goals of others; 
 

6. fostering attitudes of social responsibility so that every student contributes to their community in a positive 
way. 

 

Our ultimate goal is to generate graduates of the Lancaster City Schools who, as adults, will stand confidently, 

participate fully, learn continually and contribute meaningfully to our world.  
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Goals and Objectives 
 
 

The goal of this school system is to accept responsibility for the development of each child into an adult who 
can stand confidently, participate fully, learn continually and contribute meaningfully to our world.   

To achieve the desired goal, five equally important objectives with desired outcomes will be incorporated into 
our curriculum planning:  

1.  To ensure that each student develops mastery in academic skills.   
 
2.  To ensure that each student develops the capacity to recognize and analyze current and future challenges 
and opportunities.   

3.  To ensure the development of meaningful interpersonal relationships among students, staff and the 
community.   

4.  To ensure that staff, students and parents are afforded maximum feasible participation in the development 
and evaluation of programs and policies that meet the educational needs of all stakeholders. 

5.  To ensure maximum efficiency in the allocation of human and material resources.   
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Science Philosophy 
 
 

Science is the discovery of knowledge through a standard, logical process using observation and investigation. 
Science education must stress this structured scientific method of inquiry.   Integration of technology is 
necessary to explore and deepen student understanding of scientific concepts. 
 
A hands-on approach that incorporates the use of inquiry, technology, and gathering data is felt to be the 
most effective instructional method. It is also believed that it is critical students ask questions, problem solve, 
use critical thinking, and communicate their findings to others. The Lancaster City Schools Science Course of 
Study details the necessary knowledge, concepts, skills, and scientific principles necessary to understand 
scientific issues of our time.  
 
The planned teaching experiences should occur in an intellectual environment developed at a pace and level 
that corresponds with individual student needs. Opportunities should be provided for remediation, 
enrichment and acceleration. 
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Lancaster City Schools 
Forensic Science 

 
             

 
 
 

              
 

 
               
               
               
               
                
 
    
  The following will be applied and integrated into each section of this course: 
   

Science Inquiry and Applications Technological and Engineering Design 
 Identify questions that can be answered through 

scientific investigations. 
 Identify a problem or need, consider design criteria 

and constraints. 

 Use appropriate mathematics, tools, and 
techniques to gather data and information. 

 Synthesize technological and engineering 
knowledge and design in problem-solving. 

 Develop descriptions, models, explanations, and 
predictions. 

 Apply research, development, experimentation, and 
redesign based on feedback to problem-solving. 

 Think critically and logically to connect evidence 
and explanations. 

 Build, test, and evaluate a model or prototype that 
solves a problem or need. 

 Recognize and analyze alternative explanations 
and predications. 

 Communicate scientific procedures and 
explanations. 

 Analyze and interpret data. 

 Demonstrate an understanding of the relationship 
among people, technology, engineering and the 
environment. 

 Integrate multiple disciplines when problem-solving. 

 Design and conduct a scientific investigation.  

    
Course of Study from http://school.cengage.com/forensicscience/ 

 
1.  Observation Skills 

 
I. Scenario: Someone Was Stealing Trees 

A. A farmer reported several valuable trees had been cut down and stolen. 
B. Investigators followed the clues, observing tire tracks, traces of paint, and other evidence. 
C. Police matched paint samples to the truck used in the theft. 

 
II. Observation 

A. A basic and important tool of a forensic investigator is the ability to observe, interpret, and report 
observations. 
1. Define 
2. Five senses 

B. We are constantly collecting information through observations sight, hearing, smell, taste, and touch. 
1. Brain filtering 

Strand:      Life Science, Physical Science 

Course:  Forensic science is the application of science to legal issues. The purpose 
of a forensic scientist is to be objective, search for evidence, and serve justice by 
determining facts involved in a case.      
          
  Course Content:  Forensic Science is a component of the Criminal Science 

program. The FS course is a hands on course with the purpose of developing 
skills in crime scene observation, sample extractions, and analysis of 
materials for use as evidence in a court of law.     
         
         
         
  

 
         
         
         
         
         
         

http://school.cengage.com/forensicscience/


 

LCS Forensic Science Course of Study 9/2011                                                                                                                                                                                    10 
 

C. Filtering is an unconscious process that helps the brain deal with all the stimuli and information that bombards 
it. 
1. Sensory overload 
2. Filling in gaps 

 
III. Witness and eyewitness accounts 

A. Many things influence a witness and, therefore, impact his or her recollection and account of the 
situation. 

1. Perception 
2. Factors affecting observational skills 
3. The Innocence Project 

B. Studies conducted by the project have found that faulty eyewitness identifications have 
contributed to up to 87 percent of wrongful convictions. 

1. Fact vs. opinion 
IV. Practicing good observation skills 

A. Basic Tips 
B. Observational aids 

V. Observation in forensic science 
A. A forensic investigator finds, examines, and evaluates evidence using many tools, including observation skills. 

1. Define forensics 
a. Analytical skills 
b. Deductive reasonings 

2. History of forensics 
3. Professions of forensic science 

 
  

2. Crime Scene Investigation and Evidence Collection 

I. Scenario:  the JonBenet Ramsey Case 
 

A. In 1996, six-year old JonBenet Ramsey was found murdered in the basement of her home. 
B. This crime scene reveals how important it is for crime scene investigators to secure a crime scene immediately or 

valuable evidence may be lost forever. 
C. To this day, the case remains unsolved. 

  
II. Introduction 

A. The crime scene investigation team is responsible for recognizing, documenting, and collecting evidence. 
B. The evidence collected at a crime scene is all investigators have to go on to recreate a picture of what happened 

at the scene.  
 
III. Principle of Exchange 

A. Physical transfer of materials such as hair, fibers, blood, and skin cells will occur whenever two people come in 
contact with each other.  Dr. Edmond Locard was the first to describe this principle of exchange. 

B. The longer or more intense the contact between two people, the greater amount of trace evidence present. 
C. It is the job of the forensic examiner to recognize, collect and analyze this trace evidence to help solve crimes. 

 
IV. Types of Evidence 

A. Direct evidence, or first-hand observations, and indirect or circumstantial evidence are two ways to classify 
evidence. 

B. Circumstantial evidence is physical evidence that might be trace evidence or gross evidence. It includes blood, 
saliva, hair or fibers that can be used to imply fact but does not directly prove it. 

C. Evidence can also be divided into class evidence, which narrows evidence to a group, and individual evidence, 
which narrows evidence down to one person. 

 
V. The Crime Scene Investigation Team 

A. The team is made up of legal professionals, such as police officers and detectives, and scientific professionals, 
such as a coroner and specialists like toxicologists, who work together to solve a crime. 
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VI. The Seven S’s of Crime Scene Investigation 

A. Securing the Scene 
1. The first responding police officer must make sure the scene is secure by first making sure all individuals in 

the area are safe and second by preserving evidence. 
B. Separating the Witnesses 

1. Witnesses must not be allowed to talk to one another. 
C. Scan the Scene 

1. The primary and secondary crime scenes must be determined and decisions regarding where photos should 
be taken are made. 

D. See the Scene 
1. Photos of the overall area and close up photos with and without a measuring ruler should be taken. 

E. Sketching the Scene 
1. A rough sketch and a neater final copy of the crime scene drawn to scale must be made. 

F. Search for Evidence 
1. A spiral, grid, linear or quadrant pattern should be walked and location of evidence marked, photographed 

and sketched. 
G. Securing and Collecting the Evidence 

1. All evidence must be properly packaged, sealed and labeled using specific techniques and procedures. 
2. An evidence log and a chain of custody must be attached to the evidence container. 

a. Packaging Evidence 

 Each piece of evidence should be wrapped in an appropriate sized bundle, placed and 
sealed in an evidence bag, with the collector's signature along the taped edge. 

b. Chain of Custody 

 Each person who comes in contact with a piece of evidence must use proper procedure and 
protocol in order to maintain responsible handling of evidence from crime scene to courtroom. 

 
VII. Analyze the Evidence 

A. A forensic lab processes all evidence the crime scene investigation team collects to determine the facts of the 
case and to eventually reconstruct the crime scene. 

 
VIII. Crime Scene Reconstruction 

A. Forming a hypothesis of the sequence of events from before the crime was committed through its commission. 
 

IX. Staged Crime Scenes 
A. Staged crime scenes, such as a murder set up to look like a suicide, cause many problems because the evidence 

does not match the testimony of witnesses. 

 
 

3. The Study of Hair 
 
I. Scenario:  Neutron Activation Analysis of Hair 
 
II. Introduction 

A. Careful analysis of hair can provide important clues in an investigation. 
 

III. History of Hair Analysis 
A. Hair has been gathered as evidence for many years. 
B. Cases are not solved solely on the basis of hair analysis unless DNA analysis can be performed. 

 
IV. Function of Hair 

A. Hair has important functions for the mammals, including humans, who have hair. 
B. These functions include temperature regulation and protection.  

 
V. Structure of Hair 

A. All hair has the same basic structure. 
B. One can compare the internal structure of a hair to that of a graphite pencil. 
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1. Types of Cuticles 
a. The cuticle is the outer, protective layer of the hair. 
b. Cuticles can have different shapes depending upon the species of the mammal involved. 

2. Types of Cortex 
a. The cortex is the layer between the cuticle and the medulla. 

3. Types of Medulla 
a. The medulla is the center layer of the hair.  
b. The medulla contains pigment and may be continuous or broken in different patterns.  

 
VI. Types of Hair 

A. Hair from Different Parts of the Body 
1. Hair that grows on one part of the human body is different from hair grown on another part of the body. 

B. The Life Cycle of Hair 
1. Hair goes through several stages during its life. 
2. These stages are called the life cycle of hair. 

C. Treated Hair 
1. When a person chemically treats his or her hair, traces of the chemicals used remain. 
2. These traces are not only color or structural changes but also subtle changes 
that can be detected only by using a microscope. 

D. Racial Differences 
1. Broad racial categorization can be made by identifying certain characteristics of hair.  

E. Animal Hair and Human Hair 
1. Human hair differs from that of other animals. 
2. One of the more reliable ways to distinguish between a human and other animal hair is to calculate the 

medullary index of the hair. 
      F. Using Hair in an Investigation 

1. Hair can be used in an investigation. 
2. Investigators often make observations about the macroscopic and microscopic features of a hair. 

G. Microscopy 
1. Microscopes (especially comparison microscopes) are important tools to the forensic investigation of hair. 
2. Different kinds of microscopes provide different kinds of evidence. 

H. Testing for Substances in the Hair Shaft 
1. Some toxins and drugs which an individual has ingested leave traces in the hair. 
2. Investigators can calculate the length of time during which a person was taking drugs or ingesting other 

toxins. 
I. Testing the Hair Follicle 

1. The hair follicle may contain DNA. 
2. When DNA is present, hair can be used as individual evidence since a DNA fingerprint can be obtained. 

 

4.   A Study of Fibers and Textiles 

I. Scenario: A Thread of Evidence 
A. String of murders of black youth rocked Atlanta in the1980s. 
B. Police gathered a number of unusually shaped fibers. 
C.   Fiber match to the rug was the key to conviction. 

 
II. Introduction: Fibers are used in forensic science to create a link between crime and suspect. 

A. Direct transfer - fibers may be transferred directly from victim to suspect  or suspect to victim. 
B. Secondary transfer - If a victim has fibers on his person that he picked  up and then transferred to a suspect 
C. How Forensic Scientists Use Fibers 

1. Type of fiber – composition, uniqueness, and so on. 
2. Fiber color – often key to matching techniques. 
3. Number found – usually the more found the easier the match. 
4. Where found – can you place the suspect at the scene?  
5. Textile fiber originated from – carpet, upholstery, car, and so forth. 
6. Multiple fibers – several types of fibers can be more conclusive. 
7. Type of crime – can be the key to fiber transfer 
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8. Time between crime and fiber discovery – passage of time greatly  reduces the effectiveness of fiber 
evidence. 

 
III. Sampling and Testing 

A. Gathering evidence  
  1. special vacuums 
  2. sticky tape 
  3. tweezers 

B. Analysis 
  1. Nondestructive  
   a. polarizing light microscopy  
   b. infrared spectroscopy. 
  2. Destructive  
   a. burning 
   b. dissolving in solvents 

 
IV. Fiber and Textile Evidence 

A. Fiber classification 
1. Natural 

a. Animal 
 i. fur 
 ii. hair 
 iii. silk 
b. Plant fibers 
 i. seed fibers, example: cotton 
 ii. fruit fibers. example: coir 
 iii. stem fibers, example: hemp 
 iv. leaf fibers, example manila 
c. Mineral fibers or asbestos 

2. Man-made fibers include rayon, acetate, nylon, acrylics, and polyesters 
a. Regenerated fibers 
 i. derived from cellulose  
 ii. mostly plant in origin 
 iii. example: rayon 
b. Synthetic polymer fibers 
 i. petroleum products  
 ii. non-cellulose based fibers 
 iii. polyester, nylon, acrylic, olefins 

3. Comparison of natural and synthetic fibers 
        a. under magnification, all synthetic fibers have very  regular diameters. 
        b. hairs have cuticles 

   
V. Yarns - Fibers too short to be used to make textiles in their raw state may be spun together to make yarns. 
 A. Any given yarn will have a direction of twist.  
 b. Forensic scientists will identify the twist direction as part of their  identification.  
 
VI. Textiles 

A. Weave pattern 
 1. warp & weft 
 2. pattern determined by number of threads jumped as weave over  and under 
B. Thread count = The number of threads that are packed together for any given amount of fabric 

VII. Summary 
 
VIII. Case Studies 
 A. The murder of George Marsh (1912) 
 B. Roger Payne (1968 U.K.) 
 C. John Joubert (1983 Nebraska) 
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IX. Careers in Forensics 
 A. Irene Good  - textile expert 
 
X. Chapter Review 

 

5. Pollen and Spore Examination 
 
Scenario – A Season of Death 

 In 1994, a mass grave with 32 bodies was unearthed. 

 Pollen evidence found in the nasal passages of the skulls helped investigators date the time of the executions. 
 
I.  Introduction 
 A. define forensic palynology 
  1. New field in forensic science--Pollen fingerprinting 
  2. Compare it to DNA fingerprinting 
  
 B. define pollen and spore 
  1.  Reproductive structures 
  2.  Resistant structures 
 
II. Pollen-Producing plants 
 A. gymnosperms (show physical examples) 
  1. Conifers 

2. Junipers: pine trees, cedar trees 
 B. angiosperms (show physical examples) 
  1. Produce flowers 

2. Produce fruits 
   
III. Reproductive organ of plants 
 A. flower 
  1. Discuss and show male and female structures 
  2. Explain that the ovary protects seeds 
 B. sporangium, spore cap 
 
IV. Pollination  
 A. self-pollination 
  1. Produces less pollen 
  2. No genetic variation 
 B. cross-pollination 
  1. Produces more pollen 
  2. Genetic variation 
 
V. Seed dispersal 
 A. wind 
  1. Most abundant in pollen production, but not reliable method 
 B. animal 
  1. Most diverse; can be carried over long distances 
  2. durable, easily collected 
 C. Water  
  1. degrades when outside of water 
 
VI. Collecting pollen or spore samples 
 A. Avoiding contamination 
  1. Aseptic techniques 
 
 B. Microscopy and other instrumentation 
  1. Light microscope 
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  2. Scanning electron microscope 
 
VII. Examination of Pollen or Spores 

6.  Fingerprints 
 
Scenario: Unaltered Identity 
 
I. Introduction 

A. Mark Twain would probably be impressed by how far the use of fingerprints to identify criminals has come today.   
B. In 1894, Twain was writing about solving crimes based on unique identifying marks, fingerprints.  

 
II. Historical Development 

A. Several ancient cultures used fingerprints on official documents. 
B. In western culture, the earliest record of the study of the patterns on human hands comes from 1684. 
C. In 1823, Jan Evangelist Purkyn described nine distinct fingerprint patterns including loops, spirals, circles, and 

double whorls.  
D. In 1879, Bertillon created a way of identifying repeat offenders through physical measurements. 
E. Sir Francis Galton verified that fingerprints do not change with age. Galton and Sir E.R. Henry developed the 

classification system for fingerprints that is still in use today in the United States and Europe. 
F. In 1891, Iván (Juan) Vucetich improved fingerprint collection and began printing all ten fingerprints. 
G. In 1896, Sir Edmund Richard Henry created a system that divided fingerprint records into groups based on 

whether they have an "arch," "whorl," or "loop" pattern. Each fingerprint card in the system was called a ten card. 
These cards were imprinted with all ten fingerprints of a person and marked with individual characteristics. 
 

III. What are Fingerprints? 
A. All fingers, toes, feet, and palms are covered with small ridges that are raised portions of the skin, arranged in 

connected units called dermal, or friction, ridges. (Lips also have these ridges. The study of lip prints is called 
cheiloscopy.) 

B. When these ridges press against things, they leave a mark, an impression called a fingerprint. 
 

IV. Formation of Fingerprints 
A. Fingerprint patterns are formed during the 10th week of pregnancy. 
B. Creation of the fingerprints happens in the basal layer of the epidermis of the skin. 
C. These cells in the basal layer grow quickly and collapse and fold on top of each other. 

 
V. Characteristics of Fingerprints 

A. Fingerprint characteristics are named for their general visual appearance. These patterns and are called loops, 
whorls, and arches. 

B. Two things a forensic examiner looks for on a fingerprint are the presence of a core and deltas. 
C. A ridge count is another characteristic used to distinguish one fingerprint from another. 
D. Basic fingerprint patterns of whorls, arches and loops can be further divided. 
E. While looking at the basic fingerprint patterns can quickly help eliminate a suspect, in order to positively match a 

print found at a crime scene to an individual, more information is needed. 
F. Every individual, including identical twins, has a unique fingerprint due to unique ridge patterns called minutiae 

(because the details are so small). 
 

VI. Types of Fingerprints 
A. There are three types of prints found by investigators at a crime scene. They are patent, plastic, and latent prints. 
B. Patent fingerprints, or visible prints, are left on a smooth surface when blood, ink or some other liquid comes in 

contact with the hands and is then transferred to that surface. 
C. Plastic fingerprints are actual indentations left in some soft material such as clay, putty, or wax. 
D. Latent fingerprints, or hidden prints, are caused by the transfer of oils and other body secretions onto a surface. 

 
VII. Fingerprint Forensic FAQs 

A. Can fingerprints be altered or disguised? 
1. John Dillinger, Public Enemy Number One in the 1930's, tried to alter his fingerprints, but essentially 

he made his fingerprints even more unique. 
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B. How reliable is fingerprinting as a means of identification? 
1. Fingerprint identification is not flawless, because people enter and analyze information and people 

make mistakes. 
C. How are fingerprints analyzed? 

1. In 1999, the FBI developed IAFIS, the Integrated Automated Fingerprint Identification System, which 
provides digital, automated fingerprint searches, latent searches, electronic storage of fingerprint 
photo files, and electronic exchange of fingerprints and test results. 

D. How are latent fingerprints collected? 
1. Dusting surfaces with a fine carbon powder can make a fingerprint more visible. Tape can be used 

to ‘lift’ and preserve the fingerprint. 
2. Metal or magnetic powders can also be used to lift fingerprints. 
3. To recover a print from a surface that is not smooth and hard requires the use of different 

chemicals. 
 

VIII. The Future of Fingerprinting 
A. New scanning technology and digital systems of identifying patterns have helped to increase the processing time 

and clarity of fingerprints. 
B. Technologies currently being developed use other physical features to identify people, including eyes, facial 

patterns, and the pattern of veins on the back of the hand or creases on the palm. 

  
7.  DNA Profiling 
 
Scenario:  DNA Fingerprinting and Family Relationships 
 

I. Introduction 
A. DNA profiling is an important tool for the forensic investigator because no two people (except identical 

twins) have the exact same DNA. 
B.  DNA has been used since the 1980s to investigate crimes, establish paternity, and identify victims of war 

or large scale disasters. 
 

II. History of Biological Evidence in Forensics 
A. There are many kinds of biological evidence such as: blood, saliva, urine, semen, and hair. 
B. Most technologies for analyzing biological evidence used in forensics were originally developed for 

medical diagnostic or treatment purposes. 
 

III. The Function and Structure of DNA 
A. DNA is the “blueprint of life.” It is the genetic material of an organism. 
B. The way in which DNA is structured holds important instructions for how cells should build proteins.  
C. DNA is a nucleic acid, a polymer of nucleotides, each made up of a sugar, phosphate group, and a 

nitrogenous 
D. DNA tends to form as a double-stranded molecule called a double helix. 
E. The DNA in a single human cell is grouped into 23 pairs of chromosomes. Each chromosome pair 

contains short segments of DNA called genes. 
 

IV. DNA Identification 
A. DNA in human cells can be coding, which means it holds instructions for the cell, or non-coding, which 

means these segments do not seem to have a function. 
B. The non-coding DNA are repeated base sequences. 
C. These repeated base sequences vary in length from one person to the next. 
D. In 1984, Dr. Alec Jeffreys developed a technique for isolating and analyzing differences in DNA called 

DNA fingerprinting. 
1. VNTR 

a. DNA fingerprinting can be done in several ways. One way is to analyze VNTR 
(variable numbers of tandem repeats).  

2. STR 
a. • Another way to complete a DNA fingerprint is to examine STRs (short tandem repeats. 
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b. • This is the preferred method for forensic scientists since it accurate and only a small amount of 
DNA is needed. 

V. DNA Profile 
• DNA fingerprinting is also known as DNA profiling. 

A. There are two primary uses for a DNA profile: to match tissue and to complete an inheritance match. 
B. In a tissue match, the profile of the collected DNA must completely match the DNA profile of the 

suspected source. 
C. In an inheritance match, the profile of the collected DNA will have some parts that match the DNA profile 

of one parent and some parts that match the DNA profile of the other parent.  
 

VI. Population Genetics and DNA Databases 
A. Population genetics is the study of the forms of a gene present in a certain population and the 

percentages in which the forms are present.  
 

VII. Sources of DNA  
A. Most biological evidence that contains cells may be a source of DNA. 
B. This evidence, known as individual evidence, can be linked to only one person.  
C. Even small amounts of DNA can be analyzed because of a process called PCR, which makes thousands 

of copies of segments of DNA that investigators want to analyze. 
 

VIII. Collection and Preservation of DNA Evidence 
A. Because DNA is found in all cellular material and cells are very small, contamination is an important issue 

to address when collecting and preserving DNA evidence.  
B. Forensic scientists have detailed instructions for handling biological evidence that might contain DNA. 

 
IX. Preparing DNA Samples for Fingerprinting 

A. To be analyzed, DNA must be cut into small segments. 
B. Special enzymes, a kind of protein, cut DNA in specific location. 

 
X. Steps of DNA Fingerprinting 

A. After the DNA is cut into small segments, the pieces are analyzed using a process called gel 
electrophoresis. 

B. The steps involved in DNA fingerprinting are: extraction of the DNA, cutting the DNA into restriction 
fragments, amplifying or making many copies of those fragments, electrophoresis. 
 Extraction 
 Restriction fragments 
 Amplification 
 Electrophoresis 
 

XI. DNA and Probes 
A. Once gel electrophoresis has been performed, the DNA segments will have been separated according to 

their sizes. 
B. Because each person’s DNA is unique, the way in which the DNA segments separate will be unique, too. 
C. DNA can be marked with fluorescent chemicals bonded to the DNA double helix fragments.  

 
XII. Probes 

A. Probes are molecules that can bind only to certain segments of DNA.  
B. Probes are used when a great deal of DNA is extracted. 
C. The greater the number of probes used, the greater the accuracy of the analysis. 

 
XIII. Analysis of DNA Fingerprints 

A. DNA fingerprints look like a striped column. In order for DNA fingerprints to match, the columns must 
have bands in the exact same places with the exact same widths. 
 

XIV. Applications 
A. Each state keeps DNA profiles of individuals who have been convicted of certain kinds of crime such as 

rape, murder, and child abuse. 
B. The military maintains DNA profiles of all service men and women. 
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8.  Blood and Blood Spatter 
 
Scenario: Blood Paints a Picture 
 

I. Introduction 
A. Blood can be used in two ways as evidence during an investigation: to extract DNA for analysis or as 

physical evidence when blood spatter is studied. 
 

II. Blood History 
A. Blood has been studied for thousands of years. 

 
III. Composition of Blood 

A. Blood is a tissue that circulates around through the body. 
B. There are 3 kinds of cells which make up blood: red blood cells, white blood cells, and platelets. These 

cells are suspended in plasma. 
1. Blood Cells 

a. Red blood cells (erythrocytes) carry oxygen and carbon dioxide. Red blood cells have 
hemoglobin, but no nucleus and no nuclear DNA. 

b. White blood cells (leukocytes) are immune system cells. They fight disease and produce 
antibodies. They are the only blood cells that contain DNA. 

c. Platelets (thrombocytes) assist in clotting when a blood vessel is damaged. They also repair 
damaged blood vessels. 

2. History of DNA Profiling 
a. Dr. Alec Jeffreys used white blood cells for the first DNA profile. 
b. The Innocence Project helps free inmates falsely convicted of crimes by using DNA evidence. 

3.    Blood Typing 
a. This is a less expensive way to analyze blood evidence than DNA analysis. 
b. Blood typing is a form of class evidence because it can only identify a group of individuals. 

 4. Discovery of Blood Types 
a. In 1900 Karl Landsteiner discovered that there was more than one type of blood. 
b. Blood types are determined by proteins embedded within the cell membrane of red blood cells. 

 5. A and B Proteins 
a. • Two proteins, embedded in the cell membranes of red blood cells, are called A and B. 
b. • A person may have A proteins, B proteins, both A and B proteins, or neither A nor B proteins on 

their red blood cells. 
 6. Rh Factor 

a. Another blood protein is called Rh factor.  
b. It is estimated that 85% of the human population has the Rh factor protein. 

 7. Naming of Blood Types 
a. The name of the blood type depends upon the blood proteins present on the red blood cells. 

Examples of blood types are: A Rh+, AB Rh-. 
 8. Antibodies 

a. B lymphocytes (a specialized kind of white blood cells) secrete antibodies. 
b. Each antibody has a shape which is specific to one kind of antigen (foreign molecule, cell, or 

virus). 
 9. Antigen-Antibody Response 

a. There are two kinds of response by the immune system to foreign bodies. 
b. In one response, phagocytes (a kind of blood cell) engulf invaders. 
c. In the other response, B leukocytes peoduce specific antibodies against the invaders. 

 10. Agglutination 
a. There are 300 known blood group proteins. 
b. There are 1,000,000 known kinds of protein binding sites in each red blood cell. 
c. Antibodies can attach to more than one cell because they are Y-shaped. 
d. If there is an immune response to a blood transfusion, then agglutination will occur because of 

the double binding action of antibodies. 
e. When agglutination occurs, blood ceases to flow and death can result. 
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 11. Blood Typing Tests 
a. There are three separate tests for blood typing: one for the A protein, one for the B protein, and 

one for Rh factor. 
 12. Additional Blood Proteins and Probability 

a. Two other common blood proteins are M and N proteins. 
13. Probability and Blood Types 

a. You can calculate the probability (chance) of one person having a particular blood type. 
 

IV. Blood Spatter 
A. Blood spatter is a group of blood stains found in a crime scene. 
B. The pattern of blood spatter can be used to reconstruct a crime. 

1. History of Blood Spatter Analysis 
a. Blood spatter has been used in investigative cases since 1894. 

2. Blood Spatter Analysis 
a. You can tell four things from blood spatter: the direction in which the blood was traveling, the 

angle of impact between the blood and the wall or surface, the point of origin of the blood, 
and the blood’s velocity at the time of impact with the wall or surface. 

b. There are six different kinds of blood spatter. 
3. Examination of Directionality of Blood 

a. The shape of an individual drop of blood can provide important clues in an investigation. 
b. Different forces act on the blood as it falls: gravity, cohesion, adhesion, and surface tension. 

4. Lines of Convergence 
a. The location from which the blood originated can be determined if there are at least two blood 

spatters. 
 

V. Crime Scene Investigation of Blood 
A. Even after washing a room of visible blood, some blood evidence remains. 
B. A compound called Luminol will cause hemoglobin to fluoresce under black light. 
C. There are four steps in investigating blood left at a crime scene: confirm that the stain is blood, confirm 

that the blood is human blood, determine the blood type, and perform a DNA analysis if necessary and if 
DNA can be isolated from the sample. 

 

 

9.  Drug Identification and Toxicology 
 
Scenario:  An Accidental Overdose 
 

I. Introduction 
A. definition and function of toxicology 
B. methods of exposure to toxins in humans 
C. factors involved in drug toxicity 
D. functions of forensic toxicology 

 
II. A Brief History of Drug Identification and Toxicology 

A. poisoning since 399 BC 
B. the beginnings of forensic toxicology 

1. Murder by Poison 
a. poisoning deaths throughout history 
b. commonly used poisons today 
c. acute poisoning and chronic poisoning 
d. Accidental Drug Overdoses 
e. drug deaths of modern entertainers 

2. Drugs and Crime 
a. illegal drugs: drugs with no currently accepted medical use in the United States 
b. controlled substances: legal drugs whose sale, possession, and use are restricted because of the 

mind-altering effect of the drugs and the potential for abuse 
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c. drug abuse violations: drug offenders make up more than half of the federal prison system 
population 

3. Controlled Substances 
a. hallucinogens: often derived from plants and affect the user’s perceptions,thinking, self-

awareness, and emotions 
b. narcotics: act to reduce pain by suppressing the central nervous system’s ability to relay pain 

messages to the brain 
c. stimulants: increase feelings of well-being, energy, and alertness while suppressing appetite 
d. anabolic steroids: promote cell and tissue growth and division 
e. depressants: relieve anxiety and produce sleep 

4. Other Organic Toxins  
a. poisonous substances produced by living organisms: usually proteins that can be absorbed by 

another living creature and interfere with that organism’s metabolism 
5. Alcohols 

a. all alcohols are toxic to the body: damage to the liver; altered, dangerous behavior; depression of 
the central nervous system 

6. Bacterial Toxins 
a. botulism toxin: the most poisonous biological substance known to man; paralyzes muscles, caused by 

Clostridium botulinum 
b. Clostridium tetani produces tetanus, a potentially deadly nervous system disease 

7. Heavy Metals and Pesticides 
a. pesticides are toxic and can cause severe illness and death 
b. metal compounds such as arsenic, lead, and mercury are very poisonous Bioterrorism 

Agents 
c. ricin: lethal in humans in very small quantities; enters the cells of the body and prevents 

them from making necessary proteins, causing cell death 
d. anthrax: caused by a bacterium that forms spores that can enter the body by inhalation, 

gastrointestinal, cutaneous infection ingestion, or skin absorption. 

 
 

10. Handwriting Analysis, Forgery, and Counterfeiting 

 
I.  Scenario: Master Forgers 

 Frank Abagnale forged bank notes, documents, and more in a criminal career that took him around the 
globe. The reformed forger is now a consultant to banks and financial institutions. 

 
II. Vocabulary 
 
III. Introduction to document analysis and purpose 

A. Examples of questioned documents - any signature, handwriting, typewriting, or other written mark whose 
source or authenticity is in dispute or uncertain. 

B. Document experts in the field of forensics - a specially trained person who scientifically analyzes handwriting 
in a document. 

C. History 

 
IV. Handwriting characteristics and traits 
 A. Twelve characteristics of handwriting 
  1. letter form 

• shape of letters 
• curve of letters 
• the angle or slant of letters 
• the proportional size of letters 
• the use and appearance of connecting lines between letters. 

  2. line form  
• the smoothness of letters  
• the darkness of the lines on the upward compared to the downward stroke 

  3. formatting 
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• the spacing between letters 
• the spacing between words and lines 
• the placement of words on a line  
• the margins a writer leaves empty on a page 

 B. Analyzing a handwriting sample 
  1. exemplar - a known sample 
  2. steps for handwriting analysis  
  
V. Technology available for handwriting analysis 
 A. Biometric signature pads 
 B. Computerized analysis of handwriting 
 C. F.I.S.H. - Forensic Information System for Handwriting 
 
VI. Forgery verses fraudulence 
 A. Check forgery and prevention 
 B. Literary forgery 
 
VII. Counterfeiting  
 A. Currency 
 B. Detection 
 
VIII. Handwriting evidence  
 A. In the courtroom 
 B. Shortcomings 

 
11. Death: Meaning, Manner, Mechanism, Cause and Time   
 
Scenario: Mysterious Death at the Fair describes the results of a contamination by E. coli. 
 

I. Introduction 
A. Sometimes it is difficult to tell if someone is alive or dead. 
B. Experts cannot agree on a single definition for death. 
C. Death is a process rather than an instant event. 

 
II. The Manner of Death 

A. There are four ways a person can die: natural death, accidental death, suicidal death and homicidal death 
(another conclusion may need to be added as well: undetermined). 
 

III. Cause and Mechanism of Death 
A. The reason someone dies is called the cause of death. 
B. Disease, physical injury, stroke, heart attack can all cause death. 
C. 'Proximate cause of death' refers to an underlying cause of death, as opposed to the final cause. 
D. Mechanism of death describes the specific change in the body that brought about the cessation of life. 

 
IV. Time of Death 

A. During an autopsy, the forensic examiner wants to determine when the person died. 
B.  There are many factors used to approximate the time of death. 

1. Livor Mortis 
a. Livor mortis means, roughly, death color. 
b. Purplish color is visible on parts of the skin wherever the blood pools.This pooling of blood is 

known as lividity 
c. Lividity can help determine the time of death, the position of the body during the first eight hours 

after death, and if the body has been moved.  
2. Rigor Mortis 

a. Rigor mortis means, roughly, death stiffness, which is temporary and can help determine the time of 
death. 
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b. Rigor mortis starts within two hours after death and remains 48 hours after death. 
c. The stiffness occurs because the skeletal muscles are unable to relax and instead remain 

contracted and hard. 
d. Many factors affect when rigor mortis sets in and how long it lasts. These factors include ambient 

temperature, a person's weight, type of clothing, illness, level of physical activity shortly before 
death, and sun exposure. 

3. Algor Mortis  
a. Algor mortis means, roughly, death heat and describes the temperature loss in a corpse. 
b. To take a corpse’s temperature, forensic investigators insert a thermometer into the liver.   
c. How fast a corpse loses heat has been measured and investigators can determine roughtly how 

long ago death occurred by its temperature. 
4. Stomach and Intestinal Contents 
a. In general, it takes 4–6 hours for the stomach to empty its contents into the small intestine and 

another 12 hours for the food to leave the small intestine. It takes approximately 24 hours from the 
time a meal is eaten until all undigested food is released from the large intestines. 

5. Changes of the eye following death 
a. Following death, the surface of the eye dries out. 

 6. Stages of Decomposition 
a. A corpse decomposes in predictable ways over time. This fact can help determine when death 

occurred. 
b. The speed of decomposition depends on the age, size of the body and the nature of death. 
c. Environmental factors, such as temperature, affect the rate of decomposition. 

7. Insects 
a.   Forensic entomologists gather information from insects to help determine the time of death. 
b. Within minutes of a death, certain insects arrive to lay their eggs on the warm body, attracted by the 

smell of the first stages of decomposition. 
c. As a corpse progresses through the stages of decomposition, other kinds of insects will arrive. 
d. Scientists have collected information on stages of development at given temperatures for all types 

insects known to feed on corpses.  This allows forensic entomologists to determine time of death 
based on insect evidence gathered at a crime scene.. 

e. Because life cycles are affected by fluctuations in the daily environmental conditions, insects cannot 
provide an exact time of death, only a close estimate. 

f. Forensic entomologists can do more than just estimate the time of death with the presence of insects. 
If insects from another region are found on a corpse, it suggests that the corpse may have been 
moved and provide important evidence to determine a primary crime scene.  

 
12. Soil Examination 
 
Scenario:  When Soil is not ‘Just’ Dirt 

I. Introduction 
A. Soil is produced by a complicated process that is influenced by factors such as temperature, rainfall, and the 

chemicals and minerals present in the material from which it forms. 
B. Because of all the factors that affect soil formation, soil from different locations can have different physical and 

chemical characteristics that are useful to forensic scientists. 
 

II. History of Forensic Soil Examination 
A. Dr. Hans Gross is believed to be one of the first forensic scientists to apply science to crime investigation.  
B. George Popp was the first forensic scientists to use soil evidence to solve a crime. 

 
III. Soil Composition 

A. Soil contains minerals, decaying organisms, water, and air, all in varying amounts. 
B. Soil texture describes the size of the mineral particles that make up soil. There are three main soil grain sizes: 

sand, silt and clay. 
C. There are three subcategories of soil: loam, peat and chalk. 

1. Soil Profiles 
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a. Soils form in horizons, or layers, and each horizon has characteristic properties that differ from 
horizon to horizon. 

2. Chemistry of the Soil 
a. The materials that make up a type of soil determine that soil’s chemical properties. 

   3.    Soil pH 
a. An important chemical property of soil is whether it is acidic or basic (alkaline).  
b. Chemists use a special scale, called the pH scale, to indicate how acidic or basic a substance is. 

 
IV. Sand 

A. Sand is formed by weathering, the action of wind and water on rocks. As wind and water move rocks around, 
the rocks collide with other rocks and these collisions break the rock into smaller and smaller pieces until 
small grains, called sand, remain. 

B. If a sand grain contains only one mineral, it is considered a crystal.  
C. If a sand grain contains two or more minerals, it is called a fragment. 
1. Rounding 

a. Sand grains are classified as young, or immature, and old, or mature. 
2. Mineral Composition of Sand 

a. Sand from different locations contains different combinations of minerals. 
b. The most common mineral found in sand is quartz. 
c. There are four basic sources of sand: continental, volcanic, skeletal and precipitate. 

3. Continental Sand 
a. Continental sand is composed mostly of quartz, micas, feldspars, and dark-colored minerals like 

hornblende or magnetite. 
4. Volcanic Sand 

a. Volcanic sand is usually dark in color due to the presence of black basalt or green olivine and its 
primary source is from mid-ocean volcanoes. 

5. Skeletal (Biogenic) Sand 
a. This type of sand is made from the remains of marine organisms, such as  microorganisms, shells, and 

coral.  
b. It is younger than other types of sand.  
c. Skeletal sand originates in water and occurs all over the world. 

6. Precipitate Sand 
a. Water contains dissolved minerals and when the water evaporates, these minerals precipitate, or come 

out of the water solution, and form crystals. 
b. Calcium carbonate will sometimes precipitate out of seawater, forming a coat of hard particles that 

resemble the layers of an onion.  
c. These layers eventually form small, round structures called oolites. Oolite formation is not an example of 

weathering, but rather of deposition. 
 

V. Soil Collection 
a. At a crime scene, investigators must follow certain procedures for collecting, labeling, and packaging soil 

evidence. 
b. Collect all samples as soon as possible. 
c. Collect surface baseline samples and samples that appear different. 
d. Collect at least four tablespoons of material from several locations. 
e. Make a sketch of the crime scene. 
f. Package items that have soil attached to them instead of trying to remove the soil. 
g. Carefully remove soil from vehicles and package the soil samples separately. 
h.  Document all samples by taking photographs. 
i. Collect additional soil samples from the four compass points within a few feet of the crime scene. 

 
VI. Soil Examination 

a. Soil recovered from a crime scene, from a victim, or from a suspect, can be analyzed to determine if the 
suspect was at a particular location. 

b. The presence of soil unique to a certain area can show that a suspect or victim must have been in that 
area. 

c. Scientists compare the size, shape, and color of soil by looking at samples macroscopically for soil type, 
amount of plant and animal material, and particle size. 
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13. Forensic Anthropology: What We Learn From Bones 
 
Scenario: Burn Barrel Evidence Links Suspect to Murder 
 

I. Introduction 
A. Chapter 13 will examine how someone’s identity, sex, height, race and background can be revealed through 

analysis of their bones.   
B. Studying bones may also reveal what happened to a person before or after death and may help investigators 

reconstruct crimes. 
 

II. Historical Development 
A. In the 1800's, scientists began using skull measurements to differentiate between individuals. The differences 

between male and female anatomy, the formation of bones, aging and fusing of bones were also examined, 
laying the framework for today’s knowledge. 

B. In 1932, the Smithsonian Institute and the FBI teamed up to open the first crime lab. 
C. “Guide to the Identification of Human Skeletal Material” written by William Krogman was published in 1939. 
D. Anthropologic techniques were used to help identify remains of soldiers fallen in WWII. 

 
III. Characteristics of Bone 

A. Bones are composed of living cells embedded in minerals. The living cells require oxygen and use energy 
and can carry on all the other life activities of cells.  

B. Marrow is found inside our bones and this tissue is what makes blood. 
 

IV.   Development of Bone 
A. Bones originate from living cells called osteoblasts. 
B. The process of ossification or hardening of bones is facilitated by osteoblasts. 
C. Throughout our lives, bone is broken down, reshaped and repaired. 
D. When osteoblasts migrate into cartilage to deposit minerals for ossification, they become trapped and are 

then called osteocytes. These cells form new bone frameworks. 
E. As bones grow, they need to be reshaped.  
F. Osteoclasts dissolve the bone and release calcium into the blood. They help maintain homeostasis, and 

remove cellular wastes and debris from the bones. 
1. Number of Bones 

a. An adult has 206 bones after all bones have become fully developed but a baby has 450 
bones. 

2. How Bones Connect 
a. A joint is the location where bones meet (articulate).  
b. Joints contain basically three kinds of connective tissue: cartilage, ligaments, and tendons. 

3. Aging of Bone 
a. Children build bone at a faster rate than it is broken down. As a result, bones increase in size.  

At 30 years of age the process begins to reverse. 
b. The number of bones and their condition can tell an investigator about a person’s age, level 

of physical activity and overall state of nutrition, and whether they had enough calcium in their 
food.  
 

V.   What Bones Can Tell Us 
A. The term osteobiography literally translates as the story of a life told by the bones. 
B. Bones contain a record of the physical life. 
C. How to Distinguish Males from Females 

D. The overall appearance of the female’s skeleton tends to be much smoother and less knobby, and smaller 
than that of a male’s skeleton. 
1. Skull 

Generally, the male skull is larger and has more prominent features than the female skull. 
2. Pelvis 

One of the easiest methods of determining the sex of a skeleton is by examining the pelvis. Because of 
the anatomical differences needed for child bearing, this region of the body exhibits many differences.   
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3. Thigh Bones 
The angle of the femur or thigh bone in relation to the pelvis is greater in females, and straighter in males. 
 

VI. How to Distinguish Age 

 The age of a person can be determined by examining particular bones and by looking for the presence or 
absence of cartilage. 

A.  Suture Marks 
1. Suture marks with a zigzag appearance are found on the skull where bones meet and ossify. 
2. There are three main areas of suture marks, marking three main  areas, the lamboidal, sagittal and 

coronal, where skull bones meet and grow together. 
B. Cartilaginous Lines 

1. As the cartilage is slowly replaced with hard, compact bone, a cartilaginous line called an epiphysis 
appears. As bones complete ossification this line disappears as cartilage is replaced by bone.  

C.  Long Bones 
When the head of a long bone, like the thigh or upper arm bone (femur and humerus respectively) has totally 
fused to its shaft it is another indication or age.   
 

VII.  How to Distinguish Height 
A. Measuring bones like the humerus or femur can help determine the approximate height of an individual.   
B. The mathematic formula derived from skeletal analysis between bone length and estimated height varies 

depending on the race and the bone used. 
 

 VIII.   How to Distinguish Race 
A. Race is probably best indicated by the bones of the skull and femur. 

 
IX.    Facial Reconstruction 

A. The exact size and shape of bones not only vary from person to person, but are also related to the overall 
shape and size of the muscles and tissues that lay on top of bones.   

B. Theoretically, it should be possible to rebuild a face from the skeleton up. 
 

X.   Bones and DNA Evidence 
A. Mention how computer analysis for facial reconstruction has replaced the use of clay and pins on the 

surface of the skull. 
B. Mitochondral DNA is better preserved than nuclear DNA of bones. Mitochondria are organelles found in 

all cells that contain DNA only inherited only from the mother. 
C. Mitochondrial DNA can be extracted from bone, profiled and then compared with living relatives on the 

mother’s side of the family to determine the identity of skeletal remains. 
 

VI.   Skeletal Trauma Analysis 
A. Weathering and animals often damage bones exposed to the elements for long periods of time.   
B. Skeletal trauma analysis attempts to make distinctions between the patterns caused by weapons and the 

damage and wear caused by the environment after death to decipher what happened to a body prior to, 
and after, death. 

 
14. Glass Evidence 
 
Scenario: If You Break It 
 

I. Introduction 

 Glass evidence found at crime scenes can come in many forms, such as car windshields, windows with blood 
or fibers attached, or minute particles of glass found on a suspect's clothes.   
 

II. The History of Glass 
A. When certain kinds of rock are exposed to high temperature, glass forms naturally in the environment. 
B. Man has used and made glass for centuries, beginning with prehistoric man’s use of obsidian, to glass 

making in Italy, to the Industrial Revolution bringing mass production of many different kinds of glass to 
the populace. 
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III. What is Glass? 

A. Glass is a hard, amorphous material made by melting sand, lime, also called calcium oxide (CaO) and 
sodium oxide (Na2O) at very high temperatures. 

B. Silicon dioxide (SiO2), also called silica, is the primary ingredient in glass. 
 

IV.  Types of Glass 
A. The most common type of glass, soda-lime glass, is inexpensive, easy to melt and shape, and 

reasonably strong. 
B. Fine glassware and decorative art glass, called crystal or leaded glass, substitutes calcium oxide with 

lead oxide (PbO). 
C. Ovenware and laboratory glassware contain compounds that improve the ability of the glass to withstand 

a wide range of temperatures needed for cooling or heating glassware in a kitchen or lab. 
D. Different colors of glass are produced by adding certain metal oxides to the glass mixture. 

 
V.  Properties of Glass 

A. Altering the compounds used to make glass changes the composition and produces different types of 
glass.   

B. Because glass is made of a variety of compounds, it is possible to distinguish one type of glass from 
another by examining the different physical properties, such as density, refractive index, and shatter 
patterns, and chemical properties. 

1. Density 
a. Each type of glass has a density specific to that glass. 
b. Density (D) is calculated by dividing the mass (m) of a substance by its volume (V). 

2. Calculating the Density of a Piece of Glass 
a. The mass of a piece of glass (in grams) can be found using a balance.  
b. In order to determine the volume (in milliliters) of water displace by a piece of glass, fill a 

beaker completely with water, so that adding a single drop will cause spillage. Carefully place 
a piece of the glass into the beaker, collect the overflow and measure the water in the 
graduated cylinder.   

c. Divide the mass (g) by the volume displaced (mL) to find density. 
3.    Refractive Index 

a. Refraction, or bending of light, is the change in the direction of light as it speeds up or slows 
down when moving from one medium into another. 

b. The refractive index is a tool used to study how light bends as it passes through one 
substance and into another. 

      4.   Snell's Law 
a. Snell’s law describes the behavior of light as it travels from one medium into a different 

medium. Snell’s law can be written as: 
1. n1 (sine angle 1) = n2 (sine angle 2) 

Using a scientific calculator to solve for the measure of angle 2 
b. To find the sine of an angle on most scientific calculators, enter the angle measure, then 

press the [sine] key.  
c. Next find the measure of angle 2. On most scientific calculators, enter 0.4712, then press the 

SHIFT key or the 2nd function key, then press the [sin–1] key. 
Using a sine table to solve for the measure of angle 2 

d. It is possible to calculate the measure of an angle using a sine table (see Appendix) if a 
scientific calculator is not available. 

Using a scientific calculator to solve for the measure of angle 2 
e. To find the sine of an angle on most scientific calculators, enter the angle measure, then 

press the [sine] key. 
Using a sine table to solve for the measure of angle 2 
 

VI.   Application of Refractive Index to Forensics 
A. One method of determining if the evidence glass matches the glass from the crime scene is to compare 

the refractive index of the evidence glass to the refractive index of the glass from the crime scene. 
B. If evidence glass obtained from the clothing or shoes of a suspect is too small to easily measure the 

refractive index the submersion method can be used. 
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C. The submersion method involves placing the glass fragment into different liquids of known refractive 
indexes. 

1. Becke Lines 
a. Another technique involves submerging a fragment of a glass in a liquid and viewing it 

under a microscope. If the refractive index (n) of the liquid medium is different than the 
refractive index of the piece of glass, a halo-like ring appears around the edge of the 
glass.  

b. The halo-like effect is called a Becke line. It appears because the refracted light becomes 
concentrated around the edges of the glass fragment.   

c. Estimating the Refractive Index of Glass Using a Microscope and Becke Lines 
d. The refractive index of glass collected as evidence can be compared to the refractive 

index of glass collected at the crime scene. 
       2.   Thickness of Glass 

a. Not all glass is the same thickness and this provides another clue for identifying glass. 
b. By determining the thickness, refractive index, and density of the glass collected, glass 

fragments can be matched. 
3.    Fracture Patterns in Broken Glass 

a. Glass is an amorphous solid; therefore glass will break into fragments, not into regular 
pieces with straight lines at the edges.   

b. The fracture patterns formed on broken glass can provide clues about the direction and 
rate of impact. 

c. Primary radial fractures and concentric fractures can both occur when glass breaks.  
i. Radial and Concentric Fractures  

 When an object, such as a bullet or rock, hits glass, the glass stretches. 
On the side where the impact takes place, the glass surface is 
compressed, or squeezed together. The opposite side of the glass (the 
side away from the impact) stretches and is under tension. Glass is 
weaker under tension than under compression. 

    ii. Bullet Fractures 

 As a bullet passes through glass, it pushes some glass ahead of it, 
causing a cone-shaped piece of glass to exit along with the bullet. This 
produces a cone of glass which makes the exit hole larger than the 
entrance hole of the bullet. 

   iii.  Path of a Bullet Passing Through Window Glass 

 The angle at which a bullet enters a piece of window glass can help 
locate the position of the shooter.   

 Ammunition type may be determined from the size and characteristics of 
the bullet hole. 

   iv. Bulletproof Glass 

 Bulletproof glass is a combination of two or more types of glass, one 
hard and one soft. 

   v. Tempered Glass 

 Safety glass, also known as tempered glass, used in windshields is 
composed of two layers of glass bonded together with a layer of plastic 
in the middle. 

   vi. Backscatter 

 Backscatter, glass fragments projected backwards instead of forward, is 
a form of trace evidence that may link a suspect to the crime scene. 

   vii. Heat Fractures 

 During a fire, glass may break as a result of heat fracturing and these 
fractures are different than those caused by breakage. 

 Other Scratch Patterns 

 Patterns or scratches, caused by wipers on a windshield or dirt caught in 
the rubber insulation of a car window, may also be found on evidence 
glass. 

  
4.   Handling of Crime Scene Glass Samples 
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a. When collecting glass evidence, it is important to follow the correct evidence collection procedures to 
avoid loss or contamination of any evidence samples. 

5.   Cleaning and Preparing the Glass Fragments 
a. After documenting and examining them, glass fragments should be cleaned. Any surface debris, such 

as grease, soil particles, etc., which might serve as additional evidence should be noted and collected 
before cleaning. 

             

15. Casts and Impressions 
 
 
Scenario: The Man in the Bruno Magli Shoes 
 

I. Introduction 
A. Often there are no witnesses to a crime. 
B. Marks and imprints of footwear, feet, teeth, and tires help investigators reconstruct what happened at a 

crime scene and provide valuable evidence. 
1. Types of Impressions 

a. There are three kinds of impressions: patent, latent, and plastic impressions. 
b. Patent impressions are visible, two-dimensional impressions. 
c. Latent impressions are hidden to the eye but can be visualized through the use of special 

techniques. 
d. Plastic impressions are three-dimensional imprints. 

2. Individual or Class Evidence? 
a. Impression evidence can be either class or individual evidence. 
b. Dental impressions have been used to identify individuals for many years. 

 
II. Shoe Impressions 

A. A shoe impression can help an investigator determine the foot size, possible height and weight of a 
person. 

B. Shoe impressions may also provide clues about personality traits or occupation. 
1. Shoe Wear Patterns 

a. While many people may wear the same shoes, each person wears down his or her shoes differently. 
b. Shoe wear patterns are useful for providing clues about a person. 
c. Gait and Tracks 
d. Limps or injuries create an uneven gait. 
e. Different gaits are also caused when a person is carrying a heavy weight. 

2. Collection of Shoe Impression Evidence 
a. Photographing Impressions 
b. Lifting Latent Impressions 

 Electrostatic Dusting and Lifting 

 Gel Lifting 
c. Casting Plastic Impressions 

3. Foot Length and Shoe Size 
a. Generally considered class evidence because it does not provide specific details like a fingerprint does. 

 
III. Tire Treads and Impressions 

A. Tire evidence can link a suspect to a crime. 
B. Tire evidence can also help an investigator reconstruct the events of a crime. 

1. The Anatomy of a Tire 
a. Tires have ridges and grooves for traction and safety. 
b. Tire treads tend to vary from manufacturer to manufacturer. 

2. Recording Tread Impressions 
a. Tread patterns are symmetrical. 
b. When recording details about a tire impression, unique characteristics are carefully noted and 

photographed. 
3. Identifying a Vehicle 

a. Tire impressions can be used to identify the make and model of a vehicle. 
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4. Turning Diameter 
a. Tire impressions can also be used to identify the turning diameter of a car. 

5. Establishing Car Movements from Tire Marks 
a. A vehicle’s direction of travel can be determined by studying tire marks and other characteristics of a 

crime scene. 
6. Accident Reconstruction 

a. Tire marks can also help determine what happened at the scene of an accident. 
b. There are three basic kinds of tire marks: skid marks, yaw marks, and tire scrubs. 

 
IV. Dental Impressions 

A. Bite marks can be used as individual evidence. 
1. Structure of Teeth 

a. Teeth are composed of enamel and dentin. 
b. The Development of Teeth 
c. The first teeth a human has are primary teeth. These 20 teeth are replaced by 32 permanent teeth. 
d. Since permanent teeth develop at different rates, teeth can be used to determine a rough estimate of 

a person’s age. 
2. Dental Patterns in Forensics 
a. Teeth can be used to identify human remains. 
b. Teeth marks can also be used to link a suspect with a crime. 
c. In some cases, DNA may be found in saliva left around a bite mark. 

 
16. Tool Marks 
 
Scenario:  Tool Marks Link a Chain of Robberies 
 

I. Introduction 
A. Tool marks are an example of physical evidence left at a crime scene. 
B. Tool marks are a kind of impression. 

 
II. Tools and Crime Scenes 

A. Tools simplify everyday life. 
B. Tools can also be used to commit crimes. 

III. Tool Mark Impressions 
A. Tools leave distinctive marks when used. 
B. There are three kinds of tool marks. 

1. Indentation Marks 
a. Marks or indentations made by a tool when it is pressed against a softer surface. 

2. Abrasion Marks 
a. Marks made when surfaces slide across one another. 
b. Abrasion and indentation marks can be made at the same time. 

3.  Cutting Marks 
a. Marks produced along the edge as a surface is cut. 

  
IV. Tool Surface Characteristics 

A. Tools gain individual characteristics during the manufacturing process as well as during use. 
B. Oxidation or rusting also makes one tool distinguishable from the next. 

1. Tool Mark Examination 
a. Just like with other impressions, tool marks are carefully photographed and observed 

before any casts are made. 
2.  Documenting the Evidence 

a. Tool marks are photographed with a ruler in the image. 

 Photographing Tools 

 Photographing Tool Marks 
3.    Casting Impressions 

a. When there is no tool left at the scene of the crime, a cast can be made of marks left 
behind from the tool. 
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4. Collecting and Preserving a Sample 
a. Tools found at the scene of a crime are carefully transported in cases made of a material 

softer than the tool being transported. 
 

V.   Analyzing Tool Mark Evidence 
A. Tools and tool marks may be examined both macroscopically and microscopically.  

1. New Technology in Tool Mark Identification 
a. The Department of Energy Ame’s Laboratory in Iowa State University develops new tools for forensic 

analysis, including tools which are useful for tool mark analysis. 
2.    Tool Mark Evidence in the Courtroom 

a. Tool mark evidence is commonly submitted as evidence in court cases. 

 

17. Ballistics 
 

Scenario:  The Washington D.C. Sniper Killings 

I. Introduction 

A. Define ballistics 

II. History of Gunpowder and Firearms 

A. First firing system 

III. Long Guns and Handguns 

A. Rifles 
B. Semi and fully automatic 
C. Revolvers  

 
IV. Firearms and Rifling 

A. Fingerprint similarities 
B. Spiral effect 

 
V. Bullets, Cartridges, and Calibers 

A. Components of the cartridge 
B. How a firearm works 
C. Caliber of the cartridge 

 
VI. The Study of Bullets and Cartridge Casings 

A. Marks on spent cartridge casings 
B. Firing pin markings 
C. Breechblock 
D. Headstamp markings 
E. Parts left as evidence: casing and bullets 

 
VII. Gunshot Residues 

A. Defines GSR 

VIII. Firearms Databases 

IX. Trajectory 
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A. Calculating trajectory 
B. Gravity and trajectory 
C. Determining the location of a shooter 

 
X. Bullet Wounds 

A. Firing pin markings 
B. Breechblock 
C. Headstamp markings 
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CS Advanced Science  
Pupil Evaluation Methods 

 
 
 

1.  ExamView© generated tests 

2. Homework 

3. Lab work and reports 

4. Quizzes 

5. Project based investigations and reports 

6. Written assignments 

 


