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ZOOMING INTO 
FORENSIC SCIENCE

Crime Rate and Number of Forensic Scientists Per State

History of Forensics Famous Forensic Scientists

Forensic science has a rich past and has expanded into a 
variety of scientific fields today.  
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Following the assassination of Julius 
Caesar, it was determined that of the 23 
stabbing wounds, only one was fatal. 

44 BC

Carl Wilhelm Scheele, a 
Swedish chemist, 
discovered one of the first 
methods for detecting 
arsenic in corpses. 

Jeffreys discovered the DNA fingerprint 
in 1984. He detected three fingerprints 
on an x-ray and realized the differences 
in genetic material could distinguish 
between the three individuals. 1776

San Francisco becomes 
the first city to use 
systemic photography 
in Crime Scene 
Investigation.

1854

Chicago is the first city 
to adopt the Bertillon 
system. This involves 
measuring physical 
features and bone 
dimensions.

1888

The now commonly used method, the 
Galton-Henry system, of fingerprint 
classification is introduced.

1901

The FBI inaugurates its crime laboratory, 
now one of the foremost in the world.

1932

British geneticist Sir Alec Jeffreys 
developes the first DNA fingerprinting 
and profiling techniques.

1984

Footwear Intelligence 
Technology is launched 
by Britian’s Forensic 
Science Service to 
identify footprint marks. 

2007

Sir Alec Jeffreys

Lee is a very famous forensic scientist. 
He has helped on over 6,000 major law 
investigations. He has notably assisted 
in the assassination of President John 
F. Kennedy, the O.J. Simpson trial, the 
murder of JonBenet Ramsey and the 
kidnapping of Elizabeth Smart. 

Dr. Henry Lee

Bell was the inspiration for Sherlock 
Holmes. “Sherlock Holmes” was 
authored by Arthur Conan Doyle, one of 
Bell’s students. The only difference was 
Bell primarily diagnosed disabilities and 
diseases but sometimes aided the 
police as a forensic doctor. 

Joseph Bell
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TRACE EVIDENCE

CRIME SCENE FIREARMS

State: 2,360,000 cases

County: 822,000 cases

Municipal: 654,000 cases

Federal: 284,000 cases

While forensic cases are 
handled in all judiciaries of 
the United States 
government, labs in the 
state division are 
most common.

Publicly Funded Labs 

Of the four judiciaries, 
each lab does certain 
types of the forensic 
science. Not all labs in all 
judiciaries work on the 
same forensics. The 
graphs to the right show 
where these certain types 
of processes take place. 
The judiciary size gets 
smaller as you move closer 
into the circle.

 What is Done Where?

Crime rates and Forensic Scientists vary 
state to state. Here’s a look at where the 
states overlap, statistically speaking, on 
the amount of crime and scientists.
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Studies bodies of those found dead. 

Top Three Careers

Crime Scene Investigator
Salary: Starts at $30,000 and varies
Analyzes crime scenes and conducts 

lab work.

Forensics Engineer
Average Salary: $100,000+

Work to understand technical 
malfunctions in a fatality.
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Medulla Cortex

Cuticle

medulla
cortex

Animal hair can be distinguished from human 
hair by using the Medullary Index (MI). The MI is 
the width of the medulla divided by the cortex.

Animal or Human?

.62

0.1

.1

 The process of 
detecting 

gunshot residue

1
10

Determine Ethnicity

Cortex diameter: moderate
with minimum variation

Cortex diameter: moderate 
to fine with variation

Cortex diameter: coarse 
and fine with no variation

Black

Caucasion

Mongloid

A compound microscope uses polarized 
light to show the internal structures of 
material. The cortex diameters and cross 
sectional shapes help identify ethnicity.

These two factors can be identfied 
using the polarizing microsope to 
determine the ethnicity of the hair.

Polarizing Microscope

WoodGraphite

Paint

The anatomy of a hair is
similar to a No. 2 pencil.

 Root Shape
Eraser

Two matching compound microscopes 
joined with an optical bridge allows 
specimens to be compared simultaneously.

Comparison Microscope

As the aerosol rapidly cools 
upon air exposure, these 
droplets are quenched into 
solid particles that deposit 
on nearby surfaces, such as 
the shooter’s hands. 

A particle composed of 
Pb-Ba-Sb is a potential 

confirmation of GSR. 

Molten droplets of liquids are 
dispersed randomly in the 

expanding gasses, resulting from 
the explosion of the gunpowder.

Gases then escape 
through breaches 
in the weapon from 
places such as the 
barrel, cylinder gap, 
and ejection port. 

While in this chaotic 
aerosol the droplets can 
mix into new liquids that 

can contain binary 
elemental composition. 

+ =

207.2
Barium

Hair
Basic Anatomy 

High temperatures turn 
solids into liquids to 
begin the reaction.

82

Pb Ba
5682

Lead Barium
Sb

51

Gathering Samples

Hair Shape and Cortex Diameter

Antimony

.7
Medulla 
Indices

Newly Cut
Split
Singed 

barrelejection 
port

cylinder
gap

GSR

GSR Examination

right hand left hand

A GSR examiner samples both hands 
so the results can be tested in a lab.

TRACE EVIDENCE
Criminals often leave clues at crime scenes 
that can be uncovered using trace evidence.  

Even the trained naked 
eye can see essential 
details vital to identifying 
the location of the dirt.

By shining infrared rays through samples, 
a spectrographic signature is revealed, 
which can determine its makeup.

A common belief in trace evidence is 
that whenever two objects come into 
contact, there is always a transfer of 
material. Edmond Locard is the 
French scientist who first employed 
this theory when analyzing soil. He 
was inspired by Sir Arthur Conan 
Doyle’s character Sherlock Holmes.

The computer-based 
microscope allows for 
the observation of 
microparticles.

A dried sample 
is put through 
sieves with 
increasingly 
finer holes 
which separates 
particles 
by size.

Traditional
Examination

Entomologists

Stereo Microscope

Paint

Sieve

First-round 
microscopy confirms 
naked-eye analysis 
and determines 
percent organic and 
inorganic material.

Second-round 
microscopy 
determines the 
kinds of materials 
in the soil sample.

Tweezers, tape, 
and vaccuums are  
collection methods

Polarizing Microscope

Window Prying

Automotive Collisions

Forensic Botanical Chemical

Scanning Electron Microscope (SEM)

Eggs or
Larvae

radiation sample output

Plants or
Pollen

Organic or
Inorganic

Examples of
Paint Transfer

Infrared
Spectrophotometry

Weave Type

Plain Satin

2/2 Twill 3/3 Twill

Locard’s Exchange Principle

Fixative

Pigment

Primer

Fiber
Every garment, cloth,
and fabric is different

Threads Fiber

Examining 
soil types
ascertain 
previous 
locations

Soil
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BALLISTICS
Ballistics is used to match a bullet to a gun. This involves examining the bullet for marks that may match 
it to the gun. Police have been using ballistics to match guns to crimes for more than 150 years. There 
are three types of ballistics: internal, external and terminal. Internal ballistics is the bullet leaving the 
gun, external ballistics is its travel, and terminal ballistics is when it makes an impact. 

Rifling
Rifling marks are 
part of internal 
ballistics. The rifling 
on the inside of the 
barrel leaves marks 
called striations on 
the bullet as it exits. 
These striations can 
be used to match 
the bullet to the type 
of gun fired. 

Firing Pin
The firing pin leaves a 
mark on the bullet when it 
strikes the primer and can 
be used to identify the gun. 

Tools
Measurements of the 
entry and exit wounds help 
identify the bullet to match 
it to the correct gun.  

Handguns 
Handguns include semiautomatics and revolvers. Their 
small size makes them easy to conceal. Most shootings 
involving handguns occur in less than seven yards 
because handguns are harder to aim. 

.22 LR.25 auto.380 auto9 mm.38 special .357 SIG.357 
Magnum

.40 S&W10 mm.44 
Magnum

.45 autoColt .45

Bullet weight
    = 5 grains 

NIBIN identifies possible 
hit and microscopic 

comparison confirms hit

Fired ammunition 
components are recovered 

from a shooting scene

Information is imaged 
into the NIBIN 

system network

Firearm recovered from a 
suspect and test-fired

NIBIN partner notifies 
law enforcement 
agencies of hit

SHERIFF

Muzzle Velocity and Energy
Muzzle velocity is the speed of the projectile as it leaves the 
muzzle of the gun. Muzzle energy is the bullet’s kinetic 
energy as it leaves the muzzle of the gun. They can be used 
to approximate the damage potential of a certain gun.

Velocity (muzzle) 
in feet per second

Energy (muzzle) 
in feet per pounds

.22 LR.25
 auto

.380 
auto

9 mm.38 
special

.357
 SIG

.357 
Magnum

.40
 S&W

10 mm.44 
Magnum

.45
 auto

Colt
 .45

0

500

1000

1500

Groove

Land

Front sight

Hammer

Rear sight

Trigger

Grip

Trigger guardMagazine

Barrel

Penetration tells the 
investigator how deep the 
bullet went into the target. 
Handgun bullets do not 
penetrate as deeply as rifle 
bullets. The damage from 
penetration creates a 
permanent cavity, temporary 
cavity, and sometimes 
fragmentation. A permanent 

cavity is created by the bullet 
hole. A temporary cavity is 
created when the tissue 
around the bullet path 
stretches due to the transfer 
of energy. Cavities tell 
investigators the distance 
at which the gun was fired, 
the type of gun, and the 
angle from which it was 

fired. Penetration causes 
fragmentation to occur. 
This is when the bullet 
splinters into the tissue. 
Fragmentation can cause 
collateral bleeding, but it 
can aid in identifying the 
bullet markings.

Penetration

NIBIN Hit Process
The National Integrated 

Ballistic Information 
Network process is an 
interstate automated 
imaging program that 
evaluates ballistics. 
Police can use the 
system to search 

against evidence from 
across the country. 

1000

500

0

Entry wounds are classified 
by range. The first range, 
contact, is when the gun is 
shot directly against the skin.  
The next range is near 
contact. In the case of 
handguns this is when a shot 
is fired less than one 

centimeter from the skin. 
The intermediate range is 
defined by powder tattooing 
called stippling around the 
entry wound. The last range, 
distant, is any distance 
where stippling is not 
present on the skin.

Entry Wound

Height

Width

The study of guns, ammo and bullets in flight 

Common Handgun Ammunition
Investigators must identify the type of bullet before they can match it to 
the correct firearm. These are some of the more common bullets (to size). The 
weight is used to determine the energy, which is important for external ballistics. 

Cartridge
Bullet

Firing pin

Permanent cavity

Temporary cavity

Fragmentation
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Looking inside the mind of a criminal 

 

A Definition of Profiling

The job of a profiler is to estimate the psychological and sociological 
characteristics of a criminal in order to help the investigators shorten the 
suspect’s list. Profiling relies on the premise that an individual’s personality and 
mannerisms guide their everyday behaviors, including their criminal actions.

History of Profiling

1888 - One of the first cases of 
profiling was in search of Jack the 
Ripper. Dr. Thomas Bond, a physician 
and a police surgeon, examined the 
bodies and deduced that the killer 
was most likely a quiet, eccentric, 
neatly dressed middle-aged man.

1956 - During the 1950s, movie 
theaters in New York were hit by a 
series of bombings. Dr. James 
Brussel, a psychiatrist, figured out the 
psychological profile of the “Mad 
Bomber” and offered it to the 
detectives, who caught the culprit 
two months later. Profiling is born.

1972 - The Behavioral Science Unit is 
established at the FBI 
headquarters in Virginia. This marked 
the beginning of profiling as a 
science. 

1985 - The FBI began the Violent 
Criminal Apprehension Program, a 
massive database of unsolved 
crimes that can help investigators 
establish links between crimes. 

Methods of Profiling
Pioneered by FBI Special Agent John Douglas, modern traditional offender 
profiling consists of six main steps. 

A term commonly associated with criminal profiling is MODUS 
OPERANDI, which refers to specific techniques used by a criminal to 
commit their crimes. They may change over time, making them difficult 
to use in a profile. But serial killers engage in ritualistic behaviors, and 
those contribute to the cross-crime linkage by profilers and to 
identification of the offenders by the authorities. 

BODY EVIDENCE
The process of identifying a criminal  

 

3

The process of FOOTPRINT castingHow to lift a FINGERPRINT

Fingerprint evidence resides on two basic principles: first, the 
assumption that a person’s fingerprints remain the same 
throughout the course of their life, and second, that no two 
people have the same fingerprints. Fingerprint identification is 
the process of comparing two unique patterns of friction ridge 
impressions to determine whether or not the prints are from the 
same person. The fingerprints are left when a person’s hands or 
fingers come into contact with a surface and leave behind a 
residue.

Fingerprint Evidence

Once the perimeters of a crime scene are secure, investigators 
will begin to work inwards, keeping a close eye out for impres-
sions and reconstructing the events that led to the crime commit-
ted. It is during this stage that they will try to determine important 
factors of the crime, such as the direction a person was traveling 
in or the number of persons present at the scene. Once these 
factors are determined, photographs are taken of the impres-
sions and a cast of the impression is made in order to collect 
further trace evidence.

2

1

4

5

1
The brush is loaded with 
aluminium powder. 
Excess powder is 
removed. 

Casting material is mixed in a 
plastic bag. Lumps or dry 

patches should not surface 
when the mix is poured. 

The mix is poured onto the 
impression, allowing for a 
few inch radius to ensure a 
complete impression. 

Starting from the top 
and brushing down, 

latent prints become 
apparent. 

Excess powder is removed 
from around the 
fingerprints to expose 
detail of ridges. 

A piece of adhesive 
tape is then placed 

over the entire 
impression. 

Tape is then lifted and 
placed onto clear vinyl. 
The fingerprint is now 
ready to be sent off for 
identification with a 
finerprinting database. 
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2

5

1

4

Footwear impressions 
must be photographed 
before the beginning of 

the casting process. 

The impression is first sprayed 
with a hardening coat to ensure 
that it is not altered during the 
process. 

The casting must set for 30 
minutes before being 
removed. It should be 

carefully lifted and placed into 
a box to be rinsed and further 

investigated. 

Footprint Evidence

Input
Acquisition and organization of 
crime scene evidence. 

1

Decision Process
Categorization of evidence, which 
are analyzed for predictive 
characteristics. 

2

Crime Assessment
Reconstruction of the crime to 
uncover offender motivations in 
committing the crime. 

3

Profile Formation
Consolidation of the information 
and formation of a criminal profile. 

4

Investigation
Profile is forwarded to crime 
investigators and used as an aid to 
further the investigation. 

5

Apprehension
Profiler routinely checks for 
consistency against newfound 
evidence, especially if the offender 
is caught and admits guilt. 

6

Child abuse can cause 
pathological changes in the 
structure of the brain. Studies 
show that if a child is severely 
neglected, his/her cortex will 
be underdeveloped, making it 
20% smaller. Sections involved 
in attachment, fear or ability to 
recognize facial expressions 
can be challenged.

The role of abuse

1. Hormones 
Abuse activates the brain’s stress response system, 
and prolonged activation can lead to deterioration of 
the body. Some criminals have different levels of 
brain chemicals like serotonin (controls aggression) 
and dopamine (reward system).

4. Frontal Lobe
The frontal lobes are located at the 
frontmost region of the cerebral 
cortex. They are involved in 
regulating motor, problem solving, 
and planning processes. Studies 
show that some criminals have 
damaged frontal lobes, which 
affect their ability to process extreme 
emotions.

2. Amygdala
The amygdala is located deep within the 
temporal lobe of the brain. It is responsible for 
memory storage and processing emotions. In 
some criminals  the amygdala can be up to 
18% smaller than the average human.

3. Hemispheres
The relationship between the left 
hemisphere of the brain (logic) and the 
right (creativity) can be the basis for 
polarization and can lead to impulsive 
behaviros if one can’t think through the 
consequences of their 
actions rationally.  

1

2

3

4
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Looking inside the mind of a criminal 
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BODY EVIDENCE
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DNA profiling is used by forensic scientists to identify 
individuals based on their unique DNA sequence

Gary Ridgway, a painter, 
was not found guilty until 
his retrial in 2001.

Ridgway was charged 
with killing 48 women.

Semen samples left on 
the victims matched the 
saliva samples taken 
from Ridgway.

Gary Ridgway, a serial killer 
in the 1980s and 1990s, 
was convicted with the use 
of DNA evidence.

For more 
information about 

DNA evidence used 
in court cases, 
check out the 

motion graphic, 
“Forensics: A Closer 

Look.”

DNA evidence has been used 
in various fields for decades. 
Advances in the study of DNA 
has revolutionized forensics. Since 2000, the CODIS system 

has grown to include more than 
400,000 forensic profiles and 
aid in more than 174,000 
investigations.

Major milestones

The suspect

The victims

The evidence

The LAPD 
establishes the 
first police 
department crime 
lab in the U.S.

DNA evidence by the numbers

Green River Killer

James Watson 
and Francis Crick 
discover the 
double helix 
structure of DNA.

1923

The first FBI crime 
lab is built. Only 
one employee is 
employed full-time.

1932

1953

DNA profiling is 
introduced in the 
U.S. criminal court 
case, Tommy 
Andrews case.

1987

The establishment 
of the Combined 
DNA Index System 
(CODIS) streamlines 
DNA data.

1994

Advances in DNA 
analysis shortens 
profiling time to 
1-2 days.

2001

DNA evidence 
exonorates more 
than 300 people 
post-conviction.

2014

DNA PROFILING

Number of investigations aided by DNA evidence in CODIS

Growth of the FBI’s Combined DNA Index System (CODIS)

< 1,600

1,601- 3,200

3,201- 4,800

4,801- 6,400
> 6,400

Offender hits*
*When a forensic profile links to a convicted offender.

Investigations 
aided

731

14,316

67,745

153,215

Forensic profiles
‘00 ‘12‘08‘04

21,625

93,956

248,943

436,937

1,573

21,266

81,955

174,680

Number of investigations 
that used DNA evidence

1996

49%

68.2%

74.5%

2001

2007

Time Lapse

Results from DNA 
tests can take 

weeks to process

Teams work 
several cases 

simuntaneously

Results can be 
inconclusive due 
to contamination

Teamwork

The reality of forensic science is not always how 
it appears on screen

Reliability

DNA Testing On and Off the Screen

1 32

The “CSI effect” occurs when the public’s 
perception of forensics is based off of 
crime dramas.

The “CSI Effect”

‘00 ‘12‘08‘04 ‘00 ‘12‘08‘04

Looking Forward

Forensics testing finds evidence that may be useful in
apprending the suspect

Testing for Blood

1

Lightly rub a cotton 
swab moistened with
water onto the dried 
blood sample. 

2

Add a few drops of 70% 
ethanol to the swab to 
increase the sensitivity 
of the sample.

3

A colorless to pale 
yellow Kastle-Meyer 
solution is added to the 
swab.

4

A few drops of hydrogen 
peroxide is added to the 
sample. The swab 
should turn pink.

Testing for Saliva

1

A small piece of 
material suspected to 
contain saliva is placed 
into a test tube.

2

A milliliter of water and 
a quarter of the 
Phadebas tablet is 
added to the test tube.

Testing for Semen

1

A small piece of 
material suspected to 
contain semen is place 
onto the filter paper.

3

A drop of naphthanil 
diazo blue B stain is 
added to the sample 
material.

2

1-2 drops of sodium 
a-naphthyl phosphate is 
added to the sample.

4

The appearance of a 
purple (red with blue) 
stain is indicative of a 
positive result.

3

The test tube is 
centrifuged and a 
milliliter of sodium 
hydroxide is added.

4

The sample is 
centrifuged for 5 
minutes and a blue 
color should develop.

A growing number of scientists 
believe that DNA sequencing will 
soon replace the current method of 
forensics based on fragment length 
analysis. With the emergence of the 
Next Generation Sequencing (NGS) 
technologies, the potential of 
forensically useful data can be 
analyzed quickly and cost-efficiently.

Short tandem repeat (STR) 
typing stores short, unique 
sequences of DNA from 
individuals. It is used as an 
alternative to storing 
millions of DNA sequences 
in databases. 

#1 #2 #3
DNA Profiling Universal Databases

10 years down the road, there 
will be strong pressures put on 
Congress to create a universal 
DNA database. Iceland has 
already begun recording the 
DNA profiles of all its newborns, 
hoping to create a uniform 
DNA database.

The Kastle-Meyer test uses the 
chemical indicator phenolphthalein to 
detect for the prescence of hemoglobin.

The Phadebas Amylase test uses synthetic 
biochemical substrates to detect for alpha
amylase enzymes.

The Acid Phosphatase test identifies the 
presence of semen by staining their heads
red and their tails blue green.

Suspect 
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