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Preface
This is the book that I started to write thirty years ago. Now
retired after forty years as a deputy sheriff, private investigator and
executive on the security staff of a Fortune 100 company, always with a
camera close at hand, I have the time to write the book that I wanted to
write way back when.
There are plenty of books on police photography. However, most
of them were written either before digital or at a time when digital
cameras were underpowered and prohibitively expensive. While this
book glosses over some of the more technical aspects of police
photography, it covers a multitude of practical details that aren't
mentioned in the traditional books.
My early mentors were Captain Grant Ilseng of the Harris County
Sheriff's Department, Bennett Cook of the Burns Detective Agency,
Axel Hansen of the Southern Pacific Railroad legal department and
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Chapter 1.1
Introduction
Practical police photography occupies a useful niche between the kind
of photos that anyone might take with a simple snapshot camera and the
more sophisticated photographs taken by scientists in a well-equipped
forensic laboratory. Practitioners include:
Forensic science and criminal justice students.
Crime scene investigators required to take photographs as part of
the overall crime scene processing protocol.
Police officers who want to take their own photos for one reason
or another, whether or not a formal requirement.
Accident investigators, arson investigators, medical investigators,
forensic pathologists, forensic nurses, forensic scientists, evidence
technicians, game wardens and private investigators.
In short, anyone who needs photographs to document an investigation and support courtroom testimony.
There might not be much difference between photos of a simple daylight scene taken by an amateur with a smartphone and the same scene
photographed by an expert with a $10,000 camera.
Factor in the difficult lighting conditions common to outdoor crime
scenes at night with the need for closeup photographs of fingerprints and
trace evidence, throw in a requirement for the kind of large display prints
that might be required for courtroom presentation, and the smartphone
camera might be found wanting while the $10,000 camera is probably
overkill.

1

Practical Police Photography can be used as:
A self-paced learning source for individuals outside the classroom.
A textbook for students in an instructor-lead class.
A competent instructor or an experienced mentor can provide
much-needed advice and feedback but many successful photographers are entirely self-taught.
Practical Police Photography was written for DSLR camera users.
Smartphones and point and shoot cameras are so simple and so limited in
what they can do that a reading of the user guide should be sufficient.
When a smartphone or a point and shoot clearly won't do, you need a
DSLR and a healthy dose of technical aptitude.
A Dirty Little Secret
It's impossible to develop useful photographic skills if you don't have
access to a camera similar to the cameras used by advanced crime scene
investigators, a computer running photo-editing software and the inclination to practice advanced techniques on your own time under operational
conditions. You won't learn much taking pictures with an autoeverything smartphone or a point and shoot.
Admissibility
As a general rule, photographs are admissible if a credible witness
can testify that they accurately depict the scene as it appeared when the
photographs were taken but the devil is in the details. You need to understand the rules governing admissibility in your jurisdiction.
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Why Photography?
Photographs can capture details that were overlooked when the
scene was originally processed.
Photographs allow detectives, prosecutors, jurors and forensic experts to see the scene as it appeared to first responders.
Some types of evidence are best presented photographically.
Photographs are widely used as training aids and to document
events ranging from riots to award ceremonies.
Photographs are valuable in child abuse and domestic violence
cases. By the time the case goes to trial, the victim's injuries will
have healed and victims have been known to recant their original
statements for reasons that defy explanation.
Hayden Baldwin, a heavy hitter in forensic circles, summed it up even
more succinctly. We take photographs to show others what we have seen.
Don’t Laugh
This photo, purporting to be the
long-abandoned Park County sheriff’s
office in Hartsel, Colorado, is somebody’s idea of a joke. The real Park
County sheriff's office occupies a modern facility in the town of Fairplay.
If your idea of law enforcement is
based on what you see in New York,
Chicago or Los Angeles, remember that you can drive one hundred miles
between gas stations in some parts of the country without seeing so much
as a starving buzzard.
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Important Documents
Read and save the manuals and software that came with your camera,
your flash and your computer. If the camera came to you without a manual, you can download a copy from the manufacturer's web site. An Internet
search should turn up scanned copies of manuals long out of print.
Recommended Reading
The International Association for Identification (IAI) has stringent
standards for certifying police photographers, crime scene investigators,
fingerprint examiners and other forensic professionals. Their web site lists
the books on which their certification tests are based.
IAI Police Photography Certification
Photography – 9th Edition by London, Stone and Upton
Police Photography – 5th Edition by Miller
IAI Crime Scene Investigator Certification
Crime Scene Photography – Robinson and Witzke
Practical Crime Scene Processing and Investigation - Gardner
Criminalistics: An Introduction To Forensic Science - Saferstein
Crime Scene Investigation - Fish, Miller and Braswell
To this list I would add:
Crime Scene Investigation - NFSTC (Download the Free PDF)
Advanced Crime Scene Photography 2nd Edition - Duncan
Crime Scene and Evidence Photography 2nd Edition - Staggs
Henry Lee's Crime Scene Handbook - Lee
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An Introduction to Crime Scene Investigation - Dutelle
Kirk's Fire Investigations 7th Edition - DeHaan
NFPA 921, Guide for Fire and Explosion Investigations
Traffic Collision Reconstruction 2nd Edition - Fricke
Practical Shooting Scene Investigation - Garrison
Vehicular Accident Investigation and Reconstruction - Van Kirk
The Internet
The Internet is a valuable resource, starting with the web sites devoted to professional associations such as:
International Association For Identification
International Crime Scene Investigators Association
Law Enforcement Video Association
International Homicide Investigator’s Association
International Association of Arson Investigators
National Association of Medical Examiners
International Association of Blood Pattern Analysts
Association for Crime Scene Reconstruction
International Assoc. of Reconstruction Specialists
Accreditation Commission for Traffic Accident Reconstruction
For product reviews of general interest check out:
http://www.dpreview.com
http://www.imaging-resource.com
Reality Check
I'd rather be a good investigator than a good photographer. Detective
Manuel Fuentes of the Austin Police Department reports that intruders
forced their way into a home where they bound and gagged the residents.
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The victims reported that a shot was fired but the initial reports made no
mention of injuries or a recovered bullet.
Detective Fuentes visited the scene and found bullet fragments lodged
beneath a near-invisible hole in the carpet. One of the intruders shot himself in the foot. DNA adhering to the bullet fragments lead to the apprehension of two perpetrators. Apparently, it did not occur to the folks who
processed the original scene that, when a shot is fired, the bullet has to go
somewhere.
Requisite Skills
Police officers and students contemplating a career in law enforcement need to understand the legal issues associated with photographic
evidence and have a solid understanding of what needs to be photographed
at any scene they're likely to encounter.
If you anticipate photographing outdoor crime and accident scenes at
night in bad weather to the satisfaction of demanding supervisors and prosecutors, you're going to have to master the advanced skills associated with
digital single lens reflex cameras, heavy duty tripods, external flash units,
forensic lighting and so forth, ad infinitum.
The skills required of an advanced digital photographer are no different from those of a film photographer in the days of yore. The basics haven't changed much since the Leica 1 was introduced in 1925.
Purchasing On Line
If you can't find what you want locally, order on line. Make sure that
you are purchasing items covered by the manufacturer's US warranty.
Some dealers sell gray market merchandise without a US warranty.
http://www.adorama.com - new and used
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http://www.bandh.com - new and used
http://www.keh.com - used
http://www.lensrentals.com - rental and used
http://www.amazon.com - discontinued models closeout prices
I routinely buy used, factory reconditioned and closeout models as
long as they are adequate for the intended purpose.
Reality Check
Some years ago, Hayden Baldwin, Illinois State Police Retired, discovered that the evidence submitted to the state crime lab by local police
agencies was failing to meet the standards required for forensic examination. The problem? There was never any dialogue between criminalists at
the state level and investigators at the local level.
More recently, Hayden reports that thirty-one of his CSI students in a
Central American country are obliged to share eighteen cameras. In one
instance, a CSI shot a homicide at ISO 3200 because a prior user had
cranked up the ISO. This, along with lost or damaged equipment, is a
problem with shared cameras.
Eliot Springer, Deputy Director of the NYPD Crime Lab, speaking at
an IAI seminar in 2014, reports that, "I've been doing it this way for years
and nobody ever said anything," is a common excuse for slipshod work.
Forensic lighting specialist Robert Cheeseman relates that a student
refused to move his camera off the P mode because his supervisor insisted
that P stood for Police. If either the student or the supervisor had read the
manual, they would have known that the P stands for Program.
Forensic pathologist Dr. Patrick Besant-Matthews reports that a student complained that supervisors would not let officers see their camera
manual for fear that the manual would be lost. You would think that any7

one competent to supervise police photographers would know that free
manuals can be downloaded from the Internet. Alas, if only it were so.
A Texas prosecutor tells me that most of the photos submitted by
police agencies in her jurisdiction are worthless because officers are given
a P&S camera without giving them even rudimentary instructions.
Photography above the smartphone and point and shoot level is a
technical endeavor. A smidgen of technical aptitude is essential. Get your
information from a reliable instructor or a mentor who actually knows what
he or she is doing. Study the camera manual. If you're new to DSLR photography, buy one of the many books written by David Busch specific to
the make and model of your camera.
Nikon's D7000 camera manual is 325 pages long with black and
white illustrations. David Busch's Nikon D7000 Guide to Digital SLR
Photography is 534 pages long with excellent color illustrations. I consider
it thirty dollars well spent.
Training
Every college offers courses in photography and Photoshop in their
fine art, commercial photography and journalism departments. These
courses may be more advanced than the courses offered in a forensic science or criminal justice program.
Police departments, regional crime labs, professional associations and
retired crime scene investigators offer the occasional workshop worthy of
your consideration.
Regardless of where you get your training, learn how to download
camera and flash manuals from the manufacturer's web site and how to
reset your camera back to the factory default if you inherited it from a
previous user or are obliged to share it with other users.
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The Fundamentals
Practical Police Photography concentrates on the advanced DSLR
cameras used by professional photographers and photo-journalists because
these are the cameras that you can expect to use if you work your way up to
a CSI slot in a well-funded metropolitan police department, a regional
crime lab, a state agency or one of the federal agencies.
If you understand the fundamentals of DSLR photography, you
should be able to coax a good picture out of any camera.
Skills acquired with a smartphone or a point and shoot will not suffice
if you aspire to work above the first responder level. If you cannot borrow
a DSLR with the required accessories while building a useful skill set, you
may be obliged to purchase a suitable camera.
Modern cameras have certain
things in common including ISO,
Focus, Shutter Speed, and Aperture.
This is true of the Speed Graphic in
production from 1912 to 1973, the
Nikon F circa 1959 and the current
Nikon D5 and the Canon 1DX
Mark II.
The Nikon D5 and the Canon
1DX Mark II are professional cameras with price tags in the $6,000 to
$6,500 range, body only.
Canon and Nikon cameras in
the same price range provide roughly equal reliability and performance.
I've used both Canon and Nikon SLR and DSLR cameras with complete
satisfaction. I used Canon cameras exclusively from 1969 to 1977, Nikon
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and Canon concurrently from 1977 through 1985, and Nikon exclusively
from 1985 to the present day.
Once you invest in a camera system, you're pretty well stuck with it.
I'm still using cameras, lenses and flash units purchased twenty years ago.
Replacing them would be a significant financial burden. Shop wisely.
Benchmarks
Practical Police Photography was written to give police officers and
forensic science students a fairly detailed overview, either as resource for
entry level evidence photographers who favor the self-taught approach or
as a prerequisite for crime scene and accident investigation courses which
assume that students already know something about evidence photography.
While photography courses generally and forensic photography
courses in particular can easily be found by a casual Internet search, you
can do worse than using the following as your benchmarks:
The NFSTC on line course.
The Texas A&M on line course.
Classroom courses offered by forensicpieces.com.
Classroom courses offered by the University of California Riverside.
Classroom and on line courses offered by the University of Arkansas Criminal Justice Institute.

I received much of my formal training from Texas A&M engineering
extension service courses during the Sixties and Seventies.
The CJI and UCR courses are open to police officers and civilian
police employees.
Forensic Pieces courses are geared towards people attempting to
qualify for IAI certification.
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Chapter 1.2
Goals and Requirements
Goals
After studying the text including the embedded Internet links and
successfully completing the practical exercises, a student with a modicum
of aptitude will be able to:
Explain the role of the evidence photographer during the investigation of a felony crime scene, using homicide as an example.
If you have acquired the skills to successfully shoot a homicide
scene, you will also have the skills to successfully shoot robbery,
burglary, assault and accident scenes.
Explain the 3-2-1 backup strategy and describe the key elements of
a non-destructive workflow.
Take properly focused, properly exposed photographs that are adequate for the intended purpose day or night, indoors or out, in
weather fair or foul.
Process and print photographs in accordance with industrystandard practice, making routine adjustments for brightness, contrast and sharpness just as they would be automatically adjusted on
Fuji and Noritsu minilab equipment.
Create slide shows, panoramas and exhibit-quality enlargements
up to 24 x 36 inches.
Photography above the point and shoot level is a technical endeavor.
There is an appreciable learning curve and the equipment is expensive.

11

Without a smidgen of aptitude and access to the right equipment (owned,
rented, borrowed or issued) you might be wasting your time.
Requirements
A good smartphone or point and shoot camera will suffice for routine
daylight scenes and indoor scenes within range of the built-in flash. If your
duties call for working outdoors at night in foul weather and taking examination-quality photos, you will need access to:
An adjustable camera, DSLR preferred, with standard and macro
lenses, an external flash, a diffusion dome, an off-camera cord, a
remote release and a sturdy tripod. If your flash came to you
without a diffusion dome, you can buy one for twenty dollars from
http://www.stofen.com.
A powerful focusing flashlight such as the 1,075 lumen Coast
HP550 that can be adjusted from flood to spot. A focusing flashlight can be used to illuminate closeup subjects and focus on distant targets.
A computer, preferably a desktop with a 24" monitor, at least 8
GB of RAM, a large hard drive and a 64 bit Intel multi-core processor running Windows 7 or later. Students and occasional users can get by with a laptop.
Access to a high speed internet connection and a color printer that
can be used to make full frame prints on 8.5 x 11 paper.
If you need larger prints, use Costco or Adoramapix.
I'm using a Dell desktop running Windows XP purchased in 2009
because it's paid for. Use what you've got as long as it works. However,
much of today's newer and more desirable software requires a 64 bit multicore Intel Pentium processor, a minimum of 8 GB of RAM and Windows 7
or later, preferably the Professional version of Windows designed for users
working in a network environment.
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Chapter 1.3
On-Line Resources
If you find this book and your camera manual confusing, go to
http://www.camerasim.com and http://dofsimulator.net/en. These are interactive training aids.
Shooting with a manual camera and processing your film in a wet
darkroom will take you back to basics. This is a hammer. This is a nail.
Do not hit your thumb. If you hit your thumb, it will hurt.
Digital simplifies things by giving you the ability to check focus and
exposure as soon as you take a picture. On the other hand, digital cameras
are more complicated than film cameras, with more things to remember and
a longer learning curve. The camera manual page count tells the tale:
Nikon FM circa 1978 - 35 pages
Nikon F4 circa 1988 - 110 pages
Nikon D7000 circa 2010 - 327 pages
Nikon D7200 circa 2015 - 416 pages
Nikon D5 circa 2016 - 396 pages
The D5 is a professional camera without the fluff features found on
consumer cameras, hence the shorter manual. Camera manuals don't tell
you everything that you need to know but you can find plenty of free information on the Internet.
The following links can be considered an extension of the text. Why
spend good money on expensive college textbooks when most of the information that you really need is available free of charge on the Internet.
Links in bold print are highly recommended.
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How Light Meters Work - Wayne Fulton
Flash Photo Basics - Wayne Fulton
Understanding Middle Gray - Jim Zuckerman
How Big Can I Print - Thom Hogan
Digital Exposure Techniques - Cambridge In Color
Understanding Histograms Part 1 - Cambridge In Color
Understanding Histograms Part II - Cambridge In Color
Protecting Your Gear In Extreme Cold - Adorama
Photo-Tampering Throughout History - Isitru.Com
Crime Scene Investigation - NFSTC
Evidence Collection Guide - California DOJ
Physical Evidence Handbook - Wisconsin DOJ
Search and Seizure - Interfire.Org
The Exclusionary Rule - Cornell University
Photographs versus Reality - Marc Green PhD
Admissibility of Digital Evidence - Americanbar.org
Digital Imaging Integrity - Adobe.Com
Forensic Photography Equipment List - Steven Staggs
US Department of Justice Equipment List - US DOJ
Demonstrative Evidence - Americanbar.org
Crime Scene Investigation - US Department of Justice
The Fingerprint Sourcebook - US Department of Justice
Shooting Scene Preservation - FBI
Infrared Photography - De Broux, McCaul and Shimamoto
Photographing Laser Trajectories - Ruslander
Demonstrating UV Fluorescence - McMicken
Why versus How - Dean Garrison
Intent Behind the Bullet - Dean Garrison
Reconstructions versus Reenactments - Dean Garrison
Bite Mark Photography - G.S. Golden
Bite Mark Guidelines - American Board Forensic Odontology
Perspective Grid in Crime Scene Photography – Flannigan/Robinson
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Chapter 1.4
Overview
You can read until your eyes bleed but you'll never become a competent photographer until you go out and start taking pictures under operational conditions with the kind of camera that you can expect to use if you
work your way up to a CSI slot at a metropolitan police department, a
regional crime lab or a state agency.
Almost without exception, this means an advanced DSLR with the
lenses and accessories associated therewith. The equipment listed at
http://www.icsia.org is almost identical with the equipment in my D7000
kit pictured in Chapter 3.3 or the equipment listed at http://www.crimescene-investigator.net/fet-ol.html.
The ICSIA certification program is geared towards people currently
employed as crime scene investigators. Steven Stagg's courses are slanted
towards individuals attempting to qualify for a California Crime Scene
Investigator's Certificate. These certification programs go well beyond
what you might find in a basic evidence photography course.
What Is Forensic Photography?
Forensic photography = evidence photography and vice versa.
Forensic – pertaining to matters at issue before a court of law.
Photography – literally painting with light.
Forensic or Evidence Photography – photographs intended to be
used as evidence in a civil or criminal trial.
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Why Take Evidence Photos?
We take evidence photos to show others what we have seen:
Detectives
Supervisors
Prosecutors
Defense Attorneys
Judges
Juries
Photographs are persistent evidence. Once the prosecution and the
defense have presented their conflicting and often confusing evidence, the
jury retires to deliberate.
Photographs available to the jury during their deliberations can clarify
issues by illustrating the scene as it appeared to first responders and documenting evidence such as fingerprints too small to be explained without
visual aids.
Properly archived photographs are invaluable to investigators working a cold case and prosecutors defending an original verdict that has come
up on appeal.
Who Takes Evidence Photos?
Formally trained crime scene investigators are required to process
major crime scenes.
Detectives and first responders with a smartphoone or a pocket
camera can photograph scenes that do not require equipment and
expertise above the point and shoot level.
Laboratory personnel routinely photograph evidence too small or
too perishable to be shown to a jury.
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Civilian investigators routinely take evidence photos intended for
use in both civil and criminal courts.
Today, smartphones and pocket cameras have replaced the Polaroids
and Instamatics in common use before digital relegated film to technology's
Dumpster. Everyone need a smartphone or a good pocket camera to cover
situations that don't warrant dragging out the full DSLR kit.
Reality Check
Photography is only one of the many responsibilities associated with
processing crime and accident scenes. An evidence photographer must
understand and comply with:
The rules of evidence in your jurisdiction.
Your department's policies and procedures.
A photo recorded on your in-camera memory card is of limited use
until it is downloaded to a computer, processed to bring out maximum
detail, delivered to end-users in the required format and archived as required by your state's record retention laws.
Record retention rules in some jurisdictions may require that photos
relating to felony offenses must be retained for fifty years or more.
If your duties include taking photos that will eventually be used in
court, it is incumbent upon you to be familiar with the applicable rules and
regulations to ensure that your photos are admissible. The basics include:
Obtaining a warrant or a release when a warrant or release are legally required.
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Maintaining the chain of evidence from the time the picture is taken until your memory cards are delivered to the designated custodian and the ultimate end-users.
Archiving as-shot camera originals in the event that a cold case
suddenly goes hot or a previously adjudicated case comes up on
appeal decades after the original conviction.
Photography is just one small piece of a much larger puzzle. An
evidence photographer needs to see the entire puzzle.
This requires the training and equipment required to process the entire
scene from start to finish in accordance with your department's policies and
procedures, usually as part of a team in which each member has an assigned role to play.
Only the most mundane and routine cases are typically processed by a
solitary first responder with a smartphone or a point and shoot camera, the
digital equivalent of yesterday's Polaroid.
In departments large and small, procedures are or should be in place
to escalate response to major cases requiring on-site supervision and the
services of a formally trained crime scene investigator driving a truck laden
with equipment.
Crime Scenes Generally
Every department has or should have written procedures governing
the various offenses. Police policies and procedures are unique to each
department. They are rarely made public and are usually somewhat generic. Crime scenes do not fall into any set pattern. If a procedure is worded
as a hard and fast rule, it must be followed whether or not it makes sense in
a given situation.
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A properly trained officer will follow the intent of departmental policies rather than treat them as an iron-clad checklist applicable to all scenes
involving a specific penal code violation.
One metropolitan police department has a policy that echoes what my
former department was doing back in the 1960s. It made sense then. It
makes sense now. We'll use homicide as an example.
When dispatched on a call involving a presumably dead body, a patrol officer will respond. If an ambulance attendant or a representative
from the medical examiner's office pronounces the victim dead and it appears to be a natural or an accidental death, the uniformed officer will work
the scene.
If the death appears to be the least bit suspicious, a sergeant will be
notified and patrol officers will secure the scene, making sure that injured
persons receive medical attention, apprehending suspects found in the area
and rounding up potential witnesses until the sergeant arrives.
The sergeant will take charge of the scene, notify detectives and call
in a crime scene unit as required. If it is an apparent homicide or a complex scene of whatever nature, the officer in charge will supervise processing the scene, including:
Secure the scene, restricting access to authorized personnel.
Secure warrants as required.
Log all persons entering the scene.
A walk-through, following a path that will protect evidence.
Overall, mid-range and closeup photographs without markers.
A systematic search placing markers adjacent to evidence.
Diagram the scene.
Photograph the scene again with scales and markers in place.
Measure and collect fragile evidence.
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Examine, photograph and process the body.
Collect fragile evidence found on or near the body.
Process the remainder of the scene after the body is removed.
Debrief officers and technicians, log and secure all evidence.
Attend the autopsy to take photographs and collect reports.
Departments too small to have full time crime scene investigators and
formally trained homicide detectives on the payroll will routinely call on
state agencies or nearby departments covered by a mutual aid agreement
for assistance.
This protocol or one like it might apply to major crimes and accidents
involving serious injuries, fatalities, a substantial monetary loss or a suspicion of fraud. A five figure loss is probably substantial, depending on who
makes the determination. A potential loss in the six figure range is clearly
substantial by any reasonable standard.
In the smaller agencies, many offenses are investigated by patrol
officers and detectives with limited training and few resources. These
offenses might include burglary, robbery, theft and assault cases involving
limited monetary loss and minor "treat and release" injuries.
Even if a state agency or a nearby department is called in to do the
heavy lifting, local officers may be obliged to process and photograph the
scene with the resources on hand pending arrival of the heavy hitters.
Training and travel budgets are among the first things to take a hit
during economic hard times. However, self-study books and Internet articles are available at little or no cost for officers who want to increase their
professional skills and knowledge.
An evidence photo doesn't have to be a work of art to accomplish the
intended purpose. Consider the following example courtesy Hayden Baldwin of a scene photographed thirty years ago.
20

An officer chased a suspect in the pickup to his residence. The suspect got out of the truck, ran to the front porch and turned around with a
gun in hand . The officer shot first and put the suspect down. This photo
was taken to demonstrate that there was sufficient light for the officer to
see that the suspect was in fact holding a gun.
Note the shadow of a pickup in the lower left corner of the photo. In
addition to the porch and yard lights, a street light provided additional
illumination. This photo served the intended purpose.
Scene photos needs to show enough foreground and background to
reveal the subject in context. Commonly required photos include:
Overall views
Midrange views, also known as medium closeups
Closeups
Exhibit or examination quality photos
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Houston crime scene investigator Christopher Duncan writing in
Advanced Crime Scene Photography describes an examination-quality
photo, sometimes known as exhibit-quality, as any photo that will be compared to real evidence to make an identification. Examination-quality
photos are required for:
Fingerprints
Palm prints
Tool marks
Shoe prints
Tire tracks
Bite marks
Injuries generally
Blood stains and blood spatter
Bullet holes showing the direction from which a shot was fired
Overall views, midrange views and routine closeups intended to establish evidence within the scene are generally shot handheld with the
camera at eye level. Examination-quality photos require:
A DSLR camera twelve megapixels or better
A macro lens
A substantial tripod
A remote release
A carefully positioned scale
Careful lighting to control reflections and bring out detail
The back of the camera perpendicular to the subject
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Chapter 1.5
Ethics
Dishonest photographers have been doctoring photographs for nefarious purposes since the process was invented. Civil war photographers
improved the composition of their photographs by rearranging bodies and
adding somber clouds. When you see a celebrity on the cover of a magazine, you can bet the photo was enhanced in some way. Check out:
http://www.fourandsix.com/photo-tampering-history/
http://www.gregapodaca.com/portfolio/before-apple
http://www.adobe.com/digitalimag/pdfs/phscs2ip_digintegr.pdf
The December 8, 2005 episode of CSI: Crime Scene Investigation
revolved around a photograph "photoshopped" to merge the picture of a
mentally deranged woman into the picture of a neighbor's child. "Photoshopped" is now part of the common lexicon.
As a rule, you can and should adjust brightness, contrast, sharpness
and color balance to bring out all of the available detail. If the question
comes up, this is easily explained by the fact that photographic images
usually have more detail than can be printed without routine adjustment.
The acid test is that each and every photo must be a true and accurate
depiction of the scene as it appeared at the time the picture was taken. The
objective is always to produce a print that accurately depicts what would
have been visible to an observer standing where the photographer stood.
Some jurisdictions require taking two sets of photographs, one documenting the scene as it appeared to the first responders and another after
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scales and markers were added, which might be construed as an alteration
even if the scales and markers serve a legitimate purpose.
The best articles on ethics that I can recall reading are "Bad Science"
by D.H. Garrison of the Grand Rapids Police Department and "Latent
Fingerprint Fabrication" by Pat Wertheim of Forensic Investigation Training Seminars.
http://www.iowaiai.org/bad-science
http://www.iowaiai.org/latent_fingerprint_fabrication
The O.J. Simpson case emphasizes the importance of adherence to
established procedure because everyone involved with the case with the
possible exception of the jailhouse janitor wrote a book. According to
Evidence Dismissed by Detectives Lange and Vennatter, the list of expert
witnesses hired by Simpson's attorneys included:
Dr. Henry Lee of the Connecticut Forensic Science Laboratory
Dr. Michael Baden, Chief Medical Examiner for New York
Dr. Frederic Reiders, forensic toxicologist
Larry Ragle, retired head of the Orange County crime lab
Herbert L. MacDonnell, inventor of the Magna fingerprint brush
and one of the first criminalists to investigate the scientific aspects
of blood pattern analysis.
While indigent defendants are at the mercy of their court-appointed
attorney, a well-heeled defendant smart enough to hire competent counsel
will rip you to shreds if you try to play games in the interest of expediency.
In some cases, the defense will hire expert consultants simply to keep the
prosecution from hiring the same consultants.
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Chapter 1.6
Legal Considerations
Demonstrative versus Substantive Evidence
Demonstrative evidence like photographs, models, charts and visual
aids are presented to help a witness explain what he or she saw at the scene
when the scene was in original, as found, condition.
Substantive evidence is physical evidence collected at the scene and
brought into the courtroom where it can be shown to the jury. A photo can
become substantive evidence when the physical evidence cannot be
brought into the courtroom for one reason or another.
Demonstrative or substantive, the prosecutor must lay a foundation
before photos can be admitted into evidence. Before the photos can be
shown to the jury, the defense has an opportunity to challenge their authenticity, relevance and probative value. The judge must decide whether the
photo is relevant and not unduly prejudicial.
Fair and Accurate
A photograph can be challenged on the grounds that it is not a fair
and accurate representation of the thing that it is supposed to represent. See
http://www.crime-scene-investigator.net/swgit-section17.pdf a list of the
issues that can enter into arguments concerning "fair and accurate."
Adversarial System
A smart attorney never asks a question unless he or she already
knows the answer. The prosecutor is an advocate for the victim, asking
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questions in a manner calculated to convince the jury that the defendant did
the dirty deed and was caught fair and square.
The defense attorney is an advocate for the accused. It's his or her job
to ask questions calculated to create an element of doubt, often by suggesting that the arrest was based on incompetence, stupidity, malfeasance and
chicanery. The defense is entitled to a list of prosecution witnesses and
copies of their reports and photos.
Police officers, crime scene investigators, evidence technicians and
medical personnel are supposed to be impartial witnesses without any
interest in the proceedings beyond relating what they have seen and what
has been related to them by credible individuals with first-hand knowledge.
Horrible miscarriages of justice have occurred when police and prosecutors ignore exculpatory evidence or rely on questionable identifications
for reasons that defy rational explanation.
Prejudicial and Inflammatory
A judge will exclude photos likely to upset jurors. Dr. Patrick Besant-Matthews has hundreds of slides retrieved from morgue garbage cans
so disgusting that they could not possibly be used in court.
My favorite was the head of a murder victim minus the top of his
skull, exposing the brain. The top of the skull was placed haphazardly near
the head. The autopsy table was drenched in blood and littered with bloodsoaked towels, a blood-smeared Stryker saw and assorted surgical implements. Bram Stoker would have loved it.
Irrelevant and Immaterial
Doctor B's catalog of photographic ineptitude included photos of a
gurney near the body of the victim who, being deceased, was not going
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anywhere and was no longer in need of medical attention. The gurney was
not part of the original scene and contributed nothing to the jury's understanding of the circumstances surrounding the victim's death.
Best Evidence
A prosecutor will try to present the best available evidence. In some
cases, this will be eye witness testimony. In other cases, this might be
testimony supported by photos and visual aids. Photos that cannot be admitted because the photographer failed to do his job properly are worthless,
regardless of their technical merit.
Fair and Accurate
A photograph should be a fair and accurate representation of the
scene as it appeared to the person taking the photograph and others who
were present at the time. Well, make that somewhat fair and reasonably
accurate. A photo is a two-dimensional representation of a threedimensional scene.
Separation in Time from Event
If no photos were taken at the time of an event, lawyers may dispatch
photographers to get what they can. Their photos might be a fair and accurate representation at the time the photos were taken, but the original scene
may have looked altogether different.
The light might be different. Objects present at the time of the event
may be long gone. New objects may have taken their place. Old buildings
may have been repaired or demolished. New buildings may have been
erected. Trees in full bloom during the summer months may shed their
leaves during the winter months.
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Investigators who specialize in reconstructing crime and accident
scenes take pains to interview witnesses, study the available reports, collect
old photographs, verify weather conditions, determine the height of the sun
and the phase of the moon, etc.
Nothing to Show
Some photos are taken to show that there is nothing to show. This
might include photos taken when a prisoner is booked into jail to show that
the subject arrived in good condition and photos taken at an accident scene
to show that there were no skid marks.
Cause, Mechanism and Manner of Death
A coroner or medical examiner is responsible for determining the
cause, mechanism and manner of death. These are concepts that might not
be understood by laymen or physicians who do not have the post-doctoral
training required to qualify as a forensic pathologist.
The cause of death is the event or agency that ultimately caused the
deceased to depart from this vale of tears. Heart failure is not a cause of
death. Eventually, we will all die from heart failure brought about from
some other condition that is the proximate cause.
A gunshot wound to the chest might be the cause. The mechanism is
how the bullet brought about the victim's demise. It could be through loss
of blood, damage to internal organs, infection, etc.
The manner of death can be classified as natural, accidental, homicide, suicide or undetermined. A gunshot death might be classified as
undermined until subsequent investigation shows that it was inflicted accidentally or during the course of a homicide or suicide.
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Post Mortem Interval
It's good to know how the deceased came to be deceased. It's just as
important to know when the victim met his end. Obviously, establishing an
approximate time of death will aid in identifying persons who had an opportunity while excluding those who did not.
Less obviously, who predeceased whom can determine who inherits a
substantial sum of money and who ends up selling pencils on a street corner.
Chain of Custody
The chain of custody is a system that accounts for each piece of evidence to include photographs from the time they are taken until they are
presented in court.
This chain is typically maintained by a series of signatures as the
evidence passes from hand to hand until it reaches a designated custodian.
This should be spelled out in standard operating procedures known to every
member of the department and the prosecutor's office.
Standard Operating Procedure (SOP)
Every department needs protocols that cover every aspect of the photographic process from the time a photo is taken until it is delivered to a
custodian for processing and, ultimately, to investigators, prosecutors and
attorneys. The fact that you followed your department's SOP is your first
line of defense if your photos are challenged in court.
A Colorado Springs judge recently declared a mistrial because the
prosecution failed to furnish the defense with certain reports. This ensures
that the prosecution and the defense are playing on a level field.
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Accidental Association
Accidental association describes something that may have found its
way into a crime scene before it became a crime scene. Unfortunately,
there is no way to tell whether something is relevant or irrelevant during
the initial stages of an investigation. Shoot everything.
Warrants, Photography and the Exclusionary Rule
The Fourth Amendment states that "The right of the people to be
secure in their persons, houses, papers, and effects, against unreasonable
searches and seizures, shall not be violated, and no Warrants shall issue,
but upon probable cause, supported by Oath or affirmation, and particularly
describing the place to be searched, and the persons or things to be seized."
Probable cause can be defined as a legally sufficient reason but, as
usual, the devil is in the details which can vary by jurisdiction.
The exclusionary rule keeps everyone honest. In simple terms, evidence collected illegally cannot be used in court and this applies to photographs as well as fingerprints, firearms and the like. If in doubt, get a warrant or a valid consent to search before processing your scene. Click HERE
for case-specific examples from interfire.org.
The Expert Witness
Do not allow yourself to be qualified as an expert unless you possess
genuine expertise based on training and experience and have the fortitude
required to stand up under rigorous cross-examination.
While an individual qualified as an expert witness can offer opinion
testimony, the defense can hire their own experts. If the defendant's pockets are deep enough , the defense can always find someone with impressive
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credentials to offer a contrary opinion, notwithstanding facts that should be
obvious to anyone with an IQ above room temperature.
Persistent Evidence
An article at http://expertpages.com suggests that photographs are
persistent evidence available to jurors from the moment the photos are
admitted into evidence until they reach their verdict.
Oral testimony is likely to go in one ear and out the other if the witness is somewhat less than eloquent. Critical testimony can be drowned in
an ocean of drivel if a trial drags on for weeks.
Record Retention
Every state has record retention laws. Many such laws require that
evidence to include DNA, fingerprints, photographs and trace evidence
collected in connection with major crimes must be preserved for decades.
You need to know the laws applicable to your jurisdiction and the recordretention methods employed by your department.
This article by Jana K. McCown in the Williamson County, Texas,
District Attorney's Office will give you an idea of the issues involved with
cases that have already been adjudicated.
Click HERE for a well-illustrated article by Tim Stelloh that clearly
demonstrates the problems associated with working cold cases. There is no
statute of limitations on homicide. An investigator's ability to solve a cold
case and a prosecutor's ability to successfully bring the culprit to trial depends on your department's ability to find relevant photos and reports many
years, perhaps even decades, after the original offense.
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Chapter 2.1
Understanding Digital
Digital cameras record an image by assigning a numerical value ranging from 0 to 255 to adjacent red, green and blue picture elements known
as pixels. These red, green and blue pixels are combined to create the
colors that we see on our computers and in our digital prints.
How many colors? Sixteen million to be exact: 256 x 256 x 256 =
16,772,216. All of these colors can be described in terms of their red,
green and blue values, usually written as RGB(128,128,128) which happens to be middle gray.
In a conventional wet darkroom, negatives had to be printed on the
appropriate grade of paper for a length of time determined by trial and
error. More often than not, certain areas of the photo had to be given more
or less exposure, a process known as dodging and burning.
The same thing happens on a computer in photo-editing software
except the adjustments are made by manipulating the numerical values
associated with each pixel. Manipulating numbers, after all, is what computers do best. This hocus pocus is invisible to the operator. The results
are visible on the screen as adjustments are being made.
TV cop shows to the contrary, you can’t pull information out of a
digital photograph that wasn’t there to start with. However, properly focused and exposed photos taken with a high quality camera will often reveal details absent in snapshots. Every evidence photographer should be
prepared to submit 20 x 30 inch enlargements on demand, no problem with
today's high resolution DLSR cameras.
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This six megapixel photo was shot with a Nikon D70. The RAM
3500 emblem is clear in a 20 x 30 enlargement because we have enough
pixels to work with. No amount of Photoshop legerdemain can salvage the
Cummins Diesel badge because the pixels just aren't there.
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This sixteen megapixel photo was shot with a Nikon D7000 using the
same 18 - 70 mm lens used on the Nikon D70 to take the photo on the
previous page. The both the Ram 3500 and the Cummins Diesel badges are
clear in a 20 x 30 inch enlargement because we now have a 64% increase in
horizontal resolution in favor of the newer camera.
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Don't get hung up on pixels. Pixel counts give a skewed view of a
camera's potential. Picture quality is determined by the number of horizontal pixels, not the total number of pixels.
Many professionals are still earning a good living with 12 MP Nikon
D3 and D700 cameras introduced in 2007. Today, IMHO, the least expensive Nikon camera suitable for advanced photographers is the 24 MB Nikon D7200 introduced in 2015.
Does the 24 MP D7200 have twice the resolution of the 12 MP D3?
No, it does not. The D3 has a 2,832 x 4,256 pixel sensor. The D7200 has a
4,000 x 6,000 pixel sensor. Thus, we need to compare not the total number
of pixels but the number of horizontal pixels.
6,000 - 4,256 = 1,744
1,744 / 4,256 = .4098, or a 41% increase in horizontal resolution
Reality Check: Nikon currently makes a 36 MP camera. Canon
currently makes a 50 MP camera. However, Nikon's full frame D5 and
their APS-C D5000 flagship professional cameras have 20 megapixel sensors. Ditto Canon's full frame 1DX Mk II and their APS-C 7D Mk II flagship professional cameras.
Both Canon and Nikon consider 20 MP sufficient for professional
news, sport, wildlife and event photographers. By using 20 MP sensors,
they can give their users extremely fast continuous shooting frame rates
and the highest possible low light sensitivity, which is what you want in a
camera designed for news, sport, wildlife and event photography.
There is more to digital image quality that the pixel count. Nikon
uses Sony sensors but Nikon cameras generally deliver better overall performance than Sony cameras using the same sensor because Nikon has
been in the camera business longer than Sony. Nikon's auto-focus and
auto-exposure systems are perhaps more sophisticated.
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This photo of the Royal Gorge Railroad maintenance siding and an
abandoned brick plant in Cañon City, Colorado, was taken with a 16 MP
Nikon D7000 with an 18 - 105 mm lens. Note the red box.

This crop from a 20 x 30 inch enlargement clearly shows the engine
number of the locomotive and the framework atop a storage tank in the
background. For my purposes, 16 MP is more than sufficient.
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Top, this photo of was taken at the Colorado Railroad Museum using
a Nikon D7000 with an 18 - 105 mm lens. Bottom, a crop from a 24 x 36
inch enlargement. You can still read the writing on the rail cars in the
background. You'll rarely need a print larger than 24 x 36 inches.
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Chapter 2.2
Processing and Archival Storage
In small departments, officers might process their own photos. In
large departments, an officer might turn in used memory cards in a sealed
evidence envelope for processing by civilian technicians.
A good lab can make a fair photographer look good and a good photographer look great. A lab staffed by inept operators and/or handicapped
by inferior equipment will defeat your best efforts to produce high quality
prints. If you are not processing your own photos, get acquainted with the
people in your lab. You need to understand what they can and cannot do.
If your department has an in-house lab, the steps required to preserve
the chain of evidence will be baked into your SOP. Since the rules differ
from agency to agency, you must be conversant with the procedures established by your department.
Even if your department has a well-equipped photo lab staffed by
competent technicians, it is worthwhile learning how to process your own
photos. If you're a student, this is an essential part of the learning process.
Any lab worthy of the name will automatically correct minor exposure and color balance problems. If you don't know that the lab is covering
up your mistakes, you'll never know what you're doing wrong.
Photos processed in a wet darkroom and on modern minilab equipment can be expected to last fifty years under archival conditions, meaning
in a temperature- and humidity-controlled environment protected from the
sun, ozone, UV-rich fluorescents and the acid left over from the manufacturing process found in most papers and plastics.
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Until recently, the same could not be said for photos printed on inkjet
printers. The dyes used in the early inkjets were not stable enough to last
more than two or three years.
Now, prints made on Epson, Canon and Hewlett-Packard printers
using pigment-based inks can be expected to last at least fifty years if you
use the manufacturer’s ink and best quality paper. All bets are off if you
try to economize with third party ink and paper.
Wilhelm Imaging Research is the authority on photo longevity.
Check http://www.wilhelm-research.com for their ratings on any printer
that you might want to purchase. Long after you retire, your diligence will
be appreciated by cold case detectives now running around in rompers.
Dr. Patrick Besant-Matthews relates that twenty-six years passed
between the time he posted a victim and the time that he was called upon to
testify. One of his colleagues had to produce photos thirty-six years after a
homicide because new technology allowed the police to identify a suspect.
If you're shooting digital, make sure you understand the following
documents and embed the concepts in your workflow from the time you
take the picture until you have satisfied mandatory record retention requirements:
http://dpbestflow.org/backup/backup-overview
http://iosafe.com/solutions-for-business
http://www.klsecurity.com/fire_rating_ul.htm
http://www.apc.com/products/category.cfm?id=13
Workflow is the process by which digital image files are transferred
from the camera to a computer, edited to bring out good color, contrast and
sharpness, archived in a manner that will preserve the camera originals for
posterity, and delivered to end users.
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Unlike lab assignments, evidence photos can't be discarded once they
have served their immediate purpose. They must be archived in such a
fashion that the camera-originals can be produced on demand when a cold
case goes hot or a previously adjudicated case comes up on appeal twenty
or thirty years after the original conviction.
A properly designed and documented workflow should preserve the
integrity of digital evidence files despite fires, floods, natural disasters,
incompetence and stupidity. This is not rocket science. The basics include:
Never modify the camera-original image file.
Always work on copies of the camera-original image file.
Follow the DP Bestflow 3-2-1 backup strategy.
Never erase a memory card until you have verified backups.
Archival quality CDs from http://www.mam-a.com were the gold
standard in off-site backup not so very long ago. Now, home users and
businesses large and small are using Internet storage (aka "the cloud") as an
alternative to storing physical media off-site, despite occasional failures
and questionable levels of security.
Some authorities are now recommending a 4-3-2-1 backup strategy
with primary and secondary copies archived on site and tertiary copies
maintained on not one but two cloud-based storage providers so you're not
left holding the bag if one cloud-based provider goes out of business.
Even if you have a stack of archival CDs that can be expected to last
one hundred years, there's no guarantee that the hardware to play CDs will
be available in ten years, just as there's no guarantee a that a cloud-based
service provider will not go out of business.
Some authorities recommend shooting in the RAW format which is
fine if you have the time, inclination and disk space, not to mention hard40

ware capable of displaying and printing a color gamut wider than that
found in garden variety JPEGs.
Raw is a proprietary format that varies from model to model and
manufacturer to manufacturer. If I were a betting man, I'd bet long odds
that the JPEG format will be around long after current RAW formats have
gone the way of the great auk.
There are dozens of editors that can view and print TIFF and JPEG
files, many either free or relatively inexpensive. As far as I know, Adobe,
DXO and Phase One are the only companies making RAW editors suitable
for use at the professional level, with perhaps an honorable mention to
Corel Paint Shop Pro.
Bottom line, you can expect to replace your hardware, software and
third party service providers at regular intervals. Sooner or later, you will
have to migrate your current archives to a format that can be read by the
incompatible systems of the future.
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Chapter 2.3
Basic Editing Skills
Absent instruction from your supervisor or instructor to the contrary, I suggest shooting everything as large/fine JPEGs. JPEGs are a nearuniversal format that can be read by virtually all editing programs.
There is more to recording photographic evidence than pointing a
camera in the general direction of the subject and pushing a button. If it
were otherwise, a legion of instructors could have saved themselves a great
deal of time and trouble. See:
Non-Destructive Faststone Workflow
Faststone Slide Show Creator
Ensuring PC Data Integrity
Cambridge in Color - Levels
Cambridge in Color - Sharpening
Northlight Images - Correct Viewing Distance
Thom Hogan - How Big Can I Print
Panoramas Simplified
Photogrammetry Simplified
EXIF Metadata
Presenting Photographic Evidence
dpBestflow - 321 Backup Strategy
Homeland Security - Backup Options
Occasional users can get by with a laptop, a letter-size inkjet and a
freeware editor such as Faststone or Gimp. If you need larger than lettersize, Costco can do inexpensive 4 x 6, 8 x 12, 12 x 18 and 20 x 30 enlargements while you wait.
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You can edit your photos beforehand, burn them to a CD or thumb
drive, and specify "no adjustments" to get the same result that you'd get if
you printed them yourself. If you don't have a Costco in your neck of the
woods, consider Adoramapix.
For high volume production work, you'll probably want a 24 or 27
inch high resolution monitor, a tower workstation running a current version
of Windows with a multi-core Intel i7 processor, 16 MB of RAM, a 250
GB solid state boot drive (SSD), a 1 TB hard disk data drive (HDD) and
multiple USB 3 data ports.
Printing is the bottleneck in any high volume photo lab. Take a look
at the Epson 4900 for 8 x 10 and larger prints, a HiTi 720P for 4 x 6 prints
and a Brother HL-L6250 monochrome laser for text documents.
For super-high volume printing, look to Fuji Frontier and Noritsu
minilab printers. Nothing is impossible until you run out of money.
Don't even think about running mission-critical applications without
an uninterruptible power supply, effective anti-virus protection and either
two external hard drives or one external hard drive and a connection to a
professionally managed network file server.
The following menu options found in Faststone, Gimp, Lightroom,
Photoshop and Photoshop Elements will solve virtually all problems:
Levels
Curves
Shadows-Highlights (Adjust Lighting in Faststone)
Adjust Color
Image Size (Resize/Resample in Faststone)
Smart Sharpen (Sharpen/Blur in Faststone)
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While there is no magic Auto-Fix button that will fix all problems all
of the time, Faststone's Auto-Adjust Colors and PS Elements Quick-Fix
will fix most problems most of the time. For my purposes, the Levels
command in Faststone, Photoshop, Photoshop Elements and Gimp does a
better job. The Cambridge in Color Levels tutorial is as good as any and
better than most.
The tools required to prepare your photos for printing and distribution
can be found in Faststone, Gimp, Lightroom, Photoshop, Photoshop Elements and Paint Shop Pro but not under the same menu headings. The
good news is that digital editing is indoor work, no heavy lifting. The bad
news is that there's an appreciable learning curve.

The author's office includes a wide carriage inkjet printer for color
photos, a flatbed scanner, a 24" monitor, a desktop computer, a laser printer
for text documents and a lamp with a 3,500K Solux bulb for evaluating
prints. Not shown: one internal and two external backup hard drives and an
uninterruptible power supply.
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Microsoft Word and Faststone do the heavy lifting with my anti-virus
and backup programs running in the background. I've had good luck with
the following programs along with Photoshop and Microsoft Office. Faststone, Gimp and Irfanview will work with JPEG and TIFF files. Consider
Adobe Lightroom and/or Adobe Photoshop if you work with RAW files.
Faststone is fast and it has good editing and file management tools suitable for working with thousands of photos.
Gimp has stronger editing tools and a ruler for photogrammetry but a
clumsy interface and weak file management tools. (Gimp 2.8 uses a
proprietary file format. Use the Export function to save as a JPEG.)
Irfanview has a good ruler and it can open obsolete files that can't be
opened in other editors. It's worth having for that reason alone.
Microsoft ICE is the only free panorama stitcher that I've tried that actually works. The one in Irfanview is a kludge.
GFI Backup Free is a jim-dandy file backup tool. I use GFI Backup
Free for local backups to one internal and two external hard drives.
The free VLC Media Player will play all the common video formats.
I run the paid version of the CCleaner disk cleanup utility because it
catches things that my other anti-virus and anti-spyware utilities miss.
I run the paid version of Malwarebytes because it catches things that
SuperAntiSpyware and CCleander miss.
If you do a lot of software testing, the Revo Uninstaller is worth it's
weight in gold.
Norton Security Premium, SuperAntiSpyware and Malwarebytes are
paid anti-virus programs that run concurrently in the background.
I rarely spend more than thirty seconds editing a photo. The following before-and-after examples demonstrate why you should invest some
time in mastering a few basic photo-editing skills.
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Before and After - BNSF 1603

The top photo is a camera-original JPEG shot with a Panasonic ZS9
pocket camera and cropped so that I could get before and after photos on
the same page. The bottom photo was tweaked using the Faststone Adjust
Lighting and Sharpen screens. This particular photo couldn't be improved
using the Adjust Levels screen.
The differences are easy to see when you compare 12 x 18 inch prints
on premium glossy paper. I got comparable results using similar editing
options in Photoshop, Photoshop Elements and Gimp. For my purposes,
Faststone is faster and more convenient. Your mileage may vary.
Note the additional detail in the locomotive's undercarriage. Attorneys and jurors are accustomed to seeing high quality photos in slick paper
magazines. Give them what they expect to see.
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Before and After - Flash At Night

The Rampart Range library with a 100' frontage shot with a Nikon
D7000 and a Nikon SB-800 flash at ISO 6400. The top photo is straight
from the camera. The bottom photo was tweaked using the Faststone
Adjust Lighting, Reduce Noise and Sharpen screens.
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Before and After - A cool winter morning in Colorado

The Nikon D7000's meter interpreted the white snow as middle gray,
which is exactly what exposure meters are designed to do. Simply moving
Faststone's white Levels slider until it touched the right edge of the histogram extended the tonal range, giving us the picture that we want to see.
Adjustments of this nature take a few seconds but the results are well
worth the slight extra effort if you want to deliver photos that are better
than point and shoot snapshots.
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Before and After - Close Range Flash

The top photo was taken with a Nikon D70 and an SB800 flash.
Manual focus on the front tire using a Coast HP550 flashlight. Bottom,
highlight and shadow detail balanced in Photoshop to minimize light falloff due to the inverse square law. The Adjust Lighting screen in Faststone
works as well as Shadows/Highlights screen in Photoshop.
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Before and After - Long Range Flash

The top photo is an as-shot original of an outdoor scene taken with a
Nikon D7000 with an SB-800 flash. The light falloff is the inverse square
law at work. The bottom photo is the same JPEG with the foreground and
background exposures balanced using Faststone's Adjust Lighting screen.
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Before and After - Kodak Tri-X Negative

A 16 MP scan followed by a fast tweak in Faststone can bring out
detail in a slide or negative, B&W or color, that cannot easily be duplicated
on an optical enlarger. Don't give up on slides and negatives from the film
era just because your department no long has a wet darkroom.
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Faststone's EXIF Screens
Faststone has three EXIF screens. Select a photo
in the browse window and press Control-H to pop
up the EXIF screens. I used the Faststone Capture utility to capture the screens and save them
as JPEGs. You can also send them directly to
your printer.
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Faststone, Gimp and Irfanview
I have Faststone's edit with external menu set to call Photoshop, PS
Elements, Gimp and Irfanview. If your department wants you to have
Photoshop, let them buy it and the machine they want you to run it on.
Elements is worth having if you can get it for free or nearly free.
I could live the rest of my days with Faststone, Gimp and Irfanview.
While Faststone's claim to fame is speed and file management, Gimp and
Irfanview bring some useful tools to the table.

The Faststone levels screen on the left is adequate for all ordinary
purposes. The Gimp levels screen on the right has the same black, white
and gray eyedropper tools found in Photoshop and Elements. Eyedropper
tools are useful when you're trying to correct white balance problems.
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Left, the camera was set for 2700K tungsten lamps but I replaced the
300 watt tungsten bulbs with 65 watt 6500K continuous spectrum compact
fluorescents in my Smith-Victor photofloods, resulting in a strong blue
cast. Right, the color balance was corrected using the white eye dropper in
the Photoshop Levels menu.
While many photo editors have a Levels screen, of the editors currently installed on my computer, only Photoshop, Photoshop Elements and
Gimp have a Levels screen with black, white and gray eyedropper tools.
It's worthwhile installing one of these programs just to have access to the
eyedropper tool for correcting out of whack colors.
Gimp is free. A diligent scrounger should be able to come up with an
older version of Photoshop Elements that came bundled with a printer or
scanner and never used for free or nearly free.
Trying to correct a color balance problem without an eyedropper tool
requires a more patience than I have to spare.
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Faststone's Draw Program

I use Faststone's draw utility in lieu of a dedicated CAD program
because I'm usually working on a Faststone slide show when I need a diagram. It's fast and adequate for my purposes. If you want a more capable
CAD program, look at the free Sweet Home 3D or Smart Draw Legal.
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Sweet Home 3D Cad Freeware

The Faststone drawing tools work well for simple unscaled block
diagrams. Having used both the AutoCAD and Drafix CAD programs back
in the dear dead days of DOS, I spent an afternoon downloading and installing a dozen or more "free" CAD programs. Revo Uninstaller Pro got
rid of the duds.
Some were a come-on. Others were either too complicated or too
simple. The Sweet Home 3D price was right - free.
I created the diagram in Sweet Home and used Faststone Capture to
save it as a JPEG. I opened the JPEG and added additional text in the
Faststone drawing utility to arrive at what you see here. I need JPEGs for
inclusion in MS Word manuscripts and Faststone slide shows.
If I did this sort of thing often, I'd buy a Fluke 414D laser distance
meter good out to 165 feet to get accurate dimensions working solo.
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Chapter 2.4
Advanced Editing Skills
The software and procedures outlined in Chapter 2.3, Basic Editing
Skills, are just that – basic. They will serve the needs of students and occasional photographers effectively and economically.
If you're a full time crime scene or accident investigator shooting
hundreds of evidence photos a week or a digital imaging technician supporting several busy evidence photographers shooting thousands of photos
a week, you will eventually need to develop advanced editing skills and a
system for organizing and archiving thousands of photos which must be
retained as required by state law and departmental policy.
If you're working with hundreds if not thousands of photos a week,
you'll need a custom-configured workstation running the Windows 7 Professional or later with a 64 bit multi-core Intel processor, at least eight and
preferably 16 gigabytes of RAM and abundant hard drive capacity. A 250
GB solid state (SSD) boot drive supplemented by an internal 1 TB hard
disk (HDD) data drive and one or more external backup hard drives will
speed things up considerably.
A workstation is simply a tower computer designed for continuous
duty applications and assembled from more robust components than those
found in ordinary office computers. Think $1,500.00 and up.
A 24 inch monitor, 1920 x 1080 pixels or better, is pretty much the
minimum for serious photo-editing chores. For serious work at a reasonable price, I suggest the 27" Dell U2717D with 1440 x 2560 pixels at
$419.00 from B&H in September of 2016. The more pixels you can see on
screen, the more detail you can coax out of each photo.
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As previously mentioned, printing is the bottleneck in any high volume operation. Consider the Epson 4900 for 8.5 x 11 up to 16 x 24 prints
plus panoramas by 17" wide up to twelve feet long, a HiTi 720P for fast 4 x
6 prints and a Brother HL-L6250 monochrome laser for text documents.
These are benchmark products.
For super-high volume printing, look to Fuji Frontier and Noritsu
minilab systems. Nothing is impossible until you run out of money.
There are dozens of companies producing mug shot systems that meet
current Federal standards for mug shots entered into the NCIC system.
There are several companies producing police-specific photo-editing and
archiving systems. The one that I'm familiar with because its been around
for a long time is Photo Evidence Pro from DigititalCop.Com.
Obviously, if you work for a department using a certain product, you
can reasonably assume that the department will provide new users with
product-specific training.
However, it would behoove someone wanting to work at the level of
professional photographers world-wide, whether you're shooting wars or
weddings, to develop advanced editing skills using industry-standard software, specifically Adobe Photoshop and Adobe Lightroom.
Photoshop has grown from a basic photo editor in 1988 to a mammoth program serving the needs of photographers, videographers, architects, engineers, graphic designers and forensic imaging specialists. It
would be a rare bird indeed who could profitably use all the specialized
features baked into the current Creative Cloud version of Photoshop.
Most photographers, myself included, use the Photoshop features
essential to their work and ignore the others. You can even blank out unused features from the Photoshop menu to streamline your work.
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If you want to know more, scrounge a copy of Photoshop CS3 for
Forensics Professionals by George Reis. While currently out of print, and
the original publisher (Wiley) no longer catalogs the ebook, used copies
can be found on the Internet and you might find a reliable source for the
ebook from third party vendors. My copy signed by Mr. Reis is not for
sale.
Photoshop's file management tools are rudimentary. Since I work
mostly with JPEGs, I use Faststone as both a JPEG editor and as a file
manager but I rarely work with more than fifty or sixty photos at a time.
Photoshop ships with a companion program called Bridge which is a
file manager for several Adobe applications. I tried it and went back to a
third party file manager (BreezeBrowser Pro) until Faststone came along.
Lightroom has at least ninety percent of Photoshop's functionality and
a file management system designed for photographers working with tens of
thousands of photos, any of which must be instantly retrievable.
I purchased an earlier version of Lightroom and went back to Faststone because I prefer the old-fashioned DOS-based file management tools
found in Faststone, Microsoft Office and Photoshop in preference to Lightroom's catalog-based file management tools.
You really need a college level course to develop advanced Photoshop skills. My Photoshop skills are rudimentary but adequate for my
purposes.
If you want something more advanced than the Faststone-GimpIrfanview triumvirate, and you have a computer with sufficient horsepower,
I recommend Adobe Lightroom because it's popular with professional
photographers and you can find excellent free tutorials at
https://photographylife.com/post-processing-tips-for-beginners and a
$79.00 course at http://steeletraining.com/lightroom-course-25.htm.
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You can purchase the standalone version of Lightroom for $142.00
from B&H or subscribe to the photo-specific combination of Photoshop
CS6 and Lightroom for ten bucks a month direct from Adobe, a bargain if
you need both Lightroom and Photoshop.
Corel Paint Shop Pro Ultimate shares a number of features with
Lightroom at a somewhat lower price. Unfortunately, neither current versions of Lightroom nor current versions of Paint Shop Pro will run on my
Windows XP machine so I haven't done a side by side comparison using
current software.
Surprisingly, Photoshop runs fine on my Windows XP machine with
a paltry 4 GB of RAM but many of the newer software programs require a
multi-core 64 bit Intel processor, at least eight GB of RAM and abundant
hard drive capacity.
If I read the Paint Shop Pro user guide correctly, you can run it in a
catalog mode like Lightroom or in a director tree mode like Microsoft
Office, Photoshop, Faststone, Gimp and Irfanview.
My chief concern is that skills developed with Paint Shop Pro may
not be worth all that much if you go to work for a department that has
standardized on Lightroom and/or Photoshop.
One acid test for admissibility is that a consultant hired by the defense
should be able to duplicate your results. I suspect that you'll encounter
more defense consultants running Photoshop or Lightroom than Paint Shop
Pro.
That said, an older version of Paint Shop Pro previously evaluated did
all the things that I expect a photo editor to do but, having already paid for
Photoshop, it brought nothing to the table that I didn't already have.
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Somewhat surprisingly, neither Photoshop nor Lightroom nor Paint
Shop Pro nor Gimp nor Irfanview have baked in tools for downloading
photos from your camera to your computer. You can use software supplied
by the camera manufacturer or the tools embedded in whatever version of
Windows you happen to be running.
Alternatively, you can spend anywhere from $100.00 to $150.00 on
dedicated downloading and file management tools such as BreezeBrowser
Pro, Breeze Downloader Pro or Photo Mechanic.
Or, tra la, you can use the Faststone's downloader and file management tools. I'm running Faststone on both my XP machine purchased in
2009 and on my wife's Windows 10 machine purchased in 2016.
While I do all of my file management and most of my photo editing
chores in Faststone, I have the Faststone "edit with external" menu set to
call up Photoshop, Photoshop Elements, Gimp and Irfanview. When I
finally get around to upgrading to Windows 10, probably when I'm forced
to buy a new computer, I'll do a side by side evaluation of the demo versions of Lightroom and Paint Shop Pro.
Why wait until I buy a new computer? Having been involved with
computer upgrades starting with the early days of DOS circa 1982 through
all versions of Windows, upgrading an operating system is not without
peril. Your old applications may need to be reinstalled, only to find that
they won't run under the new operating system. You may need to locate
and install a long list of new device drivers. Ad infinitum, ad nauseum.
Since my elderly (by computer standards) Windows XP machine is
significantly faster than my wife's new Windows 10 machine by virtue of a
solid state boot drive and a 7200 RPM internal data drive. It runs all the
programs important to my work in exemplary fashion, I'm not about to
spend $1,500 on a new computer workstation just to run the current version
of Lightroom. Don't fix things that aren't broke.
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Chapter 2.5
File Hierarchy
If you are fortunate, you will find employment in a department that
has long-established, well-documented procedures for filing digital images.
If you inherit a mess left behind by prior users who have gone on to other
things without leaving any notes describing what they have done and why,
you've got your work cut out for you.
Whether you're a brand new crime scene investigator or a veteran
police photographer, a digital image filing system needs to satisfy a few
basic requirements:
Keep your untouched camera original digital image files separate from your
edited working copies.
Be able to locate all of the digital image files associated with a particular
case months, years or decades after the case is either cleared by arrest or
transferred to the cold case file.
Be able to purge digital image files once the statute of limitations runs out or
the case is of no further interest to the police or the prosecution.
Have backups for both your camera originals and your working copies in
accordance with the 3-2-1 Backup Strategy endorsed by dpBestflow.org,
preferably with one copy stored off-site, in the cloud or in a Class 125 three
hour fire-rated data safe.

First, you need a file naming convention. A logical place to start
would be using a batch renaming application such as the one found in Faststone to preface the camera-assigned file number with the department assigned case number.
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You can further enhance your filing system by setting up separate
camera original and working copy folders by the year with subfolders either by month or by the type of case, Assault, Burglary, Homicide, Robbery
and so forth.
This will give you a DOS-type directory tree that you will find in
Faststone, Photoshop, Photoshop Elements and Microsoft Office, to name
only a few.
If you are using a catalog-based editor such as Lightroom, create your
directory tree and download your files into a folder based on a logical naming system before importing them into Lightroom. If the Lightroom catalog is corrupted, you can still find your files using a DOS-type file manager
like Faststone.
I suggest downloading only your working copies into a catalog-based
editor such as Lightroom.
If you're not a Faststone fancier, consider a dedicated file manager
such as Photo Mechanic. Photo Mechanic was designed for a high volume
workflow. It will ingest a camera's memory card into your camera original
and working copy folders simultaneous while adding a case number prefix
as a single step. This would be a three step process in Faststone.
On the other hand, Faststone is free to home and student users, $35.00
for business and government users and it includes a serviceable JPEG editor. Photo Mechanic will set you back $150.00 and you'll need a separate
editor.
In the larger departments, a photographer turns his or her memory
cards into the photo lab, usually embedded within the Identification Section
where civilian technicians handle the downloading, processing, printing
and archiving chores.
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In the smaller departments, the photographer might be responsible for
downloading, processing, printing and archiving. This goes well beyond
the relatively simple act of taking the pictures in the first place.
It isn't enough that you understand your system. It must be simple
enough and sufficiently well-documented that any reasonable competent
person can step in and pick up where you left off.
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Chapter 3.1
First Responder Cameras
First responder or CSI, you must follow your department's procedures even if the photos are intended only to document the incident or
event for other officers with no expectation that they will be used in court.
During the film era, hundreds of detective and patrol officers carried
Polaroid and Instamatic cameras for every CSI carrying an SLR with a case
full of lenses. Only the larger metropolitan police departments and state
agencies still have full time, formally trained crime scene investigators.
Many law enforcement agencies serving suburban and rural jurisdictions have serious manpower and budgetary constraints. The CSI function
is a strictly part time endeavor, often with a state agency called in to handle major crimes and traffic accidents.
Thus, there is a clear need for relatively simple, relatively inexpensive
cameras that will let patrol officers, detectives and part time crime scene
investigators take pictures of acceptable quality when the services of a
formally trained CSI are not required.
At this writing, the obvious choice might well be one of the newer
smart phones with the Apple iPhone 7 being the benchmark against which
all others are judged. Police departments are now issuing smartphones to
detectives and patrol officers as a means to collect and disseminate information, including photos.
Tradesmen routinely use smartphones to help them estimate jobs and
communicate with suppliers. My only gripe is that the screens tend to wash
out on sunny days and they're likely to go dead in sub-zero weather.
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Smartphones
People ranging in age from pre-puberty to post-senility have a
smartphone with the latest Apple iPhone and Samsung Galaxy models
being popular among serious photographers. Photographers with thousands
of dollars worth of gear routinely use their smartphones while scouting
locations and taking lighting and model test shots.
Visit http://www.apple.com/iphone-6s/cameras/photos and
http://www.samsung.com/global/galaxy/gallery/galaxy-s7 to see photos
taken by skilled photographers with advanced smartphones. Polaroid University even offers inexpensive smartphone tutorials.
Whatever brand of smartphone you're using, you can be sure that
someone has written a book on getting the most out of the built-in camera.
Apps to enhance the capabilities of your built-in camera abound.
Google "smartphone apps for police." You'll get dozens of hits.
Some are fairly basic. Others will supposedly help you process a crime
scene in a systematic manner without recourse to paper and pencil.
One advantage of a smartphone over a point and shoot camera is the
ability to transmit and receive text messages along with still and video
imagery. If your jurisdiction has good cellular coverage to start with, a
smartphone is more than just a phone.
Smartphones have become the camera of choice for most folks.
Crowd-sourced imagery is featured on network news broadcasts simply
because people who can't be bothered with a camera carry a smartphone.
An entire industry has grown up around smartphone photography.
Selfie sticks are a prime example. You'll find many products to enhance
the capabilities of your smartphone at Walmart, Target, Best Buy, Office
Depot and Staples. Still more are available from online retailers.
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Smartphone holders such as this
version from Insten will allow you to
mount your phone on a tripod or copy
stand for low light and closeup work.
Those that I've looked at sell in the
five to twenty dollar price range and
take up very little space in your briefcase or warbag.

Inexpensive tripods such as this
Sunpak 5200DLX sell in the fifteen to
twenty dollar price range. While sufficient for holding the camera still long
enough for the photographer to get into
a group portrait, they are neither tall
enough nor steady enough for taking
long time exposures.

The Manfrotto MT190XPRO3
with a 496RC2 ball head is perhaps the
least expensive tripod with an articulated center column that is tall and sturdy
enough for taking long time exposures
with a smartphone, a point and shoot
camera or a small DSLR. If you're
over six feet tall, spend another hundred bucks on the taller and sturdier
MT055XPRO3 with an XPRO ball
head.
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Point and Shoot Cameras

The Panasonic ZS-50 is the only pocket camera with an eye level
viewfinder, a singular advantage if you work outdoors on sunny days.

When paired with a Panasonic FL580L flash, the Panasonic FZ-300
can satisfy many requirements that formerly required a DSLR and several
lenses. It has good manual controls, an excellent eye level electronic viewfinder and perhaps the best lens to be found on a bridge camera.
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While lacking an eye level viewfinder, the Olympus TG-4 is one of a
handful of extra-rugged point and shoot cameras that are reportedly drop,
crush, water, freeze and dust proof. Imagine a camera that can be rinsed in
a bucket of soapy water if it should be stained with a bloody fingerprint.
Go to www.bandh.com and do a search for waterproof point and
shoot cameras. You'll get hits from all of the major manufacturers at prices
within the reach of many individual officers and the smallest police departments.
Even if you already have a DSLR, you'll eventually want a good point
and shoot either as a backup or to cover situations such as a foot surveillance when a larger camera would draw unwelcome attention.
My wife never leaves home without her Panasonic purse camera. She
rarely misses a shot during the daylight hours or indoors within range of the
flash.
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The singular advantage of the FZ-300 over other bridge cameras is a
lens suitable for surveillance. Being long retired, all I wanted was a compact point and shoot with an eye level viewfinder, an easily accessed exposure compensation control and provision for an external flash.
My Canon G15 fills that bill nicely. The current version is the Canon
G16. Rather than pay full pop for a G16, I purchased a like-new G15 from
keh.com for $250.00. Since I had just sold KEH most of my old film cameras for a decent price, I wasn't money out of pocket. The G15 is adequate
for my current purposes.

Picture quality, an eye level optical viewfinder, an exposure compensation dial and provision for external flash with a lens suitable for any task
short of surveillance were the features that prompted me to purchase a
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Canon G15 in preference to other cameras, new or used, in the same price
range. My other option was a Panasonic LX100 at twice the price.
Interchangeable Lens Compact (ILC) Cameras
Mirrorless ILC cameras appeal to travelers because they are smaller
and lighter than comparably priced DSLR cameras. In return, you give up
a little image quality and low light performance. The people who buy them
are not inclined to burden themselves with a heavy tripod and none of the
leading ILC manufacturers build a time-proven professional flash.
The Fuji X-E2s with an 18 - 55 mm f/2.8 - 4 lens is one of the better
ILC cameras as reviewed HERE by Ken Rockwell. $999.00 from B&H in
November 2016. I have two objections to this camera and others like it.
You can buy a Nikon D3300 for less than half the price.
Fuji's EF-42 flash ($159) is a rebadged Sunpak PZ-42 ($139).
The D3300 with 24 MP sensor and an 18 - 55 kit lens weighs an
ounce less than the EX-2s with 16 MP sensor and an 18 - 55 kit lens. I
know which camera I'd buy if I needed something appreciably smaller and
lighter than an advanced DSLR while giving entry to the Nikon DSLR
system, including Nikon's high end professional flash units.
For Occasional Users
All of the commonly available digital cameras are powered by rechargeable batteries which have a nasty habit of loosing their charge when
the camera is not used regularly. An infrequent photographer might find
that his or her batteries are dead when the time comes to take a picture.
Back in the cave days when we still had to wind our watches every
morning, cameras were invariably powered by disposable batteries. Starting with the F4 introduced in 1988 and the N90 introduced in 1992 and
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ending with the F100 discontinued in 2006, Nikon's professional film cameras were powered by AA batteries.
I'm still using a Nikon N90s (an upgrade to the original N90) purchased in 1995 in large part because it runs on AA batteries, either Duracells for temperatures well above zero and Energizer Lithiums when temperatures at or below zero are expected.
Point and shoot cameras that run on AA batteries are still available
for occasional users who need a camera they can stash in their warbag and
forget about until needed. Consider the:
Sony DSC-H300
Nikon L840
Nikon L32
Nikon A10
Reality Check:

My step-daughter took seven photos with her purse camera following
a parking garage fire that destroyed twelve vehicles, including hers. The
these are the only two that I consider usable as evidence photos but one
shot is all she needed to show the insurance company.
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Chapter 3.2
Entry Level DSLR Cameras

Entry level DSLR cameras such as the Nikon D3300 and the Canon
Digital Rebel are priced like high end point and shoots but have superior
viewfinders, superior picture quality, superior low light performance, superior speed and superior handling qualities. You can use them like a point
and shoot while you gain experience. Bargains can be found when current
models are replaced by newer, but not necessarily better, models. Photo
courtesy Ken Rockwell.
My ex-wife, a lovely lady with a good eye for color and composition
but hardly the most technical woman in the world, recently took her Nikon
D3200 to Alaska and came back with hundreds of excellent photos shooting in the auto-everything mode.
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Entry level DSLR cameras are typically less robust than their advanced counterparts and have fewer features that can be accessed via external buttons when you need to work fast without digging deep into the camera's menu system. All the features that you'll ever need are there. They
just aren't always easy find. This makes these cameras simple enough for
inexperienced users while aggravating advanced users to tears.
I suggest a D3300 if you can still find one over the newer D3400.
The D3400 includes Bluetooth for transferring pictures from the camera to
your smartphone at the expense of a less powerful built in flash. I'll take
the more powerful flash over smartphone compatibility if it gives me an
extra five or ten feet of flash range when I need it.
Nikon's D5500 camera is essentially a D3300 with the addition of a
tilt and swivel touch screen and Wi-Fi. If you like touch screens or if you
need either tilt and swivel or Wi-Fi, the D5500 is well worth the extra price
over a camera in the D3300 series. Why would you want a tilt and swivel
screen? Think:
bloodstains and bullet holes at floor level
weapons or drugs found under a car seat
getting a full profile ID photo of a corpse
getting overhead shots at a mob scene
getting surveillance photos shooting around corners
I'm old-fashioned. I still carry a Colt 357 purchased in 1961. I prefer
larger, more robust cameras. Entry level cameras lack the screw-drive
focus mechanism required by AF-D lenses. I have AF-D lenses left over
from the film era and they're plentiful on the used market.
I'm not enchanted with the G-type lenses required by entry level
Nikons. G-type lenses lack aperture rings, hard infinity stops, depth of
field scales and IR focusing marks. Science is not always bloody marvelous, not when it is used to cut costs by removing useful features.
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Chapter 3.3
Advanced DSLR Cameras
In a perfect world, every officer required to take evidence photos in
the line of duty will be issued a suitable camera and the required accessories. In the real world, you may be obliged to settle for whatever your
department choses to issue with cameras passed from officer to officer at
every shift change. Not infrequently, in departments with liberal policies,
some officers will elect to purchase their own cameras.
In the United States, every police officer is required to complete statemandated POST training before being turned over to a Field Training Officer who will guide the officer through a probationary period.
The POST training outlines that I've reviewed cover basic crime
scene processing with photography mentioned only in passing. A Texas
prosecutor of my acquaintance tells me that most of the photos submitted
by police departments in her jurisdiction are worthless because officers are
given a point and shoot camera without any training whatsoever.
A forensic pathologist of my acquaintance tells me that a student in
one of his classes was not allowed to see the camera manual for fear that it
might be lost. You'd think that a competent supervisor would know that
free camera manuals can be downloaded from the camera manufacturer's web site. Alas, if only it were so.
Photography above the snapshot level is a technical endeavor. You
may have to buy your own camera and study the basics on your own time
to acquire the skills if you aspire to work above the snapshot level.
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A DSLR camera system for crime scene investigators working above
the point and shoot level should have the following features:
Robust construction with good weather sealing
Dual memory card slots for in-camera redundancy
Automatic distortion control
Fast, accurate auto-focus and auto-exposure systems
Simple manual focus and exposure controls
Good low light performance
A full range of professional lenses and accessories
The Nikon D7200 is the least expensive camera that satisfies these
requirements. Here's how a fairly advanced CSI kit might look.
Camera Body
Nikon D7200
$1,196.95
Primary Lens w/hood
18 - 140 f/3.5 - 5.6 VR
496.95
UV Filter
67 mm Hoya NXT-HMC
37.90
Polarizing Filter
67 mm Hoya NXT Polarizer
68.85
Flash w/diffusion dome SB-5000
596.95
Macro Lens
60 mm f/2.8 AF-D
596.95
Fast Normal Lens
50 mm f/1.8
196.95
Telephoto
70 - 300 f/4.5 - 5.6 VR
496.95
Flash Cord
SC-29
71.90
Remote Release
MC-DC2
26.95
Spare Camera Battery EN-EL15
48.00
Four Memory Cards
SanDisk 32 GB @ 21.95
87.80
Lens Pen
Lens Pen DSLR Kit
29.99
Microfiber Cloth
Lens Pen MicroKlear
8.08
Lens Cleaning Fluid
1 Oz ROR Screw Cap
4.50
Carrying Case
Pelican 1520
114.95
Manfrotto Tripod
MK055XPRO3 w/XPRO Head
369.88
Rain Cover
Manfrotto E-705 PL
69.88
Total at B&H Prices November 2016
$4,520.38
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These are MSRP prices. Discounts are commonly available, especially when a product is nearing the end of it's life cycle and dealers are eager
to clean out their old inventory to make room the new.
The Nikon D7200 and the Nikon 18 - 140 lens go together well. Be
aware that some dealers bundle a high end camera such as the D7200 with
less expensive entry level lenses to advertise a lowball price.
While $4,500.00 might seem like a steep price to pay for a camera kit,
it is only a fraction of the cost of equipping a CSI vehicle with all of the
materials required to process a felony crime scene. Prices for a total station
mapping system commonly found in accident investigation cars start at
$10,000.00.
This is virtually identical to the kit that I've used for years and similar
to the kit endorsed by veteran instructors and professional associations such
as ICSIA and IAI. A system based on the Canon 7D Mark II will come in
within a few hundred dollars of the price based on a Nikon D7200 or the
newer Nikon D500. Canon and Nikon cameras in the same price range
are essentially equal in durability, quality and performance.
A fast "normal" prime is useful in low light situations. It's worth
having a general purpose telephoto lens on hand should a surveillance
opportunity of some sort come up unexpectedly.
A modern DSLR camera manual will run to three or four hundred
pages. You're wasting your time and your department's money if:
You can't be bothered reading the manual.
You find the manual and/or your camera unbearably confusing.
You don't have sufficient access to the camera to become familiar with the camera's features under operational conditions.
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Make sure you know how to reset the camera to the factory defaults
and verify the date and time against your cell phone or a time hack from the
dispatcher.
Do this at the start of every shift if you're using a camera passed from
officer to officer at every shift change. Otherwise, you're at the mercy of
whatever a prior user might have done.
Obviously, the date and time captured in the camera's EXIF file
should agree with date and time on photos taken by other photographers
and recorded in all official logs and reports. See EXIF Metadata.

The Nikon D7200 on the left introduced in 2015 is virtually indistinguishable from the Nikon D7000 introduced in 2010. The handling and
control layout are the same, the picture quality nearly so. The D7000 was
the basis for a number of newer Nikons, including the full frame D610 and
D750 models.
The D7000 was the first mid-range camera to offer dual memory card
slots providing in-camera redundancy. Having lost pictures to faulty
memory cards in the past, I would not want to be without this feature in a
camera intended serious use.
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The authors kit pictured below is functionally identical to the Nikon
D7200 kit listed on a previous page, with the addition of a Sekonic L358
light meter useful for studio work and training purposes.

The kit includes a 16 MP Nikon D7000 with an 18 - 105 mm VR lens
purchased at closeout prices in 2012 and an SB-800 flash purchased to go
with a Nikon D70 in 2005. The SC-29 off-camera flash cord, the AF-D 60
mm f/2.8 macro, the AF-D 50 mm f/1.4 prime and the AF-D 70 - 300 f/4 5.6 telephoto were all purchased in the mid-1990s to go with professional
Nikon film cameras.
The 50 mm f/1.4 is a short, fast 75 mm telephoto on an APS-C camera. Although the 70 - 300 telephoto was purchased before vibration reduction was invented, it works just fine on advanced Nikon digitals.
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In addition to my primary kit, I usually carry a tote holding a Gorillapod, a Manfrotto Superclamp, extra flashlights, a macro focusing rail, a
six inch scale, a twelve inch scale, 25' and 100' tape measures, a Lumiquest
pocket bouncer, several Rainsleeves and extra batteries.
A 1,075 lumen Coast HP550 rides in the door pocket of my truck and
I have a 625 lumen 3D LED Maglite stashed in the tote holding my tools,
first aid supplies and basic rescue gear, essential when your leisure activities take you to areas without cell coverage and you're an hour or more
from the nearest fire-rescue services.
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A Manfrotto MT055XPRO3 tripod with a heavy duty ball head and
an optional Manfrotto Magic Arm kit can be used to position both the camera and a light source, in this case a Manfrotto LED video light, as required
for closeup photography. An articulated center column is convenient for
tire tracks, shoe prints, blood stains and so forth found at floor or ground
level.
Study the following articles. They're an extension of the text.
Weather Resistance Tutorial - Olympus
Protecting Your Gear In Extreme Cold - Adorama
Extreme Conditions - Lens Rentals
Assumptions and Expectations - Lens Rentals
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Have A Backup
No camera at any price can survive the kind of mistreat described in
Roger Cicala's blogs at lensrentals.com. Thankfully, police photographers
rarely encounter conditions similar to those encountered by full time news,
sport, event and wildlife photographers.
Regardless of what camera you're using, a prudent photographer will
use a lens hood and a UV filter to protect his or her front element and have
Rainsleeves or a Manfrotto elements cover on hand to protect the lens, the
flash and the camera body under wet or dusty conditions.
Anyone working under extreme conditions would be well-advised to
have a more or less disposable camera on hand when getting the picture is
more important that preserving the camera.

7
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I have two backup cameras, a 6 MP Nikon D70s with an 18 - 70 lens
purchased in 2005 and a Nikon N90s film camera with a 28 - 70 lens purchased in 1995. They both work perfectly, they both take excellent pictures
and they both have many of the features found on today's advanced cameras. I stick the one that I want to use in a Seahorse SE520 case purchased
used for twenty bucks.
The Nikon 70 - 210 f/4 - 5.6 AF-D telephoto and the Nikon SB-22s
flash were purchased to go with the N90s which in turn was purchased as a
backup for my Nikon F4. They work with both cameras.
I use the D70s digital for convenience. I use the N90s in cold weather
or when I want the look that I can only get from films such as Kodak Porta
400, Kodak Tri-X and Ilford Delta 400.
The N90s runs on four AA batteries. When the temperatures above
8,500 feet high in the Colorado Rockies are expected to fall below 20o, I
replace the Duracells with Energizer Lithiums good to -40o.
I started using auto-focus, auto-exposure film cameras such as the
Nikon N90s, the Nikon F4 and the Nikon F100 in 1994. The manual focus
cameras such as the Canon FTb and the Nikon FE and FM that I used previously, while fine for crime scenes, were too slow for surveillance once
fast, reliable auto-focus came along.
In the eleven years between 1994 and 2005, I was shooting with
professional-grade auto-focus, auto-exposure film cameras with complete
satisfaction. The only thing of any substance that changed when digital
came along was demise of local labs offering same day processing.
Now, when I want to shoot a ten dollar roll of film, I have to make
two 50-mile round trips to Mike's Camera in Colorado Springs and pay
twenty bucks for overnight processing and six megapixel scans or send that
same ten dollar roll of film to North Coast Photographic Services in Cali-

83

fornia and pay the same twenty bucks for processing plus postage both
ways when I want sixteen megapixel scans.
I'll wait for those sixteen megapixel scans unless I'm pressed for time
in which case I'd be shooting digital in any event.
At thirty bucks a roll plus ten bucks worth of gas locally or ten bucks
worth of postage to an out of state lab, you've got to be nuts to shoot film.
The N90s is the backup for my D70s which in turn is the backup for
my D7000. It's paid for. It's never missed a shot. It works with my existing lenses and flash units. When failure is not an option, I'll take a professional film camera over a smartphone or digital point and shoot any
day in the week.

Nikon N90s with a Nikon SB-22s flash and Kodak Tri-X processed
by North Coast Photo Service. Try shooting a thirty-seven foot long dump
truck with your smartphone or P&S camera on a dark night.
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Chapter 3.4
SLR Film Cameras
Read this chapter if you have access to a free or dirt-cheap professional film camera in good condition, a set of compatible lenses and a
decent flash. Otherwise, don't waste your time.
There are thousands of serviceable 35 mm film cameras manufactured
between 1977 and 2006 gathering dust in bedroom closets and police property rooms. Some models, notably the Nikon F4 manufactured between
1988 and 1996 and the N90s manufactured from 1994 through 2001 are
practically indestructible. These camera have many of the features found
on advanced DSLR cameras, including:
Auto and manual focus.
PSAM exposure modes.
Matrix, center-weighted and spot metering patterns.
TTL flash with compatible Nikon flash units.
Everything that you need to know is displayed in a big, bright eye
level viewfinder.
I sold all of my old film cameras except an N90s in 2015. The list
included a Nikon FM, a Nikon FE, a pair of Nikon F4s, a Nikon F100 and a
medium format Pentax 645. I kept the N90s because:
It can stand temperatures down to -40o with lithium batteries.
It's as durable as any camera made today with the possible exception of the Nikon D5 and the Canon 1DX Mk II.
There's nothing of consequence that I can do with digital that I
couldn't do with film fifty years ago.
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I keep the N90s with lithium batteries in my truck during our cold
mountain winters. The kit includes the 28 - 70 mm f/3.5 - 4.5 AF-D that
came with the camera, a 70 - 210 mm f/4 - 5.6 AF-D telephoto and a SB22s flash. This was state of the art in 1995 and serves as a backup to my
D70 purchased in 2005 which in turn serves as the backup to my D7000
purchased in 2012.
I can replace the camera, the flash and both lenses for around
$250.00. However, that same $250.00 will buy a six megapixel Nikon
D70s with an 18 - 70 mm f/3.5 - 4.5 lens in E+ condition from keh.com at
November 2016 prices. My D70s purchased in 2005 (a slightly improved
model over the original D70) is my warm weather car camera, using the
same telephoto lens and flash that I use with the N90s.
When I'm shooting film, I usually shoot Kodak Porta 400 color negative film and send it off to North Coast Photo Services for sixteen megapixel scans. I'm paying about forty bucks a roll counting the film itself and
postage both ways but the picture quality satisfies my requirements and I
rarely shoot more than four or five rolls a year. I'll put up with the ten day
turnaround when I'm not in a hurry.
If I'm in a hurry, Mike's Camera and Cameraworks in Colorado
Springs can give me next day service on Portra 400 when six megapixel
scans are sufficient. Thousands of photographers are still shooting film
despite the problems associated with finding a lab that can give you professional processing and high resolution scans.
While digital obviously trumps film for economy and convenience, a
free or nearly free film camera with suitable lenses and a compatible flash
is the ideal teaching camera for someone who can't afford a DSLR.
Many college-level photography programs require that their students
purchase a manual film camera such as the Nikon FM or FM2 with a basic
50 mm f/1.8 lens, shooting a good ISO 400 B&W film such as Tri-X.
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The student is expected to process and print his or her film in a traditional wet darkroom. A manual camera forces you to think about composition, focus, shutter speed and aperture for each and every shot.
I'll go so far as to suggest than a beginner with a DSLR should
shoot exclusively in the manual focus and exposure modes without VR to
get a solid grip on the basics before turning on the automatic modes.
The film cameras with auto-focus and auto-exposure capabilities that
I recommend are the Nikon N90s which I currently own and the Nikon F4
and F100 which I previously owned. I have no experience with the N90
which came before the N90s or the N75 which came later.
I owned both the Nikon F4 and the F4s. The big and heavy F4
worked on four AA batteries. The bigger and heavier F4s had a larger
battery compartment to accommodate six AA batteries. In those days, you
needed two cameras to avoid being caught flat-footed while changing film.
I bought the N90s as a handy walking around camera using the same
lenses and flash units that I used on the F4. The N90s, the F4 and the F100
were professional cameras back in the day.
If you want a straight manual focus, manual exposure camera, look no
further than the Nikon FM, FM2, FE, FE2 and FM3A. The downside of
these cameras is that there is more collector interest so you might pay more
for a camera with fewer features.
If you're lucky enough to find one of the cameras mentioned above
either free or at a price that you can easily afford, I suggest Nikon AF-D
lenses which are still made today. With few exceptions, AF-D lenses will
work on Nikon camera from 1977 through the present day, advanced digitals included. If you can cover the focal lengths from 28 to 70 mm with an
SB-28 flash in good condition, you're golden. I prefer the 28 - 70 AF-D
over the newer 28 - 105 AF-D because it is lighter and handier.

87

I enjoy working with my Nikon N90s because every control required
to take professional-quality photographs is clearly visible in these photos
by Ken Rockwell. It's faster and more intuitive than today's digitals.
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Nikon N90s with 28 - 70 f/3.5 - 4.5 lens. Top, Kodak Portra 400.
Bottom, Kodak Tri-X on an overcast day. 12 x 18 inch prints look good at
arms length. 20 x 30 prints will look good 10' or 15' from the jury box.
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A Nikon shooter since 1978, I have inevitably accumulated a number
of lenses and flash units. This allows me to write about Nikon cameras
based on first hand knowledge.
However, I can heartily recommend the Pentax K1000, the Olympus
OM1 through the OM4, the Canon FTb and the Canon F1 if you can find
one in good conditions with lenses covering the range from 28 mm wide
angle, 50 mm "normal" and 105 mm macro or telephoto, with one caveat.
Old Nikon lenses will work on advanced Nikon DSLRs, preserving your
investment. I can't say the same for Pentax, Canon and Olympus.
A second reason to become conversant with old film cameras is that
uncounted thousands of evidence photos were taken with film cameras.
The switch to digital didn't gather real momentum until 2004 with the introduction of the Nikon D70.
Consequently, many departments diligent about archival storage have
a sizable collection of 35 mm slides and negatives. Should a cold case
originally shot on film suddenly move to the front burner or a previously
adjudicated case come up on appeal, it would behoove someone to know
how to go about making new prints when the department's wet darkroom
was converted to a supply closet.
I can send my film, slides and negatives to a good lab like North
Coast Photo Service and get sixteen megapixel scans back that can be used
to make digital prints just as you would make digital prints from scenes
originally shot on digital. I've taken ISO 400 color negatives up to 20 x 30
with good results when viewed from a distance of fifteen or twenty feet.
You may have a lab in your area that can scan your old slides and
negatives but I'd send them a couple of rolls of freshly shot film to make
sure their operators, their equipment and their quality control are up to
snuff.
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Chapter 3.5
DSLR Lenses
If your lens did not come with a hood, buy one without delay. Click
HERE for a discussion on the importance of lens hoods.
A zoom lens advertised as "macro" is merely a close-focusing zoom. It
is not a true macro lens suitable for fingerprints, tool marks, firearms
and trace evidence. A true macro lens is a fixed focal length prime
optimized for closeup photograph down to a 1:1 reproduction ratio.
A full frame digital uses the same focal lengths used on 35 mm film
cameras because both are based on a 24 x 36 mm image area. Cameras
based on smaller APS-C sensors (14.9 x 22.3 mm Canon, 15.6 x 23.6 mm
Nikon) have a narrower angle of view, requiring a crop factor to compare
APS-C focal lengths to their full frame equivalents.
Nikon 1.5 crop factor
Canon 1.6 crop factor
Thus, a 50 mm lens on a full frame camera is equal to a 75 mm lens
on a Nikon D500 and 80 mm on a Canon 7D Mark II.
Buy the best lenses you can afford. They'll outlast several cameras.
If you can only afford one lens, make sure that it covers the range from 24
to 120 mm on a full frame camera, 18 - 140 mm on an APS-C camera.
This will let you shoot a typical scene without changing lenses.
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If you work with fingerprints and tool marks, buy a 60 mm macro
for an APS-C camera, equal to 90 mm on a full frame camera.
For daylight surveillance, buy an image-stabilized 70 - 300 mm
telephoto, equivalent to 105 - 450 mm on an APS-C camera.
If you need it, buy a fast prime for low light work such as a 35 mm
f/1.8 for an APS-C camera, equal to 53 mm on a full frame camera.
I use a 35 f/2 mm AF-D as the "normal" lens on my D7000. It was
purchased for a Nikon F4 twenty years ago. It work perfectly on
advanced Nikons but not on entry level cameras.
Any of these lenses on an APS-C camera will cover the average crime
scene nicely:
The Nikon 16 - 80 mm f/2.8 - 4 VR lens is a good match for the
Nikon D7200 and the D500 if you work mostly indoors.
The Nikon 18 - 140 mm f/3.5 - f/5.6 VR offers more telephoto
reach at the expense of wide angle coverage.
The Canon 15 - 85 mm f/3.5 - 5.6 IS is a good match for the Canon 80D and the 7D Mark II if you work mostly indoors.
The Canon 18 - 135 mm f/3.5 - 5.6 IS offers more telephoto reach
at the expense of wide angle coverage.
I'll go with extra wide angle coverage for vehicle interiors and tight
indoor scenes. You can always add a telephoto to your kit if you need
more outdoor reach.
Good lenses are expensive but a good lens will outlast several cameras. Putting a cheap lens on a good camera is penny-wise, pound-foolish.
I've never owned a third party lens that was worth what I paid for it.

92

Primes versus Zooms

Two of the best zoom lenses for Nikon APS-C cameras are the 16 80 f/2.8 - 4 VR and the 18 - 140 f/3.5 - 5.6 VR. These lenses lack a depth
of field scale, a hard infinity stop and an infrared focusing mark. Photos
courtesy kenrockwell.com.
I still own and use six relics from the film era, a Nikon 24 mm f/2.8
AF-D, a Nikon 35 mm f/2 AF-D, a Nikon 50 mm f/1.4 AF-D, a Nikon 60
mm f/2.8 AF-D macro and two AF-D telephotos. These lenses introduced
twenty or thirty years ago are still available new from B&H. They have
fast apertures, hard infinity stops, depth of field scales and infrared focusing marks, all useful to advanced evidence photographers.
Virtually all lenses, especially zooms, have a certain amount of distortion that often shows up in architectural and closeup photography. This
will rarely be noticed if you're photographing three dimensional objects. It
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can be quite noticeable if you're photographing buildings because we expect walls to be straight and parallel.
Generally, prime lenses (and a macro is merely a prime lens optimized for closeup photography) have larger maximum apertures and less
distortion than zoom lenses. Every kit intended for advanced work needs a
fast low distortion prime and/or a macro lens.

An extreme example of barrel distortion, courtesy Hayden Baldwin.
Some otherwise useful lenses are worthless for closeup work.
Advanced Nikon cameras starting with the D7000 in 2010 have
built-in automatic distortion control for supported Nikon lenses. This
must be enabled during setup. The default is off.
I believe the newer advanced Canons have built-in automatic distortion control. I'm not sure about entry level cameras. While you can correct
some forms of distortion in an advanced editor such as Photoshop, it's
always better to correct problems in camera at the scene.
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Chapter 3.6
The Right Focal Length
Life was simple during the film era. A basic 35 mm kit from the
early Sixties through the mid-Nineties included a 28 mm wide angle prime,
a 50 mm "normal" prime and a 105 mm macro. Starting in the midNineties, zooms confused the issue by giving you a range of choices from
moderate wide angle to moderate telephoto.
Then digital came along. Instead of the standard full frame focal
lengths that everyone knew and understood, you had full frame digital
cameras that used the same lenses as their full frame film counterparts and
"crop-sensor" APS-C cameras which required shorter focal lengths to give
you the same angle of view.
Wide Angle
Moderate Wide Angle
Normal
Macro - Telephoto

Full Frame
28 mm
35 mm
50 mm
105 mm

APS-C
18 mm
24 mm
35 mm
60 mm

These comparisons are not exact but they agree with markings on the
lens barrel and the commonly available macro focal lengths. If you're
looking for exact, you won't find it here. Prime lenses with a nominal 50
mm focal length typically measure between 48 and 53 mm at infinity.
Focal length can vary at distances closer than infinity.
Now that you know, don't worry about it. The 28 mm focal length on
a full frame camera or the 18 mm focal length on an APS-C camera are the
widest focal lengths commonly used for overall views at crime and accident scenes.
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The 35 mm focal length on a full frame camera or 24 mm on an APSC are commonly used for outdoor crime and accident scenes. The 50 mm
focal length on a full frame camera or 35 mm on an APS-C camera are
commonly used for mid-range or medium closeup views both to minimize
distortion and to let you work at a comfortable distance from the subject.
Caveat: Most lenses including all zooms have a certain amount of
inherent distortion, optical and perspective. Click HERE to see the Wikipedia article on optical distortion. Click HERE to see an article on perspective distortion.
Advanced DSLR cameras starting with the Nikon D7000 in 2010
have built-in firmware that will correct optical distortion if you're using a
supported Nikon lens. This feature must be enabled during setup. Perspective distortion is a function of distance, focal length and the degree of
enlargement.
A macro lens should be used for forensic-quality or exhibit-grade
photos of relatively small articles of evidence such as handguns, knives,
shoe prints, tire tracks, tool marks, fingerprints and blood spatter where
maximum image quality is required. The 100-105 mm focal length on a
full frame camera or the 60 mm focal length (90 mm equivalent) on an
APS-C camera allows sufficient working distance to position the camera
and to light the subject.
A macro is a lens optimized for closeup photography. If you want to
take high quality head and shoulders identification photos, a macro will do
nicely. A macro might be too sharp for a flattering portrait because it will
bring out every wrinkle, wart and blemish. Portrait photographers generally use a soft lens to minimize the need for retouching.
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A general purpose zoom such as an 18 - 140 mm on a Nikon APS-C
camera or an 18 - 135 on a Canon APS-C camera and a 60 mm macro will
do nicely for most crime scenes with one word of warning.
Decide what focal length you intend to use for a given series such as
18 mm for your overall views and 24 or 35 mm for medium closeups.
Zoom to the marked aperture that you intend to use and leave the zoom
control alone until you finish the series.
If you're obliged to log every photo, the log may call for the exact
focal length used to take the picture. If you're obliged to produce a copy of
your EXIF file, the focal length in the EXIF file should match the focal
length listed on the log and in sworn testimony already on record.
Don't impeach yourself. It's easy to either bump the lens barrel or
fiddle with the zoom ring to improve the composition of a shot when you
can't conveniently get a little closer or stand a little farther back.
There are, to be sure, lenses that go much wider than 28 mm on a full
frame camera or 18 mm on an APS-C camera. During the film era, I carried a 20 mm lens that I rarely used and a 24 mm lens that I often used in
really cramped quarters like electrical closets and sprinkler valve rooms
when I was called in on a fire investigation.
The Nikon 16 - 80 mm lens on an APS-C camera is equivalent to 24 120 mm on a full frame camera. The original 24 - 120 mm lens, commonly
known as the street sweeper, was much-favored by newspaper reporters. If
I had $1,100 to spare I'd buy the Nikon 16 - 80 mm lens in a heartbeat both
for the extra wide angle coverage and the faster f/2.8 maximum aperture.
Reading Ross Gardner's excellent Practical Crime Scene Processing
and Investigation, I ran across a paragraph which indicated that argumentative defense attorneys like to see a little of the floor and a little of the ceiling in any photo purporting to be the entire wall.
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Short of carrying an expensive 16 - 80 mm lens that will rarely be
used unless you find yourself working in a preponderance of very small
rooms, the solution is to take overlapping views from each camera position.
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Chapter 3.7
The "Normal" Lens
This chapter may be relevant to investigators shooting crime scene
reconstructions. See The Normal Lens, Perspective Distortion and Correct Print Viewing Distance for more information.
You may, on occasion, hear the term "normal lens." You may even
be challenged by an attorney if you are brash enough to present a photo
taken with something other than a "normal" lens, the implication being that
wide angle, telephoto and macro lenses are abnormal.
For the record, telephoto lenses are normal for surveillance, sports
portraiture and wildlife. Macro lenses are normal for fingerprints, footprints, tire tracks, firearms, tool marks, coins, bugs, flowers and postage
stamps. Wide angle lenses are essential for landscapes, architecture and
cramped interiors.
Questions concerning "normal lenses" are likely to arise in connection
with crime scene reconstructions in which it is desirable to demonstrate
what an individual could see from a certain vantage point.
This can be a problem for photographers using cameras equipped
with a zoom lens covering the range from moderate wide angle to moderate
telephoto. The wide angle setting is convenient when you can't back up.
The telephoto setting is convenient when you can't get close.
If you foresee that a "normal" lens or the lack thereof might be a
make-or-break issue in an important trial, you or your department may be
obliged to purchase a full frame DSLR such as the 36 MP Nikon D810 or
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the 30 MP Canon 5D Mk IV and a "normal" 50 mm prime lens to go with
your zoom, telephoto, macro and wide angle lenses.
The first reference that I can find to the so-called normal lens in evidence photography is Photography in Criminal Investigations by Charles
C. Scott, published in 1938. You can read this document in Northwestern
University's Journal of Criminal Law and Criminology at
http://scholarlycommons.law.northwestern.edu/jclc. This is an excerpt
from Scott's book Photographic Evidence, originally published in 1935.
According to Scott, "By common usage a lens is said to be of normal
focal length when its focal length is about equal to a line drawn diagonally
through the two corners of the film size being used." Scott was both a
lawyer and a photographer so we can assume that the term "normal lens"
goes back prior to 1935.
Similar statements can be found in Kodak's Photography in Law
Enforcement, Modern Photography for Police and Firemen by Sam Sansone, Police Photography by Larry Miller and Crime Scene Photography
by Edward Robinson. I'm sure that a diligent paralegal could come up a
long list of publications extoling the virtues of normal lenses generally and
the 50 mm focal length in particular.
Visit http://en.wikipedia.org/wiki/image_sensor_format. The folks at
Wikipedia have compiled the diagonal of all common and many uncommon sensor formats. The diagonal of a 35 mm negative or the sensor in a
full frame digital camera is 43 mm, not 50 mm as often claimed.
Be that as it may, 50 mm is considered a normal lens on 35 mm film
cameras and full frame digitals. How did this come about? Perhaps the
answer can be found at http://www.overgaard.dk/leica_history.html.
Between 1913 and 1924, Leitz engineer Otto Barnack designed the
world's first 35 mm rangefinder camera. When management decided to
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produce the camera commercially in 1924, Leitz engineer Max Berek designed a 50 mm f/3.5 lens. Their brainchild, the Leica Model A, was rolled
out in 1925 and the rest is history.
Why 50 mm? Fifty millimeter lenses are among the most economical
to manufacture. For any given aperture, the 50 mm focal length will be
appreciably less expensive than comparable wide angles and telephotos
with the same aperture. Here's proof from Nikon's web site:
24 mm f/1.4 AF-S G - $2,199.95
35 mm f/1.4 AF-S G - $1,799.95
50 mm f/1.4 AF-S G - $484.95
85 mm f/1.4 AF-S G - $1,699.65
These are all AF-S G lenses. The older AF-D and AI-S lenses are
less expensive but we're comparing apples to apples.
Before zooms became popular, 35 mm cameras were typically sold
with a 50 mm lens for the same reason that digital cameras are usually sold
with a zoom. First time buyers can't take pictures without a lens so it
makes sense to bundle the camera with an inexpensive lens. The notion
that there is magic in the 50 mm focal length can be dismissed as a combination of happenstance, tradition and manufacturing economics.
Dr. Marc Green in Photographs versus Reality explains why one
should not rely on photographs to prove what can and cannot be seen from
a given vantage point or under a certain lighting condition. We look for
simple answers such as "always use a normal lens" but the answers that we
seek are not always simple, not when courtroom photos are displayed in
prints ranging in size from 4 x 6 inches to 40 x 60 inches, on 72" HDTV
displays and all manner of digital projection systems.
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Chapter 3.8
Accessories
I haven't purchased a third party lens or flash that was worth the price
that I paid. Hayden Baldwin reports that his students have had problems
with third party off-camera flash cords.
Be skeptical of anything that a salesman tells you. Their commission on
a third party product may be higher than on a Canon or Nikon product.
Professional Flash Units
Most cameras include a popup flash
good for ten or fifteen feet but you'll need
a shoe-mount flash for most outdoor and
many indoor scenes. I recommend buying the camera manufacturer's flagship
flash because you'll need all the light that
you can get to cover a large scene.
You will also want a flash extension
cord because the ability to use your flash
off camera is essential for closeup work. I
recommend the Nikon SC29 with an oncamera focusing light or the similar Canon OC-E3.
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Tripods
You can expect to pay $300 or more
for a good tripod. The discontinued
Giottos MT9313 shown here and the
similar Manfrotto MK055-XPRO3
have an articulated center column
which can be adjusted to position the
camera as required for closeup work.
Manfrotto, Giottos and Gitzo in
their heavy duty incarnations are professional tripods. You won't find them
at Best Buy or Walmart. You will have to order on line or visit a store
catering to the professional trade. You will also need a cable release specific to your camera to trip the shutter without setting up vibrations during
exposures longer than 1/30th of a second.
If the weight of an aluminum tripod is a problem, consider the
$458.50 carbon fiber Manfrotto MT055CXPRO3 with an XPRO-BHQ2
ball head. It's lighter than identical aluminum tripod, sturdy enough to
support a professional DSLR and tall enough to let a tall photographer
work without bending over. Spending my own money, I'd opt for the
XPRO-BHQ6 head with the sturdier Top Lock quick release system.
Monopods
Monopods are commonly used by sport, wildlife and surveillance
photographers shooting with telephoto lenses under conditions precluding
the use of a tripod. They also have applications in closeup photography
when you can’t shoot handheld or maneuver a tripod into position.
A monopod with an articulated head can be used to take a series of
photos at a specific height, such as recording what can be seen by the driver

103

of a low-slung sports car. A monopod with a long remote release can also
be used take overhead shots of a body in a bathtub or in an open grave.
There's never a ladder around when you need one.
Standard Accessories
The things that you need to get started in addition to a camera, lenses,
a flash, an off-camera flash cord, a tripod and a cable release are a camera
case, a supply of memory cards, a lens hood (if you didn't get one with your
lens), spare batteries and a few odds and ends.
I suggest Hoya Pro1 Digital UV filters for your most-used lenses.
They're expensive but they'll provide your lenses with decent protection.
You can expect to pay upwards of $100 for a good all-weather camera case. Get one larger than you think you need because you'll inevitably
accumulate extra gear. I'm partial to Pelican but everyone has their favorite.
Everyone needs a lens cleaning kit. I suggest the one ounce screw
cap bottle of ROR (residual oil remover) and several washable micro-fiber
cleaning clothes. You'll also need a sensor cleaning kit even if your camera
has a self-cleaning mode. See http://www.cleaningdigital-cameras.com.
Get memory cards large enough to shoot an entire scene. Carry as
many cards as you need to avoid running out. Use only cards recommended by the camera manufacturer and specified in the camera manual. Use a
fresh memory card for each scene and format the card in your camera.
High end cameras such as the Nikon D7200, the Nikon D500 and the
Canon EOS 7D Mk II will let you load two memory cards, providing incamera backup as you shoot. Memory cards can and do go bad from time
to time. Buying high quality cards and using two mirror-image cards in
your camera is your only real protection.
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Other accessories that I recommend are a Lumiquest Pocket Bouncer
and one or more focusing flashlights.
I keep a 1075 lumen Coast HP550 in the door pocket of my truck, a
625 lumen 3D Maglite in my tool tote and a 360 lumen Coast HP7 in the
center console. The Maglite can administer a percussive attitude adjustment such be necessary. I have several Coast, Maglite, and LED Lenser
flashlights scattered around the house. Work nights long enough and you'll
soon learn to love your flashlight.
Batteries
Flash units eat batteries. Duracells can be purchased anywhere. Use
Energizer Ultimate Lithiums in sub-zero weather. If you're shooting every
day, you might want to consider rechargeable Enloops.
Inclement Weather Protection
Of late, I've been buying disposable Op-Tech Rainsleeves from B&H
and keeping a pack or two in my accessory tote. At eight bucks a pack
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with two in each pack, this is protection that you can't afford to be without.
If you frequently encounter stormy weather, the Manfrotto E-705-PL
replaces the now-discontinued Kata rain sleeve. Eighty dollars from B&H.
I had the original Kata for my F4 but it disappeared in the move from Texas to Colorado. Op-Tech or Manfrotto, order the model to fit your flash.
Odds and Ends
I've yet to meet a pro who carried just one camera. The second camera can be an older DSLR or even a pocket camera but it's good insurance
in case your primary camera fails.
Check out the Manfrotto Super Clamp and Magic Arm systems at
http://www.manfrotto.com. Go to http://www.joby.com and take a look at
their Focus Gorilla Pod. What could be handier for closeup work?
Everyone needs a Kodak gray card, available at any camera store
worthy of the name. The traditional applications are taking a spot reading
from a surface of known reflectance or using the white side of the card to
set a custom white balance.
Like many old timers, I carry a handheld exposure meter. The L358
Sekonic is an incident meter that can measure both ambient light and flash.
Incident meters are inherently more accurate than in-camera meters under
uncertain lighting conditions. Not recommended but nice to have.
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The ZTS Mini-Tester from B&H will let you test all commonly used
photo batteries. Even the best batteries can fade when not in use. Heavily
used batteries can fade so gradually that you don't know you're in trouble
until they fail completely. At $36, a tester is cheap insurance.
I recommend including a Pelican-brand dehumidifier cartridge in
every camera case. At twelve dollars each, this is protection that you can't
afford to do without in both working camera cases and the Ziploc freezer
bags commonly used to store cameras (without batteries!) that are not
currently in use.
Often, the sound captured by
interview room video cameras
leaves something to be desired.
Martel Electronics offers a complete line of recording equipment
for the legal and law enforcement
professions. The pictured interview
room recorder records to a USB thumb drive and then allows the operator
to burn the recording to a time-stamped CD. About $1,200.00.
Martel carries a full line of voice-activated handheld recorders designed for both dictation and interviews.
Generally, audio recordings used in court must be transcribed. Having transcribed many audio surveillance logs, I can tell you from personal
experience that it's no fun. Dragon Naturally Speaking will ease the pain.
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If I should need a good handheld
recorder in a hurry, I'd pass on the offerings at Walmart and Office Depot. Been
there, done that, wasn't happy.
Instead, I'd go to the Guitar Center
in Colorado Springs. Last time I was
there, they had a Tascam DR-05 two
channel stereo music recorder for ninety
bucks.
Tascam is a division of TEAC and
I've used TEAC audio equipment in the
past. Musicians are more persnickety
about the fidelity of their recordings than
doctors and lawyers so I'd expect above
average sound quality.
As far as I know, Tascam doesn't
make a voice-activated recorder but with a
Record On-Off button under my thumb, I
can live without voice activation. The
singular advantage of the Tascam is that I
can go to Guitar Center and check out
their display model before plunking down my hard-earned cash and walking out the door, recorder in hand.
Whether you're doing a solo surveillance or working a crime scene
without an assistant to take notes while you're shooting, a handheld recorder is useful, perhaps even essential.
If you're a smartphone user, check out the many dictation apps available for both Apple and Android products. Why carry a voice recorder
when you already have one built into your phone?
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Chapter 3.9
Scales and Markers
Scales and markers are an essential part of every crime scene investigator's kit. See http://www.orcforensics.com to get an overview of what's
available. A first responder can probably get by with a six inch ruler while
an investigator processing felony crime scenes will need a comprehensive
set of scales and markers.
We all know that markers are used to tie specific items found at the
scene to evidence tags, diagrams and so forth. To this I would add:
Carry enough markers to identify every item in the scene, preferably of the same type and numbered consecutively.
Use markers in sequence. If a marker is lost, order a replacement
before using that set at another scene.
Scales should be in proportion to the subject. Do not use an ABFO scale for footprints. Do not use a framing square for bite
marks.
Defense attorneys love to find a weak link in your testimony. If your
markers go from 17 to 19 without an 18, a shrewd attorney could easily
ignore the markers that are there and hammer you on the missing marker.
Try to get at least one shot of every scaled object with the camera
perpendicular to the object and the scale, eliminating a form of perspective
distortion known as keystoning, illustrated on the following page.
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A properly positioned scale can help a Photoshop operator correct
keystoning and make a life-size print in which one inch on the scale equals
one inch on the print. The camera-original photo on the left was taken at an
oblique angle with the camera slightly canted. The photo on the right was
adjusted in Photoshop.

At least one photo in each sequence should be taken with the camera
perpendicular to the subject using off-camera flash to control reflections
with the scale parallel with the long axis of the subject and the camera
perpendicular to the subject, as shown on the following page.
A DSLR with an external flash, a diffusion dome and an off camera
flash cord solves these problems. Reflections can wash out detail in both
the subject and the scale.
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This is a properly scaled photograph and what we want to see whether
the subject is a knife, a gun, a footprint, a tire track or a bloodstain. When
the camera is perpendicular to the subject and the photo is free from reflections, the size of the subject can be accurately determined.

This photo of the author's size eighteen New Balance sneaker is
worthless without a scale. With a scale, an analyst can match the size and
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tread pattern to the manufacturer. Without a scale, an observer can only
say, "Well, the guy must have had big feet," which lacks the precision
required in forensic work.

You can buy a basic scale kit from forensic supply houses for fifty or
sixty dollars. The only thing missing from this kit is a Bureau scale for
shoe prints. If you have a warped scale or need to mount a scale on a vertical surface, use a small dab of adhesive wax, Bard's Tacky Wax or an inch
or two of double-side Scotch tape.
When the time comes to replace
your existing teepee style markers, spend
a little extra to get markers numbered on
all four sides such as this cone-shaped
version from Sirchie. This will ensure
that the marker number is visible regardless of what angle you're shooting from.
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Chapter 3.10
Canon XA30 Video Camera

Unlike other cameras in the $2,000 price range, the Canon XA30 has
a control that will allow you to move the infrared filter out of the light path,
making the camera suitable for low light surveillance as well as crime
scenes and training videos. Photo courtesy Canon.
I spent many a long, lonely night in the darkroom push-processing
surveillance photos shot on Tri-X and 2475 Recording Film. Then I got
smart and purchased a Sony Nightshot video camera. The Canon XA-30 is
today's high definition equivalent of my long-defunct Sony Nightshot.
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At least one Texas television station purchased the earlier Canon
XA10 camera for reporters who accompanied Border Patrol agents on their
nightly rounds in the scrub and cactus country adjoining the Rio Grande.
The XA30 is a compact camcorder with a 26.8 - 576 mm (35 mm
equivalent) zoom lens. In the night mode (which shifts the IR filter out of
the light path), 0.1 lux will provide a useable image. 0.1 lux is moonlight.

Don't expect a $2,000 camcorder to equal the picture quality that you
can get from a $10,000 Sony PMW-320K. On the other hand, the XA30 is
the largest camcorder that I'd want to deal with on a mobile surveillance.
Photo courtesy Sony.
If surveillance is not a requirement, Sony, Canon, Panasonic and JVC
make dozens of camcorders in the $500 to $1,500 price range that should
satisfy less demanding requirements nicely.
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Chapter 3.11
Adequate for the Intended Purpose
These days, I would not be unduly concerned about the picture-taking
qualities of a camera per se. Any high end camera from a first tier manufacturer purchased within the last few years will take decent pictures outdoors on a sunny day. I'd be concerned about:
The quality of the eye level viewfinder.
The quality of my lenses.
Low light performance at high ISO numbers.
Effective auto-focus and auto-exposure systems in low light.
The performance of my flash on and off camera.
The stability of my tripod.
Durability, especially under adverse weather conditions.
Responsive handling so you can work fast and efficiently.
You can't judge picture quality by what you can see on a laptop
screen. If you want to know what your camera can do without making 20 x
30 inch test prints, the least expensive monitor that I can recommend is the
27" Dell U2717D with 1440 x 2560 pixels at $419.00.
If color fidelity is important than price, you can opt for the colormanaged 27" Eizo CG277 with 1440 x 2560 pixels at $2,426.
I'm a believer in making 300 PPI prints on premium glossy photo
paper from large/fine JPEGs at the camera's maximum native resolution,
whatever that might be. Shoot your test pictures under a variety of conditions, including large outdoor scenes using flash.
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Test under operational conditions to assess handling qualities for
people with large and small hands, flash coverage indoors and out, suitability for fingerprints and trace evidence, et cetera. If you live in a cold climate, see how your camera handles in sub-zero temperatures.

Nikon D70. SB800 flash. 18 - 70 mm lens. Program mode. Auto
ISO. This is the DSLR equivalent of a point and shoot flash picture. The
photo was imported into the MS Word manuscript exactly as shot.
Operational tests need not be fancy. At fifty feet from the near corner, our neighborhood Rapid Lube provided a satisfactory test of the camera and flash unit. The security light between the overhead doors provided
ample illumination to secure fast auto-focus confirmation.
A good tripod with an articulated center column such as the Manfrotto MK055XPRO3-BH makes it possible to take better fingerprint, foot-
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print, tire track and tool mark photos than you can get shooting handheld or
with a conventional tripod intended for landscape work.
Reality Check
I suggest Manfrotto MK055XPRO3 aluminum tripods for evidence
photographers using an advanced APS-C cameras such as the Nikon D7200
with the relatively light and handy lenses that compliment such cameras.
The $360 price tag is commensurate with the tripod's ability to support an
APS-C camera and a 70 - 300 mm lens.
If you're considering a Nikon D5 or a Canon 1DX Mk with the heavy
lenses associated with professional cameras, consider a heavy duty Really
Right Stuff carbon fiber tripod with a panorama-enabled ball head, a quick
release plate and an eye-watering $2,000 price tag.
You can probably get by with a less expensive tripod if you'll never
use a lens longer than 400 mm or a 70 - 200 f/2.8 with a 2X extender giving
you the equivalent of a 140 - 400 mm f/5.6 zoom with a relatively small
footprint in your camera case.
However, these professional cameras might justify acquiring a lens
such as the Canon's 800 mm f/5.6 weighing a hefty ten pounds and carrying
an equally hefty $12,999.00 price tag.
You'll see such lenses in the hands of National Geographic wildlife
photographers and sports photographers shooting the Olympics, the Kentucky Derby and the Indy 500. While thirteen grand might be a little too
rich for your blood, you can rent an 800 mm f/5.6 from lensrentals.com for
roughly one hundred dollars a day.
If you are thinking about purchasing a 1DX Mk II or a Nikon D5 and
contemplate buying or renting a super-telephoto lens, it behooves you to
evaluate your tripod based on the longest and heaviest lens that you can
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reasonably expect to use. Otherwise, you might end up having to buy a
new $2,000.00 tripod on short notice.
The same goes for flash. In 2016, Nikon's SB-5000 and Canon's 600
EX-RT have roughly the same 60 watt-second light output as the original
Vivitar 283 introduced in 1972. Outdoors, I can get an honest fifty feet
from a 60 watt-second flash in the auto mode at ISO 1000, one hundred
feet or more in the manual mode at ISO 6400.
If you need more than fifty feet on a regular basis and your tests with
the camera manufacturer's flagship flash unit failed to impress? Consider:
Quantum Q-Flash T5-DR ($1,330)
Quantum Q-Flash Trio for Nikon ($1,269.00)
Quantum Q-Flash Trio for Canon ($1,449.95)
Metz 76 MZ5 ($844.95)
Norman A400 ($1,550.00)
These are professional units popular with wedding and event photographers who need all the light they can get.
The Norman flash is strictly a manual affair for those willing to
develop their own guide numbers and estimate distances.
The Quantum and Norman flash unit come with reflectors that will
cover a 35 mm lens. You will need to order optional diffusers or
reflectors if you routinely shoot with a wider or longer lens.
The Quantum and Norman flash units require an outboard battery
clipped to your belt. Don't be surprised if the power cord gets
wrapped around the butt of your gun. Ask me how I know.
I suggest ordering from a dealer that can arrange for an on-site
demonstration.
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Chapter 4.1
Building a Kit
The emphasis in subsequent chapters is on advanced digital single
lens reflex cameras because these are the cameras commonly used by full
time crime scene and accident investigators working for a well-funded
department. Many entry level cameras have a similar feature list but access
to those features might be buried within a non-intuitive menu system.
My Nikon D7000 has twenty-five buttons, dials and switches on the
body plus four on the lens barrel. The Canon 7D Mark II has a similar
control count. The better mirrorless cameras from Olympus, Fuji, Panasonic and Sony have their fair share of dials, buttons and switches. Their claim
to fame is small size and light weight rather than simplicity.
Advanced camera controls, while confusing to the uninitiated, give
experienced photographers fast access to the features required to ensure an
accurately focused, properly exposed photo under adverse conditions.
If you know how a DSLR photographer might approach a given problem, you can figure out how to apply the same approach using a compact
camera.
A pocket camera user can get
by with a case just large enough to
protect the camera. This is Mrs.
McMicken's purse camera.
Someone with a more advanced
camera will want a case large enough
to accommodate the camera, an ex-
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ternal flash, spare batteries, a cable release and an off-camera flash cord.
This will require a well-padded case with good dust- and weather-sealing.
If you're using a department-issued camera, it is reasonable to suppose that the department will issue a case large enough to accommodate the
camera and all of the required accessories.
If you're spending your own money, and many police photographers
do exactly that, you can bet that the first case you buy will be too small.
You're need for lenses and accessories will grow as you gain experience
and start taking on more demanding assignments.
Whatever your camera, I recommend good flashlight such as the 1075
lumen Coast HP550 adjustable from spot to flood, $70.00 at Walmart.

Look for a tripod with a spirit level to ensure that the tripod is perfectly level. A pad of ruled 3 x 5 index cards with a Sharpie pen is handy for
creating notes that can be included in your first shot to document the date,
time and case number.
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The Nikon SC29 off-camera flash cord is an essential accessory for
photographers using use off-camera flash to control reflections and crosslighting to bring out detail in impression evidence such as fingerprints,
footprints and tool marks.
The author's kit includes a
Nikon D7000 camera with an 18 105 mm lens, a 60 mm macro, a 50
mm f/1.4 prime, a 70 - 300 telephoto, an SB-800 flash, an SB-29 off
camera flash cord and a Sekonic
L358 incident light meter in a Pelican 1520 case.
Often, I'll replace the handheld light meter with a Canon G15
backup camera which fits in the
same slot. It depends on what I'm
doing and whether or not I'm carrying my backup kit.
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The author's backup kit includes a Nikon D70 with an 18 - 70
mm lens, a 70 - 210 telephoto and
an SB-22s flash in a Seahorse case.
The entire kit can be replaced for
around $650 at keh.com, although
I'd probably opt for a larger case and
a newer camera with an SB-800
flash.
The tote holds a Joby Gorillapod, a Manfrotto Super Clamp,
a Manfrotto focusing rail, a six inch
scale, 25 and 100 foot tape
measures, a pack of Op-Tech
Rainsleeves, a Lumiquest Pocket
Bouncer, a Lumiquest Softbox,
spare batteries, a Coast HP7 flashlight and a 625 lumen 3D LED
Mag-Lite. This is in addition to the
flashlights that usually carry in my
truck.
Not shown: Manfrotto and Giottos tripods, a Giottos monopod, a
Streamlight Poly-Tac and a Leatherman Wave multi-tool. Don't leave
home without your Leatherman Wave and a good flashlight, even if you're
just running to the store for a loaf of bread.
Click HERE to see a concise article by Sanford Weiss on the importance of building a proper photographer's kit, the digital equivalent of a
patrol officer's war bag. Weiss is the author of Forensic Photography: The
Importance of Accuracy, a forensic imaging consultant and an EPICcertified evidence photographer.
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This truck, custom made for the Colorado Bureau of Investigation,
will haul all of the equipment needed by a crime scene investigator, including a camera and the many accessories associated therewith, while navigating rough terrain. Note the light mast to facilitate processing large outdoor scenes at night. Photo courtesy SVI Trucks.
Bear in mind that photography is just one small piece of a very large
puzzle. Forensic Magazine and the Department of Justice have collaborated on a two page list of the materials required to process a felony crime
scene. You'll find an annotated version on the following pages.
The notion that a CSI can process a felony crime scene using nothing
more than a six inch scale, a twenty dollar print kit and a ninety dollar
camera assumes a fact not in evidence.
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This annotated list is courtesy of Forensic Magazine and the DOJ.
Now you know why full time crime scene investigators almost invariably
drive a truck of some kind.
Essential Items:
Bindle paper (commonly used to package trace evidence)
Biohazard bags
Bodily fluid collection kit (kits for blood, semen, DNA, etc.)
Camera (DSLR with zoom, macro and telephoto lenses)
Flash (with diffusion dome and off-camera flash cord)
Tripod
Memory cards
Spare batteries
Evidence seals/tape
Flashlight(s) with extra batteries (, tactical, forensic, focusing)
Footwear casting materials (dental stone preferred)
Graph paper and pencils, small ruler or straight edge
Latent print kit (from $20 to $2,500)
Measuring devices (tape measures, laser rangefinders, etc.)
Multifunction utility tool (such as the Leatherman Wave)
Notebook
Paper bags (small, medium and large)
Permanent markers (Marks-A-Lot or Sharpie)
Personal protective equipment (gloves, boots, goggles, Tyvec)
Placards (presumably, they're talking about numbered markers)
Plastic resealable bags (that's bureaucrat for Ziploc)
Scales for photography ($50 or $60 for a good assortment).
Spray paint, chalk, etc. (Krylon "Upside Down" Utility Paint)
Syringe/knife tubes (aka evidence tubes, cardboard gun boxes)
Tweezers (steel for splinters, disposable plastic for evidence)
Fingerprint and tool mark casting material
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First aid kit with Betadine and sterile eye wash
Optional items:
Audio recorder
Biohazard labels
Bloodstain pattern kit (plus Hemascein or Luminol)
Backup camera (compatible with primary camera)
Chemical enhancement supplies (this could mean anything)
Cutting instruments (knives, box cutter, scalpel, scissors).
Directional marker (compass rose)
Magnetic compass
Distilled water (for mixing chemicals and irrigating injuries).
Entomology (insect) collection kit.
Evidence collection containers (from Tupperware to body bags).
Evidence identifiers.
Extension cords (heavy duty outdoor three wire grounded).
Fingerprint ink pad and cards for elimination prints.
Flags (presumably wire surveyor flags).
Forensic light source (from $125 to $25,000).
Generator (Forest Service approved, full wave rectified).
Gunshot residue kit (for testing a suspected shooter's hands)
High-intensity lights (preferably on stable eight foot stands).
Labels.
Laser trajectory kit (lasers, trajectory rods, angle finders, etc.)
Magnifying glass (also a jeweler's loupe)
Maps
Marker stickers such as numbers, letters, arrows, scales.
Metal detector (small for bullets in walls - large for cases grass)
Mirror (for looking over, under and behind things)
Nail clippers for collecting debris under fingernails.
Phone list with important numbers.
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Pocket knife (redundant if you have a Leatherman tool).
Presumptive blood test supplies
Presumptive drug testing supplies
Privacy screens (excellent for annoying TV reporters)
Protrusion rod set (same as trajectory rod)
Rakes (and perhaps a shovel for clearing wooded dump sites)
Knife with blades that can be broken off after each use
Reflective vest
Flares were listed in the original DOJ document
Refrigeration or cooling unit (to preserve perishable evidence)
Respirators with filters (verify NIOSH approval for hazards)
Roll of string (useful for tying things and plotting trajectories)
Rubber bands.
Screen sifters (evidence recovery in sand, gravel, graves, etc.)
Sexual assault evidence collection kit (not a hospital rape kit)
Shoe print lifting equipment (presumably an electrostatic lifter)
Snow wax (for casting shoe prints and tire tracks in snow)
Tarps to protect evidence from the weather
Templates (scene and human) (from forensic supply houses)
Thermometer.
Tool kit (something always needs fixing or dismantling)
Traffic cones.
Waterless hand wash with germicide
Paper towels
Little Giant folding ladder for overhead shots and attic access.
Pelican 9440 battery powered LED Area Lights
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Chapter 4.2
Let There Be Light

Daylight aside, for folks on a modest budget, flash is the most convenient form of light because it's always available. However, there are
other forms of light that you should be aware of.
Students are obliged to look for field-expedient sources of light to
demonstrate a particular skill without going bankrupt. A clip-on light from
the hardware store will solve many problems. As long as you have an
outlet and an extension cord, you can use a 100 watt PAR 38 lamp for
closeups, large interiors and many outdoor shots.
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An LED video light such as this model from Manfrotto/Lykos
mounted on the camera's hot shoe or a focusing flashlight mounted on a
Manfrotto Super Clamp can solve a long list of closeup lighting problems.
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A photographer working a
large outdoor scene at night without
an assistant to hold his or her flashlight is at a serious disadvantage.
My solution is a 1075 lumen
Coast HP550 focusing flashlight in a
Manfrotto SuperClamp mounted on
a discontinued Giottos MM5580
monopod with a screw-in legs stored
in the bottom section. Similar monopods are currently available from
Manfrotto and Oben.
With the flashlight in the spot
mode, I can focus on a target up to
100 yards away. In the flood mode,
I can shoot close range stills and
video. This is a handy setup because
I always carry a couple of Coast
HP550 flashlights in the truck and
the monopod and SuperClamp go
with me when I'm working at night
and/or with a telephoto lens.
Hayden Baldwin reports good
success with a Neewer 160 LED
video light and an inexpensive Dolica tripod. While I don't have a Dolica tripod, I do have a couple of inexpensive of light stands serving the
same purpose.

129

The Lowel ID light is available in
a 100 watt DC version requiring a
12 VDC battery pack and a 250
watt AC version. Both versions
can be focused from spot to flood.
The DC version can be cameramounted. Both versions can be
mounted on standard light stands,
handy for closeup work.

The Lowel DP light can be used
with 750 or 1,000 watt quartz
lamps and focused from spot to
flood. AC only. Suitable for use
on standard light stands or with an
optional handle.
Lowel products are affordable and
generally adequate for the intended purpose. Be sure to purchase
heavy duty light stands. The
cheap ones won't take much
abuse.
The Honda EU2000 is rated at
1,600 watts sustained. It can
power a pair of 750 watt DP lights
or twenty 65 watt continuous
spectrum compact fluorescents.
A 100 watt ID light with a battery
pack, two DP lights with 750 watt
bulbs, two HD light stands and a
Honda EU2000 comes to around
$1,750, constituting an outfit that
is both versatile and portable.
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A pair of Impact FL-12 500
watt reflectors on nine foot LS96HAB stands will solve many
lighting problems both on location
and in a lab or studio setting. A
pair will set you back around $200
from B&H. While traveling, I use
GE PAR 38 250 watt floods because they stand up to rough treatment better than other lamps.

A heavy duty Honda EU6500
wheeled generator rated at 5500
watts sustained and a pair of Bulldog 2000 watt lights on twelve foot
wheeled stands is a reasonably
portable outfit that can be transported on a utility trailer with a ramp for
loading and unloading. Photos
courtesy northerntool.com.
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When the going gets tough, the tough put in a call for 4,000 watt
generator-powered towed light towers such as this model from Pacific
Tool. In metropolitan areas, a civil defense or fire-rescue commander
should know where to locate light towers on short notice.
Reality Check
At the end of the day, the one consistently reliable and available
source of lighting is a professional electronic flash unit along with plenty
of spare batteries. This, along with a good flashlight, are the two light
sources that you can control without depending on backup units.
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Chapter 4.3
Camera Setup

The photo on the left was taken during the height of a thunderstorm,
using the program mode, matrix metering and auto white balance at ISO
200. I'd have been better off setting a Cloudy white balance and taking a
spot meter reading from the engine's undercarriage.
The photo on the right is the same JPEG after a fast tweak in Faststone. You can usually rescue under-exposed photos in any good editor
such as Faststone, Gimp, Lightroom, Photoshop or Photoshop Elements.
No amount of Photoshop legerdemain can rescue a photo that is seriously over-exposed, over-saturated, over-sharpened or out of focus. Set
your camera defaults accordingly. It is better to take bland pictures that can
be perked up during the editing process than trying for perfect in-camera
JPEGs that require no editing to produce a good print.
While the better cameras have certain features in common, the placement and manner of setting these features varies from camera to camera.
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Some factory defaults may not be what we want when taking evidence
photos.
Many cameras have a menu option that resets everything to the
factory defaults, handy when you inherit a camera from another user.
Advanced cameras such as the Nikon D7200 and the Canon 80D have userprogrammable settings that will let you return to your preferred defaults.
Whether you buy a new camera or inherit an older camera, read the
manual. If your camera came without a manual, you can download one
from the manufacturer's web site or one of the Internet services specializing
in older camera manuals. The following settings will get you started:
Shooting Mode

The better cameras have four shooting modes: Program, Shutter Preferred, Aperture Preferred and Manual, usually abbreviated PSAM, plus
auto on digital models. The photo on the left is an unremarkable bridge
camera subsequently passed on to someone who needed it more than I did.
The photo on the right is a Nikon F4 purchased in 1993.
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Do not expect to find familiar nomenclature every time you pick up
an unfamiliar camera. Canon calls their shutter preferred mode Tv, for
Time Value, and their aperture preferred mode Av, for Aperture Value.
Cameras intended for the consumer market invariably have scene
modes (commonly known as idiot modes) of one kind or another. Point
and shoot cameras can always be used in the Auto mode if adjusting the
shutter speed, aperture, ISO and white balance via the menu proves to be an
exercise in frustration.
Advanced DSLR cameras can be used in the Auto mode but this
defeats the purpose of buying an advanced DSLR. DSLR users will get
better results learning to shoot in the Program, Shutter Preferred, Aperture
Preferred and Manual modes as dictated by current conditions.
In the Program mode, the camera sets the shutter speed and aperture while you set ISO and white balance independently.
In the Shutter Preferred mode, you set the shutter speed, ISO and
white balance while the camera sets the aperture.
In the Aperture Preferred mode, you set the aperture, ISO and
white balance while the camera sets the shutter speed.
In the Manual mode, you set everything to suit yourself.
In the Auto mode, the camera sets the shutter, the aperture, ISO
and white balance. All you have to do is press the shutter release.
Since there are no universal standards for auto and scene modes, what
works on one camera might fail on another. An experienced photographer
will usually obtain better results using the PSAM adjustments, setting ISO
and white balance to correspond with current lighting conditions.
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Metering Modes
The better cameras give you a choice of Matrix (Nikon) or Evaluative
(Canon), Center-Weighted and Spot Metering. Matrix and Evaluative
mean the same thing. Select Matrix as your default. Center weighted and
spot work well with flash, when you're shooting a backlighted subject or
when you're working under high contrast conditions.
Shutter Mode
You may be obliged to choose between single frame, slow speed
continuous, high speed continuous and video, to name a few possibilities.
For evidence photography, take one picture at a time in the single frame
mode. High speed continuous is useful for sports and surveillance.
Focus Mode
Snapshot cameras should be left in the auto-focus mode. Common
DSLR options include Single Frame Autofocus, Continuous Autofocus and
Manual. Set Single Frame Autofocus and select the center focusing sensor
as your default. This will give you predictable results for static scenes.
Continuous autofocus uses all of the available focus sensors to track a
subject in motion, useful for sports and surveillance. Manual focus is often
required for low light and closeup photography.
Turn off gimmick modes such as redeye reduction, face detection,
blink detection, closest subject, et cetera. These modes can cause the camera to focus on something other than the object of primary interest.
Some cameras will let you select between focus priority and shutter
priority. In the focus priority mode, the camera will not take a picture if the
auto-focus system has not locked in on the central subject. In the shutterpriority mode, the shutter will fire whether or not the picture is in focus.
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Select focus priority for crime scene work. Learn to use your camera's focus confirmation indicator and focus and exposure lock controls, the
nature of which will vary from camera to camera.
Vibration Reduction
Vibration reduction, under one name or another, is standard on most
cameras. On a snapshot camera, this can be turned on or off somewhere in
the menu system. On a DSLR, look for a switch on the lens barrel.
It's generally OK to leave VR on if you're shooting hand-held. Some
persnickety photographers recommend turning VR off unless you're shooting under conditions dictating a slow shutter speed. Most camera manuals
recommend turning VR off when shooting off a tripod. VR can reduce
camera shake at low shutter speeds. It does nothing to control subject
motion. Click HERE for a Cambridge In Color tutorial.
ISO
Most cameras give you a choice between selecting Auto ISO or a
manual ISO value. In addition, the better cameras will let you define the
parameters that the camera will use when automatically adjusting the ISO.
I prefer to leave point and shoot cameras in the auto ISO mode. On
those that I've used, this seems to give acceptable results. However, I've
never tried to use a P&S for anything besides daylight snapshots. For
serious work, I'll use a DSLR digital or even an SLR film camera.
On DSLR cameras, I prefer to leave the camera set to the default ISO
value for daylight and indoor flash pictures, manually switching to a higher
ISO for low light and outdoor flash situations. Other photographers are
content to leave their cameras in auto-ISO, specifying a minimum shutter
speed and a maximum ISO value.
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White Balance
Point and shoots can be left in the auto WB mode, resorting to flash
under tungsten and fluorescent light. DSLR cameras can safely be left in
the auto WB mode shooting in daylight and with flash, switching to the
incandescent or fluorescent modes under tungsten or fluorescent lights.
Picture Quality
Most cameras give you a choice between the RAW, TIFF and JPEG
file formats. Ignore RAW and TIFF for the time being. Set your camera to
shoot Large/Fine JPEGs so you can properly evaluate your photos without
getting lost in advanced Photoshop file conversion techniques. Advanced
photographers with good Photoshop skills generally shoot RAW.
You can also adjust various settings controlling color, brightness,
noise reduction, sharpness and color space. Use the factory defaults until
experience suggests modifying these settings.
Exposure Compensation
The better cameras have an exposure compensation dial or button that
will let you make adjustments on the fly if the LCD display and histogram
indicate that a particular photo is too light or too dark. Leave this set to
zero, the default, unless your pictures are consistently too light or too dark.
Some manufacturers set their exposure meters to yield brighter pictures at the risk of overexposing under high contrast conditions while others are more conservative to avoid blowing out the highlights, resulting in
pictures that may appear somewhat bland to the casual observer.
Moderate underexposure can be corrected during the editing process.
Blown highlights are gone for good.
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File Management
Some cameras will let you reset the camera-assigned file number to
zero every time you format the memory card or let the numbers increment
all the way to 9999 before they roll over to 0001. The second option is
preferred to avoid cluttering your hard drive with files of the same name.
Nikon DSLR cameras, and perhaps others as well, will let you change
the file prefix from DSC to three letters of your choosing, perhaps your
initials. You can also set the camera to record your name and badge number
in the space reserved for copyright information.
Flash Management
DSLR cameras will let you set a variety of options to govern both the
built-in flash and your external flash. The key settings are front curtain
sync at a minimum shutter speed of 1/60th of a second to capture a little
ambient light in addition to the flash. Turn off rear curtain sync, redeye
reduction and so forth off. Using in-camera redeye reduction usually causes more problems than it solves.
Modern flash units are as complicated as a modern camera. Study the
manual that came with your flash unit. Make sure that you are studying the
sections of the manual that pertain to your camera. Some flash units will
work with a variety of cameras but not necessarily in a consistent manner.
Memory Card Slots
Advanced cameras have two memory card slots. You can program
the camera to record to both slots simultaneously, providing redundancy. I
have my D7000 set to record Large/Fine JPEGs to Slots One and Two.
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Date, Time and EXIF Files
Set the date and time when you get a new camera and periodically
thereafter. Use your editor to view the EXIF files associated with your
photos. EXIF stands for EXchange Image File. It is commonly used by
news photographers to record exposure and caption information. You
naturally want the date and time recorded in the EXIF file to correspond
with the date and time that you were actually on the scene taking pictures.
View Finder Display
On any camera worth owning, the viewfinder will display your focus
confirmation indicator, your shutter speed, your lens aperture, a frame
counter and your exposure compensation value in the program mode which
double as a light meter in the manual, shutter preferred and manual modes.
I don't need a frame counter.
Advanced Nikon DSLR cameras starting with the D7000 will let you
replace the frame counter with the ISO value, which is far more useful. On
the D7000, this option will be found under Custom Function D3. Some
Canon cameras have a similar feature.
I have no use for a DSLR that cannot display the ISO value in the
viewfinder while I'm shooting. It's all too easy to change your ISO for a
particular scene and put the camera away without setting it back to the
original setting, causing you to shoot a following scene with the wrong ISO
setting. This happened to one of Hayden Baldwin's students using a shared
camera at a homicide scene.
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Chapter 4.4
Camera Handling
If you're shooting with a DSLR, you need to be able to adjust the
settings as required by current conditions. You need to be able to mount
and dismount lenses and flash units. You need to be able to change batteries and memory cards. You need to be able to erect a tripod without poking
yourself in the eye. These things take practice.
The Basics
Leave your camera set for your preferred defaults. This will give you
a high percentage of usable shots if you have to start shooting as soon as
your feet hit the ground.
When circumstances allow a more contemplative approach, you may
need to override the defaults to obtain high quality photos that will print
with a minimum of tinkering. Thus, you need to be able to adjust focus,
exposure, ISO and white balance on the fly, even in the dark.
Use a neck strap to avoid dropping the camera and to leave your
hands free. Leave your case in the car. Use a photographer's vest if you
need to carry extra lenses, a flash unit, spare batteries, etcetera.
Keep your memory cards in a dust- and moisture-resistant case.
Format memory cards in the camera in which they will be used. Use cards
large enough to photograph any scene that you can reasonably expect to
encounter. Use a fresh card for every scene and carry enough cards to
photograph several average scenes or one large scene.
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Holding the Camera
Experienced photographers cradle SLR cameras and compacts with
an eye level viewfinder in the palm of their left hand and support the lens
with the fingers of their left hand. The right hand grips the camera body
while the right index finger controls the shutter release.

With practice, you can manipulate the shooting controls without
taking the camera from your eye. Having a viewfinder that displays your
settings and logically placed buttons to control these settings are among the
things that distinguish an advanced camera.
The Shutter Release
A digital camera will turn itself off after a period of inactivity to
conserve battery power. Tapping the shutter release will wake the camera
up so you can start taking pictures. Once the camera is awake, partially
depressing the shutter release will activate the meter and focus systems.
If you set the auto-focus system so that only the central focus indicator is active, you can aim the camera at the center of interest
which may not be in the center of the scene.
If you set focus priority as the default, the camera will not let you
take a picture until you receive focus confirmation.
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If you're shooting a DSLR with a good lens in good light, the autofocus confirmation dot in the viewfinder will come on almost instantly so
you can fully depress the shutter to take the picture.
In marginal light, the auto-focus system might have to hunt before
the confirmation dot comes on. A focus assist lamp built into the camera or
the flash is a big help, if not blocked by your hand or the lens hood. Once
you have focus confirmation, recompose as required and fully depress the
shutter release to take the picture.
Tripod Handling
On a windy day, keep one hand on your tripod to keep it from blowing over. Maybe your camera will survive the fall. Maybe it won’t. Setting up a tripod for the first time can be a trying experience. The legs seem
to go everywhere but where you want them. Proficiency comes with experience.
Try to avoid raising the center column. Sometimes you need the extra
height but you may pay a penalty in sharpness at the longer focal lengths
and slower shutter speeds. Your money will be well spent if you purchase
a tripod that will let you shoot at eye level without raising the center column.
Most tripods have multiple detents so you can spread the legs to bring
the camera closer to ground level. Some tripods have a center column that
can be inverted so you can take perpendicular shots. Practice using your
tripod's features so you can employ them as required.
Setting up a tripod with all legs extended equally works fine for landscapes and so forth. When you need to position your camera for closeup
photography, you may find yourself with one leg on the floor and two legs
resting on a kitchen counter or the hood of a car.
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Transporting
If possible, keep your kit in the passenger compartment where it will
get the benefit of heating and air conditioning. Don't leave a camera in the
car if you won't be using it for a few days or if the car will be parked all
day under the hot summer sun or in sub-freezing cold.
If you travel by air, use a kit small enough to fit in the overhead compartment or pack everything in a Pelican case, yellow preferred, using
TSA-approved padlocks. Insure for full replacement value. If your kit
grows legs, a yellow case should be easy to spot.
While memory cards are immune to airport x-ray machines, they are
not immune to magnets. Pros usually download their files to a laptop and
backup the laptop's internal hard drive to an external hard drive.
Don't reformat your memory cards until you get back to your office
and transfer the files to your primary computer with all standard backups
complete and verified.
Temperature Extremes
LCD displays are likely to stop working if the camera is exposed to
very high or very low temperatures for any length of time. Once the temperature returns to a comfortable range, your LCD should start working.
Your camera can fog up when you step out of an air-conditioned car
on a humid day or enter a warm house on a cold day. The solution? Set
the camera on the front seat, turn off the air and open a window before you
reach the scene on a warm summer day. Shooting indoors during the winter months, place the camera on the front seat and crank up the heater.
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You want to give condensation a chance to form and dry before you
arrive at the scene. Leaving the camera in a well-insulated case will delay
the drying process.
Cold weather is hard on batteries. Carry spares in an inside pocket.
If you live in an area of extreme cold, look for a camera that uses coldtolerant lithium batteries. Some DSLR cameras can run on AA lithiums if
you purchase an optional power pack.
Rechargeable batteries lose their charge over time. Carrying a spare
may not buy you much if the weather is cold and you neglect to keep your
spares charged. Bring your kit in at night and charge the batteries more
often than usual.
Maintenance
Cameras built to professional standards rarely wear out. They are
damaged by accident, abuse and neglect or they are retired in favor of new
cameras better suited to current requirements.
If your camera goes on the fritz, your best bet is to send it to a factory-authorized warranty repair station. If you have an older camera try:
http://www.criscam.com
http://www.unitedcamera.com
https://www.keh.com
The outside of your camera can be cleaned with a lint-free tee shirt
and a can of Dust-Off. Do not use Dust-Off on the lens or the camera’s
innards. The propellant can damage delicate lens, mirror and shutter mechanisms.
Go to http://www.cleaningdigitalcameras.com for instructions and
materials if your sensor needs cleaning.
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Shipping
If you have to ship a camera, wrap it in at least four inches of bubble
wrap secured with plenty of tape. Use a sturdy box with plenty of peanuts
to keep things from shifting. Use more tape to make sure the box doesn’t
spring a leak.
I’ve seen thousands of dollars' worth of equipment damaged beyond
repair by people too lazy or too stupid to pack things properly. If common
sense fails, take your camera to your local UPS store and let them pack it.
Battery Leakage
Alkaline battery leakage is almost inevitable if partially depleted batteries are left in a
camera or flash unit for any length of time.
Prevention is simple. Remove batteries from
equipment that is not being used.
Eveready Ultimate lithium batteries are
rated for temperatures between -40 and +140. I
use leak-resistant Eveready Ultimates exclusively during the winter months.
The corrosion that you see here is alkaline, as you would expect in an
alkaline battery. You can clean corrosion, visible or invisible, with a mild
acid such as distilled white vinegar, a Q-tips and an old toothbrush.
Long Term Storage
Putting a camera on the shelf and forgetting about it is as good as any
way to ruin it, short of nailing it with a stray bullet. Cameras that are not
being used should be stored in freezer bags with all of the air squeezed out
and a couple of silica gel desiccant packages. Remove the batteries!
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Chapter 5.1
DSLR Exposure Basics
See: Flash Photo Basics - Wayne Fulton
How Light Meters Work - Wayne Fulton
Digital Exposure Techniques - Cambridge In Color
Understanding Histograms Part 1 - Cambridge In Color
Understanding Histograms Part II - Cambridge In Color
Why discuss exposure when an automatic camera will give you a
perfect picture ninety-nine times out of a hundred in good light? Crime
scene investigators do not have the luxury of working exclusively in good
light. Even in good light, the one shot that you really need might be the
one that you can't get by letting the camera do your thinking for you.
Exposure is governed by five related factors. You need to understand
these factors and how they relate to each other to deal with difficult lighting
problems. These factors are:
The intensity of light falling on the scene, known as incident light.
The intensity of light reflected by the scene, known as reflected
light.
The sensitivity of your camera's image sensor, known as the ISO
value.
The aperture of your lens, known as the f-stop.
The duration that the shutter is open, known as the shutter speed.
Despite many lighting variables, people have been taking good pictures long before the first practical light meter was introduced in 1932.
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Incident Light
Outdoors, the intensity of incident light falling on the scene can vary
from 100,000 lux in full sunlight to 0.0001 lux in weak starlight. Lighting
levels on an overcast day or stadium lighting for televised professional
sports might run from 2,000 to 3,500 lux.
Indoors, the intensity of light can vary from 0.0 lux in Carlsbad Caverns with the lights out to 50 lux in a dim suburban living room to 600 lux
in a well-lighted office or a television studio.
Lux is the international unit used to measure light intensity. One lux
is equal to 10.8 foot-candles. The intensity of incident light can vary minute by minute as clouds move in front of the sun and the sun moves across
the sky.
Reflected Light
We use reflected light to capture photographic images. The amount
of incident light reaching the camera sensor via the lens depends on the
scene's reflectance. The average scene will reflect 12 to 18% of the incident light, the exact number depending on who you ask. The difference is
more theoretical than practical.
A scene composed almost entirely of freshly fallen snow might reflect
90% of the incident light. A scene composed almost entirely of anthracite
coal dust might reflect 2% of the incident light.
Important variables are the angle at which the incident light falls on
the scene (the angle of incidence) and the angle at which this light is reflected back to the camera (the angle of reflectance), and whether your
subject is front lit, side lit or back-lighted.
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You can prove this by walking around your a car or a large rock with
camera in hand. Even though the incident light falling on the scene is
uniform, you'll get a different meter reading depending on whether the
subject is front-lighted, side-lighted or back-lighted. Set your metering
pattern for center-weighted to avoid picking up stray background light.
ISO Value
Cameras deliver their best picture quality at their base ISO, typically
ISO 100. Most advanced DSLR cameras will provide good picture quality
at ISO 800 - 1000, fair picture quality at ISO 1600 - 3200, and picture
quality that will suffice in a pinch at ISO 6400 and above. High end professional cameras can beat these numbers by a stop or two.
Since there are probably fifty or sixty Canon and Nikon DSLR cameras made within the last ten years still in use and several hundred general
purpose lenses on those cameras, you'll have to test your own camera at
various ISO values to see what's the highest ISO value you can shoot at and
still get photos that are adequate for your purposes.
In marginal light, shooting above base ISO will let you use a faster
shutter speed and/or a smaller aperture, or extend the range of your flash to
cover a larger area. While all modern cameras have an auto-ISO feature, I
usually leave my Nikon D7000 set for ISO 100, manually cranking up the
ISO as needed to cope with marginal lighting.
Shutter Speed
Shutter speed dictates the length of time that the shutter is open. An
advanced camera will let you shoot at shutter speeds from thirty seconds to
1/8,000th of a second. Thirty seconds will give you good photos in the
light of a full moon. I can't recall ever shooting faster than 1/1,000th of a
second at ISO 100 even with a 500 mm telephoto lens mounted on the
camera.
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Consider using flash or a tripod if ambient lighting conditions call for
a shutter speed slower than 1/60th of a second. Higher shutter speeds are
desirable to minimize camera shake and to freeze subject motion.
Modern cameras incorporate vibration reduction (Nikon) and image
stabilization (Canon) systems that will let you shoot handheld at shutter
speeds slower than might otherwise by the case. While VR/IR systems can
effectively dampen camera shake, they do nothing to control subject motion.
The range from 1/60th of a second to 1/500th of a second will cover
most static crime scenes nicely.
Lens Aperture
An f-number is actually a fraction of the lens's nominal focal length,
not a whole number. Thus, f/2.8 actually means 1/2.8.
With that out of the way, your shooting aperture (as opposed to the
maximum aperture) controls the amount of light reaching the sensor along
with sharpness and depth of field.
Lenses are sharper when stopped down to an intermediate aperture
such as f/5.6, f/8 and f/11 on a general purpose zoom. Even with best
quality primes, experienced photographers prefer to avoid shooting either
wide open or at the smallest marked aperture.
This diagram was drawn to scale. On the following page, you will
find an aperture diagram of a 50 mm f/1.4 lens drawn to scale.
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50 mm Lens Apertures From F/1.4 To F/16
Drawn To Scale In Microsoft Word 2010

F/1.4
35.7mm
1.48"

F/2.0
25.0mm
0.98"

F/2.8
17.8mm
0.70"

F/4.0
12.5mm
0.49"

F/5.6
10.9mm
0.43"

F/8.0
6.3mm
0.25"

F/11.0
4.5mm
0.18"

F/16
3.1mm
0.12"

To get a better understanding of how lens aperture impacts depth of
field, see:
http://www.dofmaster.com/dofjs.html
http://toothwalker.org/optics/vwdof.html
https://en.wikipedia.org/wiki/hyperfocal_distance
What's an F/Stop?
Photographers use the term stop or f/stop rather loosely. Depending
on context, it can be a noun or a verb. It can mean the lens aperture, the
shutter speed or the ISO value. The value of each full stop is twice that of
the next lower value and half that of the next higher value.
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Thus, depending on context, stopping down a stop could mean using a
faster shutter speed, a lower ISO value, or a smaller aperture. Opening up
a stop could mean using a slower shutter speed, a higher ISO value or a
larger aperture.
See http://www.scantips.com/lights/fstop.html for as much as a normal person needs to know about f/stops.
Understanding Reciprocity
Assume that you meter a daylight scene at ISO 100 in the Program
mode and the camera suggests an exposure of 1/125th at f/16. Do you have
to shoot at 1/125th at f/16. No! All of the following combinations will
yield exactly the same exposure:
1/60th at f/22
1/125th at f/16
1/250th at f/11
1/500th at f/8
1/1000th at f/5.6
1/2000th at f/4
1/4000th at f/2.8
1/8000th at f/2
Unless I really needed f/16 for maximum depth of field, I'll shoot at
one of the three intermediate aperture settings for maximum sharpness
combined with good depth of field. The advanced Nikon cameras that I'm
familiar with (the D7000, the D7100 and the D7200) will let you replace
"exposures remaining" in the viewfinder window with the ISO value using
a Custom Setting, D3 in the case of my D7000.
This lets me see my ISO value, the shutter speed and my aperture
along with the focus confirmation indicator in the viewfinder as I'm shoot-
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ing. The ability to see your focus and exposure information in the viewfinder and make adjustments on the fly is one of the many things that separates an advanced DSLR from point and shoot cameras.
Know Your Camera
Some cameras are conservatively calibrated, yielding camera-original
JPEGs that may appear somewhat dark in the interest of preserving highlight detail. This is of no consequence because you can always pump up
the shadows but you can't salvage blown highlights.
Other cameras are likely to yield an image that requires no tweaking
in moderate contrast situations with the concurrent risk of blowing the
highlights in high contrast situations. This too is of no consequence. If you
prefer the conservative approach, dial in a little exposure compensation.
Individuals obliged to use school or department-issued cameras are at
a disadvantage. A Glock has three controls - the trigger, the slide release
and the magazine release. An advanced camera has twenty-plus buttons,
dials and switches on the camera body plus one hundred or more userprogrammable menu options.
I owned my Nikon D7000 for a year before I discovered that I could
display my ISO value in the viewfinder window in lieu of the frame counter. I use a pair of 16 GB memory cards good for 1,100 large/fine JPEGs.
I'll run out of battery long before I run out of room on the cards. I prefer
being able to see my focus and exposure information in the viewfinder
while I'm shooting.
Anyone familiar with the Glock 17 introduced in 1982 can pick up
any Glock made today and come up to speed in hurry because the controls
are in the same place and function in the same manner as those on the original Glock. Ditto the Colt Single Action Army of 1873 and the Colt Model
1911.
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I have yet to pick up a new camera without finding annoying changes
in the controls or menu structure serving no discernible purpose. This
creates all manner of problems for instructors.
Know Your Scene

The camera metered this snow-shrouded pickup as gray because that's
how light meters work. Consequently, the camera-original JPEG was
underexposed by two stops. Since this is a low contrast scene, a correction
using the Levels command available in Faststone, Photoshop, PS Elements
and Gimp yielded a good print.
You might have the reverse problem at a fire scene where the camera
tries to expose black soot and ash as middle gray, again because that's how
reflected light meters are designed to work.
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Today's cameras have large LCD displays letting you see a thumbnail
view of your picture and a histogram showing the distribution of light and
dark tones. Keep shooting until you get it right.
A good camera will have an exposure compensation dial or button
letting you add more or less exposure as dictate by ambient lighting. The
amount of compensation, if any, is visible in the viewfinder.
You're the photographer. You should know what is relevant and what
is not. Cameras are calibrated to satisfy the needs of photographers concerned with the overall scene, not just critical elements within the scene.
Middle Gray
We see the world in terms of color as well as light and shadow. Exposure meters see the world in shades of gray.
Exposure meters are calibrated on the assumption that the average
reflectance of a typical scene will average out to middle gray. For years,
instructors taught that middle gray was the 18% reflectance found on a
Kodak gray card. See Understanding Middle Gray by Jim Zuckerman.
We now know that exposure meters are calibrated in accordance with
ANSI standards, variously reported as 12% to 14% reflectance. The difference is only half a stop.
Metering Patterns
Modern cameras give you a choice of metering patterns. Matrix
(Nikon) and evaluative (Canon) patterns read the entire scene. Centerweighted patterns read the entire scene but concentrate sensitivity in the
center of the viewfinder. In the spot mode, the meter reads a small portion
of the scene indicated by a circle in the viewfinder.
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Matrix serves most purposes nicely. Unfortunately, the camera isn't
smart enough to figure out which portions of the scene are important. You
have to be smart enough to decide whether matrix metering will properly
expose the area of interest without regard for areas devoid of relevant detail.
Spot metering can give you good results in difficult lighting situations. Center-weighted metering might be your best bet when shooting
with flash, particularly if the foreground and background are of no interest.
Shooting Modes
The Program mode will give you a supposedly optimum combination
of shutter speed and aperture. Most of the time, this works well. You can
always tweak your settings or switch to one of the other modes if you want
a faster shutter speed to freeze motion or a smaller aperture to increase
depth of field.
Use Program most of the time but check the shutter speed and
shooting aperture in the viewfinder to make sure that the shutter
speed and aperture is within your preferred range.
Use Shutter Preferred when you want to shoot at a particular shutter speed to freeze motion regardless of depth of field.
Use Aperture Preferred when you want to shoot at a given aperture
to capture sufficient depth of field regardless of camera shake and
subject motion at slow shutter speeds.
Use Manual when you want maximum control over both the shutter speed and lens aperture.
Consumer cameras have scene modes, commonly and derisively
known as idiot modes, that are supposed to bias Auto exposure values for
closeups, portraits, landscapes and so forth. If you're going to work at the
professional level, you need to be smarter than your camera.
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Exposure Compensation
There are several ways to compensate for an invalid meter reading:
Check the histogram and dial in exposure compensation as needed.
Take a meter reading from an important part of the scene that's
close to middle gray and lock in the reading before shooting.
Use spot or center-weighted metering to eliminate errors likely to
result when an irrelevant part of the scene is either significantly
brighter or significantly darker than the area of interest.
Bracketing
Bracketing is a crutch for the inept and a parachute for the expert.
You will eventually run into a situation where you can't trust your meter
and you can't afford to miss the shot. The solution? Bracket your exposures two stops over and two stops under the metered exposure.
Expose To The Right

Expose To The Right means using your histogram to verify that
you're giving the scene the maximum exposure without blowing highlights.
Click HERE to see an excellent tutorial.
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The Faststone histogram for the snow-covered truck pictured on the
previous page indicates one or two stops of under-exposure because the
camera interpreted the white snow as middle gray.
Dialing in 1½ stops of exposure compensation moved the histogram
to the right without blocking up the highlights, indicating that we've captured all the highlight detail available in this particular photo without losing
any of our shadow detail.
Focus on Infinity
During the film era, we took depth of field scales and hard infinity
stops for granted. You merely turned the focus ring until it hit the infinity
stop and you were focused on infinity. Modern auto-focus lenses to not
have depth of field scales and hard infinity stops.
Why focus on infinity? Suppose you're shooting an outdoor scene on
a dark night, too dark for your camera's auto-focus system to focus on a
distant subject. Simply focus on infinity, stop down to an aperture providing enough depth of field to bring the foreground into sharp focus and
adjust your shutter speed and ISO to provide the correct exposure.
According to Wikipedia, the hyperfocal distance is the distance beyond which all objects are acceptably sharp for a lens focused at infinity.
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Generally, you should be able to focus on a subject of interest within
100 feet with a good flashlight such as the 1075 lumen Coast HP550 or a
625 lumen 3D LED Maglite. The Coast runs on nine AA batteries. The
Mag-Lite runs on three D-cells. I keep one of each in my truck.
Absent a suitable flashlight or a subject beyond the range of your
flashlight, manually focus on a distant light source such as the moon, a
street light or even a bright star.
Unfortunately, some subjects are too far away to permit focusing with
a flashlight. Some scenes do not provide a distant light source that you can
focus on.
Today's complex zoom lenses are designed to focus at a distance
beyond infinity because the auto-focus mechanisms built into modern zoom
lenses are incompatible with a hard infinity stop. Hayden Baldwin ran into
this problem teaching in a Central American country with students on a
shoestring budget.
I took the liberty of expanding on the Baldwin's method using the
Nikon 16 - 80, 16 - 85, 18 - 55 and 18 - 140 on APS-C cameras and the 24 85 and the 24 - 120 on full frame cameras as my benchmarks. This gives
us only three focal lengths to worry about at the wide angle settings at a
theoretical value of f/1:
16 mm - 45 feet
18 mm - 55 feet
24 mm - 65 feet
Focus your lens at its shortest focal length on a point beyond the
theoretical infinity distance at f/1 on a sunny day. Make a witness mark
spanning the focus ring and the lens barrel so you can return to this setting
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at any time. I used a fine point Sharpie oil-based paint pen, available at
office supply stores.
Even if your camera will meter under low light conditions, exposures
can be fine-tuned by chimping each shot and using your histogram to make
sure you're capturing maximum detail without blowing the highlights.
Unless you're shooting with a professional flash, you'll need a tripod because shutter speeds of thirty seconds or more may be required to avoid
cranking up the ISO to the point that image quality goes down the tubes.
I ran the these numbers using VWDOF.EXE which is permanently
installed on my hard drive. VWDOF lets me run up to eight stops from
f/1.4 to f/16 on a single screen. I started at f/2.8 because that's the fastest
aperture on a zoom lens. Due to their shorter focal lengths, APS-C cameras
enjoy a considerable advantage over their full frame counterparts.
Depth of Field When Focused On Infinity
Aperture 16 MM 18 MM 24 MM
28 MM
35 MM
50 MM
APS-C APS-C APS-C Full Frame Full Frame Full Frame
f/2.8
11' - ∞ 14' - ∞ 17' - ∞
24' - ∞
37' - ∞
43' - ∞
f/4
9' - ∞ 11' - ∞ 13' - ∞
20' - ∞
30' - ∞
36' - ∞
f/5.6
7' - ∞
8' - ∞ 10' - ∞
16' - ∞
24' - ∞
30' - ∞
f/8
5' - ∞
6' - ∞
7' - ∞
12' - ∞
19' - ∞
24' - ∞
f/11
4' - ∞
5' - ∞
5' - ∞
10' - ∞
15' - ∞
19' - ∞
f/16
3' - ∞
3' - ∞
4' - ∞
7' - ∞
11' - ∞
14' - ∞

High Contrast Situations
How do you handle situations where you have a brightness range of
ten or twelve stops? One approach is to shoot manual. Set an aperture
sufficient to ensure adequate depth of field. Take meter readings from
brightest and darkest areas in the scene, plus a representative mid-tone.
Record the shutter speeds.
Use a tripod and a cable release. Focus and compose as usual. Use
the metered aperture to avoid changing the depth of field between shots.
160

Take one exposure at each of the three calculated shutter speeds. You can
merge these photos into a composite using the Photoshop HDR Merge tool.
Advanced photographers claim better results with third party programs such as Photomatix. The Photomatix Pro version favored by fine art
photographers is only $99. The entry level version is only $39.
The Sunny 16 Rule
In fifty years as a photographer, I've had an exposure meter fail exactly once, on a thirty year old Nikon FM. Modern cameras usually die due to
an internal electronics failure or a buildup of crud under a button. The cure
is to carry a backup camera. I have four backups, a Panasonic ZS9 pocket
camera purchased in 2012, a Canon G15 bridge camera purchased in 2015,
a Nikon D70 purchased in 2005 and a Nikon N90s purchased in 1994.
Nevertheless, if your exposure meter dies at an inopportune moment,
the Sunny 16 Rule will get you into the ballpark. You can fine tune the
exposure using your LCD display and histogram.
The Sunny 16 rule states that a shutter speed in fractions of a second
equal to the ISO rating of the film at an aperture of f/16 will give you the
correct exposure of a frontally lit subject on a sunny day.
Shooting at ISO 400, expose a frontally lit subject for 1/500th of a
second at f/16. On most cameras, 1/500th is the marked shutter speed
closest to 1/400th of a second. Open up one stop for sidelighting, two stops
for backlighting, three stops for open shade and four stops on an overcast
day.
Shutter Speeds For Handheld Exposures
Back in the film era when Tri-X ruled the roost and photos were
rarely printed larger than 6.3 x 9.5 inches on 8 x 10 paper, it was commonly
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believed that it was always safe to shoot at a shutter speed in fractions of a
second equal to the reciprocal of the focal length in millimeters.
Thus, you could supposedly get away shooting at 1/60 of a second at
with a 50 mm lens, 1/60th being the shutter speed nearest to but not less
than 50 mm. Now, when many photographers are shooting 24 megapixel
APS-C cameras and photos can be enlarged to 24 x 36 inches, twice the
reciprocal of the focal length is a better guide.
Even with a VR zoom set to the 50 mm mark on the lens barrel, I
would try to avoid shooting at less than 1/125th of a second, and this only
on level ground on a still day with nobody bumping my elbow, no hard
partying the night before and no action demanding a higher shutter speed.
All bets are off if you're standing on a rickety ladder or shooting from a
helicopter.
Depth of Field
There can only be one plane of best focus in a photo. The portion of
the scene that will be in acceptably sharp focus falls off in front of and
behind the plane of best focus until you reach infinity, beyond which everything is in focus.
Shorter focal lengths yield more depth of field, an advantage of APSC cameras compared to their full frame counterparts. The extra depth of
field provided by an APS-C cameras will be appreciated when shooting
cramped interiors.
At any given focal length, a distant subject and smaller apertures will
yield greater of field of field.
The easy way to understand depth of field is to play around with
http://www.dofmaster.com/dofjs.html and http://dofsimulator.net/en/.
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Using the VWDOF calculator, I ran the numbers for a 18 - 140 mm lens on
a Nikon APS-C camera at three focal lengths and four distances.
18 mm, Equal To 28 mm On A Full Frame Camera
6 Feet
12 feet
25 feet
50 feet
f/2.8
4.6 - 8.7
7.4 – 32.0
10.8 - ∞
13.8 - ∞
f/4.0
4.2 – 10.8 6.4 – 113.0
8.7 - ∞
10.6 - ∞
f/5.6
3.7 – 15.9
5.3 - ∞
6.9 - ∞
8.0 - ∞
f/8
3.2 – 54.2
4.3 - ∞
5.3 - ∞
5.9 - ∞
f/11
2.7 - ∞
3.5 - ∞
4.0 - ∞
4.4 - ∞
f/16
2.2 - ∞
2.6 - ∞
3.0 - ∞
3.2 - ∞

f2.8
f/4.0
f/5.6
f/8
f/11
f/16

24 mm, Equal To 35 mm On A Full Frame Camera
6 Feet
12 feet
25 feet
50 feet
5.4 - 6.8
9.7 - 15.7
16.8 - 49.1
25.2 - ∞
5.1 - 7.2
8.9 - 18.1
14.7 - 83.8
20.8 - ∞
4.7 - 8.3
8.2 - 22.6
12.5 - ∞
16.8 - ∞
4.5 - 9.0
7.2 - 36.5
10.4 - ∞
13.1 - ∞
4.1 - 11.1
6.2 - 156.0
8.5 - ∞
10.3 - ∞
3.6 - 18.0
5.1 - ∞
6.6 - ∞
7.6 - ∞

f2.8
f/4.0
f/5.6
f/8
f/11
f/16

35 mm, Equal To 50 mm On A Full Frame Camera
6 Feet
12 feet
25 feet
50 feet
5.7 - 6.4
10.8 - 13.5
20.3 - 32.5
34.2 - 93.0
5.6 - 6.5
10.4 - 14.2
18.8 - 37.3 30.1 - 147.0
5.4 - 6.7
9.8 - 15.4
17.1 - 46.4
26.0 - ∞
5.2 - 7.1
9.1 - 17.5
15.1 - 73.3
21.5 - ∞
4.9 - 7.6
8.4 - 21.2
13.1 - ∞
17.9 - ∞
4.6 - 8.7
7.4 - 32.4
10.8 - ∞
13.7 - ∞

Photos are always sharpest at the exact distance on which they are
focused, falling off gradually on either side of the plane of best focus. A
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simple graphic will perhaps explain this concept better than the numbers. I
used the 24 mm focal length in these examples.
6' @ f/4
12' @ f/4
25' @ f/4

5 to 7'

Camera

6 Feet

6' @ f.8
12' @ f.8
25' @ f.8

5 to 9''

Camera

6 Feet

6' @ f/16
12' @ f/16
25' @ f/16

4 to 18'

Camera

6 Feet

9 to 18'
15 to 84'

12 Feet

25 Feet

7 to 37'
10' to ∞

12 Feet

25 Feet

5' to ∞
7' to ∞

12 Feet
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25 Feet

Timing is Everything

D70 and the 18 - 70 mm kit lens. Manual focus. Auto exposure.
Continuous mode at three frames per second. ISO 200, 1/320th of a second
at f/9. I zoomed in to a marked focal length of 35 mm, equal to 50 mm on
a full frame camera. The picture was cropped to fit the page.
Shooting action, timing is everything. The key is to anticipate when
and where the action will occur and prepare accordingly. A D70 is not the
fastest camera in the world so I manually focused on the barrel and started
shooting a second or two before the rider reached the barrel and continued
for a second or two after she made her turn. You need a fast, responsive
camera for surveillance and sports photography.
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Chapter 5.2
Light
Photography is literally painting with light. Light can be emitted,
transmitted, reflected, absorbed, fluoresce or luminesce. It would therefore
behoove a photographer to know something about light. Light has four
more or less obvious qualities. These qualities are intensity, direction,
color and contrast.
Background - Without manual adjustment, the camera will
focus on a distant point between the two vehicles.

Vehicle
#1

Shadow. Vehicle #1 receives up to ten
stops less light than Vehicle #2.
Exposure compensation required.

Vehicle
#2

Camera

Field Of View Includes Both Vehicles

This hypothetical underpass accident presents focus and exposure
problems. When you compose the picture to include both cars the camera
is pointed between the two cars. The camera is not "seeing" the objects of
interest but something in the background, perhaps a retaining wall.
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Angle
Of
Incidence

Reflective
Surface

Angle of
Reflection

The angle of incidence is equal to the angle of reflection. Reflections are a constant problem for evidence photographers confronted with a
requirement to take photographs with the camera perpendicular to a reflective surface. Often, the only solution is move the light source away from
the camera.
The inverse square law states that the intensity of light from a point
source varies inversely with the square of distance. If we photograph a car
from a distance of thirty feet using flash, the foreground will be overexposed while the background will be underexposed.
Color Temperature
Light has color, usually expressed in degree Kelvin. The mid-day sun
and the light from a flash unit are approximately 5500K. The color temperature in open shade can run from 7000K to 20000K, giving your photos
a bluish tinge. These corrections are applied via your camera's white balance control, which can be either manual or automatic.
Move indoors and the light from an ordinary tungsten light bulb will
be somewhere between 2500 and 3500 degrees Kelvin, imparting a yellowish cast to your pictures. Fluorescent, mercury vapor and sodium vapor
lights can vary all over the ballpark.
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A scene illuminated by light from several sources, each with a different color temperature, can be a real bear. Shooting with ambient light, you
can only correct for the predominant light source.
While color casts can be removed during the editing process, it's
better to get it right in the first place. Photographers who depend on a
Photoshop operator to correct their mistakes are either lazy or inept.
Often, the path of least resistance is to shoot flash at a shutter speed
high enough to minimize the effect of ambient light (which requires shooting in the Manual or Shutter Preferred modes). Shooting digital, you can
set a custom white balance using either a Kodak gray card or an ExpoDisc
available from http://www.expodisc.com.
You want reasonably accurate colors during a homicide investigation
because the color of stains, discolorations, bruising and lividity can be
diagnostic to a pathologist. If in doubt, shoot with flash.
Quantifying Color by Wavelength
Color
Ultraviolet
Violet
Blue
Cyan
Green
Yellow
Orange
Red
Infrared

Wavelengths in Nanometers
Wikipedia
Source B
<100 - 380
<100 - 400
380 - 450
400 - 450
450 - 475
450 - 475
475 - 495
475 - 495
495 - 570
495 - 570
570 - 590
570 - 590
590 - 620
590 - 620
620 - 750
620 - 750
750 - >1400
750 - >1400
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About.com
<100 - 380
380 - 435
435 - 500
500 - 520
520 - 565
565 - 590
590 - 625
625 - 740
740 - >1400

The color of light can be quantified either by the color temperature in
degrees Kelvin (K) or by the wavelength in nanometers (nm).
There is no universal agreement on exactly which wavelengths equate
precisely to a certain color. Google "color spectrum" and you will probably
find several color charts, no two of which are in perfect agreement. Look
at college-level physics texts and you will find still more color charts.
Source B and the chart extracted from Wikipedia are identical except
that Source B indicates that the visible spectrum starts at 400 nanometers
rather than the 380 nanometers suggested by Wikipedia and About.Com.

This color bar borrowed from Wikipedia tells a simple story. The
lines between colors are not etched with a sharp chisel. We all perceive
colors differently and the transition from one color to another is gradual.
The wavelengths that you see in color charts should be viewed as
useful approximations. What we can agree on is that the visible spectrum
starts at a wavelength between 380 and 400 nanometers in a color commonly perceived as violet and continues to a wavelength between 700 and 750
nanometers in a color commonly perceived as red.
In the chart on the previous page, I've shown the lower end of the UV
band as being less than 100 nanometers and the high end of the IR band as
being greater than 1,400 nanometers. Eventually, ultraviolet becomes xrays and gamma rays while infrared becomes microwaves and radio waves.
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The International Standards Organization (ISO) has proposed the
following definitions for ultraviolet light:
Ultraviolet A 400 - 315 nanometers (aka near UV)
Ultraviolet B 315 - 280 nanometers (aka middle UV)
Ultraviolet C 280 - 100 nanometers (aka far UV)
The International Commission on Illumination (ICE) has recommended the following definitions for infrared light.
Infrared A
Infrared B
Infrared C

700 - 1400 nanometers
1400 - 3000 nanometers
3000 nanometers - 1 millimeter

The more powerful lights in the UV-A range can be somewhat hazardous while all lights in the UV-B and UV-C ranges are hazardous and are
best reserved for specialists who know what they're doing. Fortunately,
we're concerned with light in the 365 to 850 nanometer range that can be
photographed with readily available lenses and filters.
Quantifying Light by Color Temperature
Color Temperature in Degrees Kelvin
Candle
Sunrise
Common Tungsten Bulbs
Type B Photofloods
Fluorescents
Sunny Day - Electronic Flash
Bright Sunshine Clear Sky
Continuous Spectrum CF Lamps
Overcast Sky
Open Shade Clear Day
Heavy Overcast
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1000K
2000K
2700K
3200K
2700K - 4100K
5500K
6000K
6500K
7500K
9000K
10000K

You need to understand color temperature because the color temperature of the light falling on a scene determines how your camera will record
the colors in the scene. Any deviation from 5500K will cause a color shift
unless we compensate by adjusting the white balance.
Quantifying Intensity
Photographers think of light in terms of f-stops. Scientists think of
light in terms of foot-candles, candela, lumens, lux, joules and wattseconds, all terms that you might encounter in a camera spec sheet.
Quality

The picture on the left was taken in full sunlight. Note the distinct
shadow. The picture on the right was taken in open shade. Note the lower
contrast and the absence of a shadow.
The scale holder was fashioned from a block of scrap poplar, a foot or
so of 12 AWG copper wire with black insulation and an alligator clip from
Radio Shack. Don't be hesitate to improvise.
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Chapter 5.3
Thumbnails and Histograms
Thumbnails
Thumbnails give you an opportunity to review the shots that you've
just taken. If you're not happy with what you see, keep shooting until you
get it right. Using thumbnails often and wisely is the key to getting the best
results out of a digital camera.
The Blinkies
Some cameras will indicate clipped highlights in the viewfinder when
you take a meter reading and in the thumbnail when you review the shot.
Clipped highlights are generally indicated by a blinking effect, easier to see
than to describe.
If an important element in the scene falls within the area indicated by
the blinkies, you're overexposed. Reduce exposure in small increments
until the blinkies disappear.
This applies only to elements that should
be recorded with clearly visible detail. The blinkies will always indicate
specular highlights, even if the photo as a whole is properly exposed.
Histograms
Digital cameras give you the option of displaying a histogram that
graphs the range of light and dark tones. The values to the left of center
represent dark tones. The values to the right of center represent light tones.

172

If your light tones are blocked up against the right side of the histogram, you've overexposed. These clipped highlights cannot be restored in
photo-editing software.
If your dark tones are blocked up against the left side of the histogram, you're underexposed. You can probably recover some of the missing
dark tones in a competent editing program but you'll get better prints if
your photos are properly exposed to start with.
Of course, a snowscape will include mostly light tones while the
sodden ruin of a burned out building will include mostly dark tones. You
need to interpret histograms according to the values found within the scene.

Full range of tones. Ideal expo- Overexposed.
sure.
lights.

Two stops under exposure.

Blocked high-

Mostly mid tones. Ideal exposure.

The histograms that you can see in your editor and in the camera's
LCD display show both an overall exposure value and individual values for
the red, green and blue channels.
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You can expect a color shift if the histogram shows that one of your
color channels is clipped, indicating that that particular color is overexposed even though the scene as a whole is properly exposed.
See Understanding Histograms Part 1 and Understanding Histograms
Part II from Cambridge in Color. The Digital Photography School has a
well-illustrated tutorial HERE.
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Chapter 5.4
Grain, Noise and Distortion
Our eyes provide us with depth perception and the ability to adapt
from bright sunlight to dim starlight. Even in sunlight, we can perceive
detail in all but the deepest of shadows. Our eyes adapt to changes in the
color of light so that red is red whether viewed indoors or out.
A digital sensor captures a narrow range of tones from textured black
to textured white. Shadow detail below the sensor's exposure range will
print as pure black devoid of detail. Highlight detail above the sensor's
exposure range while print as the pure white of the paper base.
Shooting under tungsten or fluorescent lights without dialing in the
correct white balance will give your pictures a blue, yellow or green cast
depending on the color temperature of the light source. This can best be
described as color distortion.
Our eyes expect to see converging horizontal lines such as railroad
tracks disappearing to a point in the distance. This looks normal because
we've been seeing converging horizontal lines since the Romans started
building straight roads two thousand years ago.
Stand too close and tilt the camera back to photograph a tall building
and you'll see converging vertical lines. A photo of a building with acutely
converging vertical lines looks distorted even though a person standing
where the photographer stood and tilting his head back would see the same
thing. This form of distortion is commonly known as keystoning.
While we can see close to 180o including our peripheral vision, we
can only focus on a fairly narrow area at any one time, perhaps less than 5o.
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We can't see everything around us in sharp focus without moving our eyes,
and perhaps even our heads.
The camera, on the other hand, takes in everything within its field of
view. A wide angle lens takes in more than we're used to seeing while a
telephoto lens takes in less.
Wide angle lenses make distant objects appear farther away than they
really are. This is known as wide angle distortion. Telephoto lenses make
distant objects appear closer than they really are. This is known as telephoto distortion. Together, these effects are known as perspective distortion.
This is an over-simplification. In fact, perspective is determined by
the distance between the camera and the subject while the angle of view is
determined by focal length
Correcting color distortion before the fact requires adjusting the
white balance. Correcting color distortion after the fact requires a
good eye and a color-calibrated monitor.
Converging vertical lines can be corrected either by taking the picture from a greater distance where the degree of convergence is
not so acute or by correcting the image in Photoshop.
Distortion generally can be cured by avoiding exaggerated camera
angles, using a "near-normal" focal length whenever possible and
viewing prints at the correct viewing distance.
Pincushion and barrel distortion, jointly known as rectilinear distortion, are commonly seen at the edge of the frame when photographing
parallel lines, especially with the cheaper zooms. Pincushion distortion
describes parallel lines that appear to be pinched while barrel distortion
describes parallel lines that are bowed out.
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Pincushion and barrel distortion are present in virtually all zoom
lenses. Architectural photographers who demand straight horizontal and
vertical lines use high quality perspective control lenses or view cameras
with perspective-correcting swings and tilts.

Exaggerated examples of pincushion and barrel distortion. Neither
pincushion nor barrel distortion are obvious when photographing a threedimensional object centered in the viewfinder. Both forms of distortion can
be automatically corrected in advanced Nikon cameras and manually corrected in Photoshop.
Vignetting is another form of distortion easily corrected in Photoshop.
Some lenses at the wider apertures are brighter in the center than they are at
the edges. This makes the edges appear dark when photographing an evenly illuminated object such as a brick wall.
Vignetting usually disappears once the lens is stopped down one or
two stops. Vignetting may not be visible when photographing a scene with
an important central subject and an irrelevant background.
Another form of color distortion known as lateral chromatic aberration, aka color fringing. Color fringing, normally visible only in the largest
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prints, comes about when the lens does not focus all colors in the same
plane. This is common with inexpensive zooms which is a good reason to
stick with lenses of mid-range or better quality. Mild cases of color fringing can be corrected in Photoshop. Some of the better cameras correct
color fringing automatically.
It is enough to know that these phenomena exist and that they can be
corrected or explained. Some of the more esoteric forms of distortion are
of interest only to photographers making large display prints intended to
hang in art galleries. The worst forms of distortion can be avoided by
steering clear of cheap and/or off-brand lenses.
Diffraction
Diffraction is a form of distortion typified by reduced sharpness and
lower contrast commonly encountered in large format photography when
small apertures such as f/32 or f/45 are required to get reasonable depth of
field. Generally, shooting digital, you can ignore the effect of diffraction at
apertures of f/11 and larger.
Image Format versus Print Size
The aspect ratio of a 24 x 36 mm full frame sensor or a 16 x 24 mm
APS-C sensor is 2:3. The aspect ratio of an 8 x 10 print is 4:5. If you
make an 8 x 10 print from a digital image file, you're going to crop the
image. Failing to match the aspect ratio of your prints to the aspect ratio of
your camera deprives the user of information in the margins. The solution?
Use the entire image sized to fit the paper without cropping, leaving a white
border to facilitate smudge-free handling.
6.7 x 10 inches on 8.5 x 11 inch paper.
8.6 x 13 inches on 11 x 14 inch paper.
10 x 15 inches on 11 x 17 inch paper.
12 x 18 inches on 13 x 19 inch paper.
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Digital Noise
Digital sensors are analog devices that generate weak electrical signals when exposed to light. A processor amplifies these signals and converts them from analog to digital, with the digital image being recorded on
the memory card. Lower ISO settings require the least amplification, resulting in higher image quality. As the ISO setting is increased, the additional amplification results in noise, just as cranking up the volume on a
radio can over-drive the speakers.
Digital Noise Reduction Technology
Modern cameras have a noise reduction setting buried in their menu.
High end editors like Faststone, Gimp and Photoshop have a digital noise
reduction filter. There are standalone digital noise reduction programs, of
which Noise Ninja and Neat Image are well-known examples.
None of these programs actually remove noise. Rather, they blur fine
detail, concealing the noise. Since cameras vary widely in image quality at
high ISO and some noise reduction programs are more efficient than others,
and some photos are adequate for the intended purpose even with a generous dose of noise, proceed with caution.
Flare
Flare is caused when a strong light source strikes the lens at an
oblique angle. A lens hood will protect your photos from extraneous light
outside the camera's field of view.
Some lenses come with a lens hood, others do not. B&H and
Adorama can supply hoods marketed by the camera manufacturer and
hoods marketed under the Velo (B&H) or Pro Optic (Adorama) labels.
I've got both Nikon and Velo hoods. The only difference is that the Velo
hoods are less expensive.
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Converging Lines

The left photo is shown as shot. The right photo was "corrected" in
Photoshop. Although the vertical lines no longer converge, the picture
doesn't look right. Just because you can correct a problem doesn't mean
that you should do so.

This shot looking west from Hartsell, Colorado, shows US 24 disappearing into the distance, which is exactly what you expect to see when
you've got a long stretch of straight road.
Perspective Distortion
Perspective varies with distance, not focal length. Focal length controls the size, or magnification, of the image. You can prove this by closing one eye and looking at objects through an empty slide mount.
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This building, purporting to be the Park County jail in Hartsell, Colorado, is somebody's idea of a joke. The real Park County jail is in the city
of Fairplay. According to Sheriff Fred Wegener, the original Park County
jail built in 1873 and today's modern jail facility are the only jails that were
ever used in Park County.
The photo on the left shows wide angle distortion because it was
taken with a 24 mm lens on a full frame Nikon FE film camera from a
distance of fifteen or twenty feet. The photo on the right was shot a few
days later from across the road with a 50 mm lens.
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Chapter 5.5
Focus
Studio, portrait, fine art and landscape photographers typically focus
manually, often using manual focus lenses. While slow, manual focus it is
more precise and predictable than auto-focus.
The latest Nikon DSLR cameras have the ability to fine-tune the autofocus system to work with lenses that might be a little off due to manufacturing tolerances, a matter of scant interest to the average photographer.
Zoom lenses with variable maximum apertures are neither as fast nor
as accurate as professional lenses with a constant aperture of f/2.8 or faster.
In low light, it may take two or three seconds to focus. Some auto-focus
systems will not work with a lens slower than f/5.6.
If you routinely have focus problems while working under low light
conditions, use an external flash with an IR focus assist light. You can also
upgrade to a faster lens. Professional zooms are expensive but a fast prime
in your most commonly used focal length should be relatively inexpensive.
Although some cameras have built-in auto-focus assist lights, their
range is limited to ten or fifteen feet compared to a flash with focus assist
which might give you twenty or thirty feet. Beyond twenty or thirty feet,
you may need to focus manually while someone holds a flashlight.
When a lens is focused on infinity, objects from the infinity symbol
marked on the lens barrel to the horizon will be in sharp focus. When the
lens is focused at a distance less than infinity, which varies the focal length,
the depth of field varies with focal length and the aperture.
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There can be only one plane of best focus. Focus falls off before and
after the plane of best focus. The falloff may be minimal depending on
focal length and aperture but it is there. Aperture versus depth of field in
covered in detail in Chapter 1.4.
Auto-Focus
Modern cameras have fifty or more auto-focus sensors. This serves
two purposes when all sensors are active.
If you're shooting an action event in the sequence mode and the subject
moves out of the area covered by the central sensor, the camera will automatically hand off the focusing chores to another sensor.
If you're shooting a static scene in the single frame mode with an offcenter subject, you can use the jog wheel on the back of the camera to
select the appropriate sensor.
If you have your camera set to use the central focus sensor in the
single frame mode, partially depress the shutter release to activate the autofocus mechanism, and wait for the focus confirmation indicator before
taking the picture.
Or, switch to manual focus when the center of interest is not covered
by the central focus sensor or if the subject does not have enough contrast
to satisfy auto-focus requirements, common in closeup and fingerprint
work.
Hyperfocal Distance
Hyperfocal distance is the distance at which everything from the near
foreground to the horizon will be in focus when the lens is stopped down to
shooting aperture. This is a moot point if you're using a modern camera
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with a zoom lens but, like the Zone System and other terms in common
usage pre-digital, you'll still see the occasional reference.
You can download a depth of field calculator from
http://toothwalker.org/about.html that will automatically figure the hyperfocal distance based on image size, focal length, aperture and the anticipated degree of enlargement.
Auto-Focus Problems
A common auto-focus problem is shooting through foliage, fencing
and so forth. Your eyes focus on the object of interest, ignoring the intervening obstruction. The camera focuses on the obstruction, leaving the
subject out of focus. The solution? Focus manually.

This picture taken at the Cheyenne Mountain Zoo was manually
focused on kitty's nose using a 70 - 300 zoom at 300 mm on a Nikon
D7000, Otherwise, only the bars would be in focus. 300 mm on an APS-C
camera is the equivalent of 450 mm on a full frame camera.
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Focus and Exposure Problems

Consider shooting an overall view at an intersection accident under an
overpass. Vehicle #1 coming to a stop in the shadow of the overpass might
receive up to ten stops less light than vehicle #2 which came to a stop in
full sunlight. This is clearly a high contrast situation.
If you're in the point and shoot mode, your camera will focus and
meter not on the subjects of interest (the vehicles) but on the background
between the two vehicles, perhaps a retaining wall.
This situation calls for manual focus and exposure. Manually focus
on the closer of the two vehicles using an aperture small enough to ensure
that the more distant vehicle will be covered by depth of field.
Take an overall reading with your camera in the matrix (Nikon) or
evaluative (Canon) metering mode. Switch to the spot or center-weighted
metering mode. Take one reading from Vehicle #1. Take a second reading
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from Vehicle #2. Note the shutter speed required to yield a proper exposure at each reading. You now have two options.
Option 1 Take a photo at each of the three metered shutter speeds using
your pre-determined aperture to ensure constant depth of field.
You can now print three photos, each of which will very likely
reveal detail absent in the other two.
Option 2 If you have Photoshop or Photomatix capable of combining
high contrast photos, you can mount your camera on a tripod
and take three identical photos without moving the camera, varying only the shutter speed. You can combined the three photos into a new photo that includes detail in all three photos.
This is how the big kids do it.
A more prosaic situation
calling for manual focus is when
you find bars, fencing, foliage or
coat hangers between your camera
and the object of interest. In the
auto-focus mode, the camera will
invariably focus on the nearest
object.
Why hang a gun from a nail in the closet? That's where my wife
wanted her pet .357 Magnum peashooter if she had to take refuge behind a
locked door while waiting for the police to arrive. When I get around to
remodeling our master bedroom, I'll install a hardwired phone and a solid
core door with a 1" deadbolt lock in the closet. The hollow core door with
a key in knob lock is better than nothing.
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This picture taken with a Nikon D7000 with an 35 mm f/2 prime lens
and the built-in flash appears to be in perfect focus when down-sized to 4.3
x 6.5 to fit the printed page. Viewed on a 24" monitor, the photo is actually
a little larger than a 4 x 6 drugstore print.
If you look closely, you'll see that the revolvers grip and the cartridge
cases visible between the cylinder and recoil shield are out of focus while
the muzzle and the "important document" text level with the muzzle are in
perfect focus. This is easy to see on a 24" monitor or even in a 6.7 x 10
full frame print on 8.5 x 11 premium glossy paper.
I did indeed have a focus confirmation indication when I took the
picture but, if I'd have paid a little more attention to the viewfinder display,
I'd have noticed that camera in the program mode was shooting at f/2.8,
with a depth of field measured in inches. For closeup work, there is much
to be said for shooting in the aperture preferred mode at an intermediate
stop such as f/8 or f/11 to be sure of capturing sufficient depth of field.
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Chapter 5.6
White Balance
Digital cameras default to automatic white balance, which is another
way of saying that the camera compensates for ambient light sources that
are either more or less than the standard 5500K. Sometimes this works.
Sometimes it doesn't.
Experienced photographers often set a manual white balance. Typical
options include sunlight, tungsten, fluorescent, flash, cloudy and open
shade. Advanced cameras like the Nikon D7200 and the Canon 7D Mark II
will let you set a manual white balance to the actual Kelvin temperature, an
advantage in difficult lighting situations.
Your colors will be off if you fail to set a white balance that matches
your light source. Unless you had the forethought to include a gray card in
the scene to provide a color reference of known value, it may be impossible
to render the image correctly in the final print.
Recent Nikon cameras are reportedly calibrated to yield an accurate
automatic white balance in daylight when the color temperature falls between 4200K and 7500K.
None of the usual presets are likely to work perfectly in a situation
involving mixed light sources. If in doubt, set a custom white balance
using the white side of a Kodak gray card or an ExpoDisc available from
Expo Imaging. ExpoDisc tutorials for many cameras are available on the
Support Menu at http://www.expoimaging.net.
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See http://www.outbackphoto.com/workflow/wf_65/essay.html for
instructions on correcting color casts in Photoshop when you include a gray
card in an initial test shot.
Or, if the object of interest is within range of your flash and your flash
has enough oomph to predominate over the ambient light, just set your
white balance to flash and shoot flash.
What you do not want to do is trust to luck if you're forced to shoot
under an uncertain light source such as mercury vapor, sodium vapor or
metal halide which can vary all over the ballpark. Fluorescent can be iffy
because you've got a near-infinite number of fluorescent tubes with no way
to tell what's what in the fixture.

The photo at left was shot in direct sunlight with white balance set to
auto. The Crayon colors are natural and the 18% gray card in the foreground is middle gray, exactly what we expect. The photo on the right was
shot under a 2700K tungsten lamp using the same camera settings.

189

Chapter 5.7
Color
Black and white conveys shape and texture in shades of gray. A good
B&W print can be richly detailed. Sharpness and the ability to make high
contrast prints make B&W the medium of choice for certain kinds of technical work. For routine crime scene photography, color is preferable.
Color provides information that you can't get from black and white.
What if the defense objects to color on the grounds that Technicolor
blood and gore might prejudice the jury? No problem. A color photo can
always be converted to B&W. A B&W photo cannot be converted to color.
With color, you have more options.
Color is important in homicide investigations and any person found
dead under suspicious circumstances should be considered a homicide
victim until proven otherwise. The color of ante mortem bruises and post
mortem lividity are clues that will help the pathologist determine the cause
and manner of death.
Ideally, any person found dead under suspicious circumstances will
be examined by a board-certified forensic pathologist. In sparsely populated rural areas where homicides are rare and forensic pathologists few and
far between, the initial examination might be conducted by a justice of the
peace, a mortician, an ordinary physician or a pathologist without the additional years of training required for certification as a forensic pathologist.
Photos taken at the scene are part of the big picture. If the pathologist
can't respond in person or dispatch a medical investigator, he or she has to
depend on reports and photographs from the field to describe the condition
of the body and the circumstances surrounding the discovery.
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If the original post mortem is questioned, a second opinion might be
required. The second pathologist, deprived of an opportunity to view the
body in person, will want to see photographs taken at the scene and during
the original post mortem. The added information content in color photographs may be of considerable value.
Even if you normally shoot nothing more critical than an occasional
fender bender, adjust your camera on the assumption that accurate colors
are more important than pretty colors. Many cameras destined for the
snapshot trade come pre-configured to deliver colors more vivid than accurate.
You never know when you're going to be called upon to shoot a homicide or photograph an assault victim. The idea is to use one camera setting
for everything so you don't get tripped up by something that doesn't behave
as expected when the chips are down.
You can go into your camera's menu and adjust sharpness and color
saturation to suit yourself. The exact settings will vary from camera to
camera so it pays to read the manual.
Take people pictures and, if the skin tones are off, make adjustments
until you can capture accurate skin tones regardless of the subject's complexion or ethnicity. If skin tones are rendered accurately, other colors
should fall into place.
When maximum color fidelity is important, use flash for medium and
closeup shots of homicide victims. Flash is consistent from shot to shot
and it's the best match for shots taken in direct sunlight.
Mixed Light Sources
Even professionals have trouble when the light comes from two
sources, such as household lamps at 2700K combined with sunlight stream-
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ing through the windows at 5500K. You can't pull the blinds without disturbing the scene. Using flash to override the tungsten light might overexpose the sunlight. Et cetera.
Coming up with an exposure that will capture the entire scene will be
tough without trying to come up with a way to ensure accurate color reproduction in both parts of the scene. Motion picture crews need truckloads of
equipment to solve problems of this nature.
Painted walls are another problem. Light, whether from flash, household lamps or sunlight, will be reflected by the walls, picking up their color
and influencing the color of other objects within the room.
This might not be a big deal when shooting overall views. It can
become a big deal shooting closeups of the body and bloodstains at a homicide scene.
The solution? Get as close as possible. Angle your camera and flash
unit to avoid multiple light sources and reflections from off-colored walls.
Take a test shot in shooting light with a gray card in the scene to provide a
color reference target. With a color reference to go by, a Photoshop operator can dial in the corrections required to yield accurate colors when the
pictures are printed.
Color Perception
Ten percent of the male population is somewhat color blind. Even
people who are not color blind perceive colors differently. Obviously, you
want technicians with good color perception to process your photos so they
can dial in accurate color corrections during the printing process.
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Evaluating Color Prints
Some monitors will render colors accurately out of the box but a
monitor's ability to render colors accurately can shift as components age.
As with cameras, some monitors ship from the factory programmed to
deliver the vibrant colors preferred by the folks shooting vacation snapshots. You will find printers that do not render prints that match the image
displayed on your screen.
To make matters interesting, you cannot properly evaluate prints in
light that does not approximate the color of daylight, requiring lamps producing continuous spectrum light in the range of 3500K to 6500K. This
rules out incandescent lamps, fluorescent fixtures with lamps of unknown
value and so forth. Desk lamps with 6,500K continuous spectrum bulbs
will suffice for casual use
I use a 50 watt PAR 20 lamp with a 30o beam spread and a color
temperature of 3,500K from http://www.solux.net. Solux lamps are the
world standard in print viewing stations, art galleries and museums.
If your monitor is off, you'll need a color calibration tool such as the
Spyder 4 Pro from http://www.datacolor.com. Once your monitor is calibrated, you should be able to obtain satisfactory results using the ink and
paper specified by the printer manufacturer.
Professional photographers who live and die by the quality of the
colors in their exhibition prints often profile their printers to provide an
exact match for the colors displayed on a calibrated monitor. The process,
known as color management, will be familiar to a Photoshop operator.
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The photo on the left was taken with an off-camera SB800 flash. The
photo on the right was taken with an on-camera Digi-Slave 3200 ring light.
Both photos were taken with white balance set to Auto.
The photo on the left is accurate. The photo on the right has a bluish
cast but it shows detail not evident in the left photo, perhaps because of a
variation in color temperature or the light striking the skin at a different
angle. The discolorations are a souvenir from a long-ago cellulitis infection.
Photos taken to show how bruises develop over time must be taken
using the same camera settings, the same lighting setup and in the same
environment as the original photos to be of any value. Otherwise, you'll be
recording differences in color balance rather than the progress of bruising.
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Chapter 5.8
Filters
Every photographer needs a polarizing filter in his or her kit, if only
to control reflections from non-metallic surfaces such as water or window glass. Color correction and contrast-enhancing filters from the film
era are rarely needed these days because digital cameras will let you adjust
for the prevailing light source via the white balance control.
Filters subtract unwanted light which has the dual effect of eliminating undesirable colors which is good and reducing exposure, which is bad.
Losing one or two stops to a filter might force you to use a tripod when you
could otherwise shoot handheld.
Cameras with through-the-lens metering systems automatically correct for any reduction in exposure caused by using a filter. If you're using a
hand meter, you will have to reduce the metered exposure according to the
manufacturer's published filter factor to compensate.
There are several kinds of filters. The ones that we're interested in are
protective UV filters, barrier and bandpass filters for infrared and ultraviolet work, and contrast filters for fingerprints and questioned documents.
The terms barrier and contrast depend on how a filter is used. A filter
used to enhance weak ultraviolet fluorescence is a barrier filter. The same
filter used to improve contrast in conventional photography is a contrast
filter. The Hoya and Tiffen brands are widely distributed in the US while
the Schott and Schneider brands are readily available in Europe.
I recommend using a Hoya Super HMC UV or a Hoya Pro1 Digital
UV filter to protect frequently used lenses. Hoya filters use homogenous
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glass and have durable coatings which may be advantageous in filters subject to heavy use.
A multi-coated circular polarizer can be used to control reflections
from non-metallic surfaces such as water, glass and paper or to darken a
blue sky for extra contrast. I use one for landscape photography when the
sky isn't dark enough to suit me.
The contrast filters formerly use in B&W photography still have
applications in fingerprint, questioned document and UV/IR work. Contrast filters lighten their own and similar colors while darkening colors that
are their opposite on an artist's color wheel, available at any art supply
house or by mail from http://www.colorwheelco.com.
Click HERE for a useful article by Stephen Staggs on using filters to
enhance contrast when using B&W film for fingerprint photography.
Fingerprint examiner Esther Neate suggests that red, green, blue and
yellow plus UV and polarizing filters will satisfy most purposes. Other
sources mention deep yellow and orange. Click HERE for convincing
proof that filters and forensic lighting should be part of every evidence
photographer's tool kit.
Common Filters and their Applications
Tiffen
Hoya
Darkens Barrier For
No. 8 - Yellow
K2 - Yellow
Violet
No. 11 - Green
X1 - Green
Red
No. 15 - Deep Yellow
Blue - Violet 395 - 470 nm
No. 16 - Orange
G - Orange
Blue
No. 25 - Red
25A - Red
Blue - Green 495 - 570 nm
No. 47 - Blue
Yellow
Click HERE to download the Hoya filter catalog. Click HERE to
download the Tiffen filter guide.
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Chapter 5.9
Composition
Photographers with artistic pretensions follow all sorts of rules to
make their photographs interesting. Photographers with real talent ignore
these rules to make their pictures stand out from the crowd. In either case,
the center of interest is rarely in the center of the frame.
The opposite is true in police photography. The center of interest
should always be in the center of the frame. The obvious exception is a
scene containing multiple objects of interest. In this case, the scene itself is
the center of interest rather than a specific object within the scene.
Most texts on police photography advise shooting overall views to fix
objects within the scene in relation to other objects, medium closeups to
provide details that can't be seen in overall views and closeups to capture
details that can't be seen in medium closeups.
That's the way it was done when we are all shooting Tri-X and making 6.3 x 9.5 inch prints on 8 x 10 paper processed in trays full of smelly
chemicals.
It still needs to be done that way by today's photographers using 24
MP digital cameras because many 24 MP digital image files will be downsized to make 4 x 6 prints or for insertion in Power Point presentations.
Once down-sized, a 24 MP digital image contains no more detail than a
photo originally shot on Kodak Tri-X.
Amateurs invariably stand too far from their subject or use a wide
angle when they should be using a normal or telephoto focal length, either
because they don’t know any better or because they're afraid of missing
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something. As a result, they lose detail that could safely be captured if they
framed a little tighter.
The solution? Compose your pictures tight but not too tight. You
want to capture as much detail as possible while including enough background so that the context is obvious.

The shaded areas represent the area will be cropped if you print an
image with a 2:3 aspect ratio on 8 x 10 paper with a 4:5 aspect ratio. Always print full frame using the entire image area.
Photography is more art than science. Learning to frame a photo to
exclude irrelevant detail while capturing sufficient foreground and background detail to reveal the context requires both experience and constructive criticism from a qualified instructor, supervisor or mentor.
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Chapter 6.1
Documentation
Get a time hack from the dispatcher or use the time on your cell phone to
verify the date and time in your camera's setup menu.
You can buy a good compass for ten bucks. Make sure that the North in
your photos is the same as the North on the crime scene drawings.
Defense attorneys like nothing better than to find stupid inconsistencies
when several people are involved with processing a crime scene.
A person submitting evidence to a court of law cannot rely on
memory. How the evidence came to be collected and processed must be
documented at the time to prove that the evidence is exactly what it is
purported to be. Among other things, this process preserves the chain of
evidence, without which the evidence may not be admissible.
A forensic scientist working in a laboratory uses bench notes to document his or her work. A detective uses a variety of narrative reports and
interview transcripts to document the progress of an investigation.
A crime scene investigator must process the scene in accordance with
established standards and document the evidence collected and the method
of collection, to include photographs and scaled drawings describing the
scene itself and the location of evidence within the scene.
Much of the information previously recorded in logs during the film
era is now available in the EXIF file associated with digital photographs.
Record only the information called for in your department's protocol.
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Visit any museum with a photographic exhibit or view the coffee
table books on display at Barnes and Noble. Every photo will have a label
or caption indicating when and where the photo was taken, the name of the
photographer, and the names of people within the photo.
This was true of photographers working out of horse-drawn wagons
during the nineteenth century and photographers employed by publications
such as the National Geographic in the twenty-first century.
The Nikon D5 and the Canon 1Dx Mark II are designed for photojournalists. They are rugged enough to survive abuse that would destroy
lesser cameras. These cameras include a voice recorder to give users a way
to dictate caption information without depending on paper and pencil.
Back in the cave days, I used a small voice-activated cassette recorder
to maintain surveillance logs. The newer digital recorders are even better
and we now have Dragon Naturally Speaking to simplify the process of
transcribing voice recordings. The digital audio should be archived exactly
digital images are archived to prove that the transcript is accurate.
In some jurisdictions, you will be required to shoot every scene twice.
Once before scales and markers are placed within the scene and again after
the scene is processed. Both sets of photos must be documented in accordance with your department's standard procedures.
In Advanced Crime Scene Photography, Christopher Duncan uses
Sharpie pens, disposable paper scales and standard index cards to label
photos with locations, dimensions, directions and so forth, such as "Bullet
Entry Hole, Bedroom 3, North Wall, 54" Up."
Officer Duncan is not averse to writing on the wall itself. Walls
defaced by bloodstains and bullet holes will have to be repaired and repainted in any event.
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Be careful with abbreviations. AFF is a standard architectural abbreviation standing for Above Finished Floor, which might be clearer than
"Up" to people with some training in architecture or drafting.
One source reports using BEH for Bullet Entry Hole. There's one
problem with that. Bullets commonly leave both entry and exit holes, often
several entry and exit holes. The E in BEH could stand for Entry or Exit.
If there is even the slightest chance that an abbreviation might be
confusing to jurors, attorneys and other officers, print clearly and write
things out.
Living in an area where six hundred pound grizzly bears are the apex
predator and two hundred pound mountain lions have been known to invade homes looking for a tasty puppy, I test my revolver ammo on stacks
of well-seasoned 2 x 8 boards. For my purposes, a load that fails to fully
penetrate six inches is marginal.
I leave you, dear reader, to judge how many layers of half inch drywall are required to equal six inches of #2 Southern Yellow Pine.
Whatever the number, it equates to a substantial number of entry and
exit holes in residential walls before the bullet finally comes to rest, each of
which must be documented and diagramed in a manner that will permit
attorneys and jurors to distinguish between entry and exit holes.
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Chapter 6.2
The "Right" Angle
Best practice calls for photographing objects of interest, be it a dead
body in the trunk of a car or an outdoor scene several acres in extent, from
several angles to show others all that you have seen and to preserve detail
that might not be considered important at the time.

Think of these angles as points on the compass. The cardinal points
are North, South, East and West. The ordinal points are Northeast, Southeast, Southwest and Northwest. Graphic courtesy Wikipedia.
A compass, available at any sporting goods store, is an essential part
of a crime scene investigator's kit. The directions listed on your shot log
should conform to the compass rose on the crime scene drawings, just as all
dates and times should be in sync.
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For our purposes, north can be the head of a body, the entrance to a
building, the front bumper on a car or anything that can be construed as the
top or front of an object.

Depending on distance and focal length, four shots from the four
ordinal points of the compass (NE, SE, SW and NW) will give you two
views of each side of an object that is more or less square or rectangular.
Shots from the ordinal points will give you oblique views. This, in
turn, opens the door for perspective distortion and light falloff due to the
inverse square law if you're shooting with flash. Depth of field can be a
problem shooting with a large aperture under low light conditions.
Light falloff may not be objectionable indoors because reflections
from the walls and ceiling tend to equalize near-to-far exposure in small to
average rooms. Outdoors, light falloff can't be ignored.
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The solution is to take four additional shots from the cardinal points
of the compass. This eliminates both perspective distortion and light falloff
at the plane of the subject regardless of distance or focal length. You can
shoot at a large aperture without worrying about depth of field.
Shots from the cardinal points of the compass are mandatory when
there is important detail such as bloodstains, bullet holes or collision damage on any or all of these surfaces.
In Crime Scene Photography, required reading for IAI certification,
Edward Robinson takes the position that straight-on views from the cardinal points of the compass are more important than oblique views.
During the film era, tangible labor and material costs were associated
with every photo. Now, if you have to walk from the NW corner of whatever it is you're shooting to get to the NE corner, you might as well pause
for a few seconds to get a North view while you're at it. Memory cards and
hard drives are now so cheap that you don't have to be stingy.
Shooting with flash indoors, beware of reflections from windows,
mirrors and light-colored walls. Outdoors, you're likely to see an overexposed foreground and an underexposed background but that's just the nature of the flash beast.
You can, to some extent, minimize light falloff when you edit your
flash photos, by adjusting the highlight and shadow values. This is easy
but it can't be done with a heavy hand.
Reality often conflicts with theory. Bodies are commonly found in
the back seat of a two door sedan. Your only shot may be from the front
seat or through a side window. An automobile accident in a tunnel or on a
narrow mountain road can severely limit your choice of camera positions.
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Even in daylight, you can't possibly shoot a long train in a single
photo. Day or night, you can shoot individual units and the couplings
between them. If the photos are presented in sequence with the equipment
number of the leading and trailing units visible in each photo, the viewer
should be able to get a clear picture of what you saw when you were taking
the pictures.
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Chapter 6.3
Flash Photography
Police work is shift work. The fun begins when the sun goes down
and continues until well after last call at the local watering holes. It follows
that many evidence photos will be taken at night, indoors and out, often
under adverse weather and lighting conditions.
Flash is the obvious solution. Less obviously, flash can be used to fill
in the shadows, improve contrast and correct color balance even when there
is enough light to shoot without flash.
When flash will not suffice and you can't afford to wait for daylight
or call in an emergency service unit with generator-powered flood lights,
painting with light and time exposures might be your only options, requiring an adjustable camera and a substantial tripod.
Modern flash units have a number of shooting modes, the most common of which are TTL and TTL with automatic fill. Flash units come with
instructions every bit as dense as the instructions that come with modern
cameras. Learn how to lock in the flash exposure when the center of interest is not in the center of the scene and how to set flash exposure compensation independent of the camera exposure.
Selecting a Flash Unit
If the small flash built into your camera doesn't have enough power,
buy the most powerful flash offered by the camera manufacturer. If the
camera manufacturer's flagship flash doesn't have enough power to cover a
large outdoor scene, consider the Metz 76-MZ5 or a Quantum Q-Flash.
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If you can't photograph a small building, a large locomotive, a tractortrailer rig or skid marks extending one hundred feet or more, you're limited
to close range snapshots. Don't shoot until the ready light comes on.
Wait five seconds after the ready light comes on to make sure that you're
shooting at full power.

The photo of a forty foot concrete pumper on the previous page was
taken with a Nikon D7000 and an SB-800 flash. Program mode at ISO
1000. Photographers using professional cameras with external flash units
have always taken this kind of performance for granted.
Metering Modes
Matrix metering reads the entire scene, including the foreground and
background. Shooting flash, you might have better luck using the centerweighted metering mode. Since each camera is different, use your LCD
display and histogram to determine what works best in your situation.
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Flash Sync Speed
All cameras have a flash sync speed representing the maximum shutter speed that can be used with flash. Typically, this is 1/250th of a second.
Shoot in the Shutter Preferred mode at the highest flash sync speed supported by your camera and the flash exposure will predominate over ambient light. This is handy in a mixed lighting situation when you want to
eliminate an undesirable color cast. If you want a mixture of flash and
ambient light, shoot at a slower shutter speed such as 1/60th of a second.
Flash Coverage
If you're using a zoom lens, Canon and Nikon flash unit will adjust
the area of coverage from wide angle to telephoto by moving the flash tube
within the reflector assembly. If you zoom out to wide angle, you'll get
more coverage but less range. Zoom in, you'll get more range but less
coverage.
Nikon flash units will let you manually adjust the angle of coverage
when using the flash off camera, as when painting with light. This will let
you put the light where you want it. You can gauge the proper distance
between flashes by popping test shots before going for the money shot.
Flash Range
Check the manual to determine the maximum range of your flash unit
at various focal lengths and ISO values. Obviously, you'll get more range
at the higher ISO values. With an f/2.8 lens and ISO cranked to the max,
you might be able to reach out to one hundred feet at the price of an overexposed foreground. Real world results are usually less.
The Nikon SB-800 manual claims a maximum automatic TTL flash
range of sixty-six feet. I have no problem getting good exposures at fifty or
sixty feet using a Nikon D70 at ISO 1000. My D7000 will give me one
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hundred feet or more cranked up to ISO 6400. Shooting wide open with
the flash in the Manual mode will give you more range, should you need it.
Close range overexposure problems are easily solved by using the
little plastic diffusion dome that came with your flash, or even a piece of
white paper taped in front of the flash loop fashion. Some flash units have
pullout wide angle diffusers that work like a charm.
Bounce Flash
Normally, you would shoot with the flash unit pointed straight ahead
but the better flash units can be rotated down for closeups or angled to
bounce the light off a convenient wall or the ceiling. This works well if the
walls and ceiling are painted a reflective white. The results can be unpredictable if the ceiling is neither white nor reflective.
Auto-focus Using Flash
Many cameras have a built-in focusing light. The range is seldom
more than fifteen feet. Cameras with an infrared focusing light and external flash units that project an infrared grid generally have more range and
provide more accurate focus than focus-assist systems using white light.
With an infrared focus assist, you can generally count on getting
accurate auto-focus if you can see the focus-assist light reflected from the
target. If not, switch to manual focus and use a flashlight.
Normal Flash
Normal flash pictures, for want of a better term, are the kind of flash
pictures taken at routine crime scenes. Observe the caveats that apply to
non-flash photography. Automatic flash works well when the scene contains a mixture of light and dark tones averaging out to middle gray and the
object of interest is in the center of the scene.
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If the subject is off center, meter and focus on the object of interest
and lock in the readings. Then recompose and shoot in the usual manner.
Verify that the exposure lock method used for ambient light photography
applies to flash photography.
If you've got a body in the snow or something of that nature, check
your histogram and if the exposure seems a little off, consider switching to
center-weighted or spot metering before taking another picture.
Red Eye Reduction
Shooting with a flash mounted close to the lens, common with point
and shoots and popup flash units, light reflected off blood vessels at the
back of the eye will cause a phenomenon known as red eye.
Leave the camera's red eye reduction option off. Red eye reduction
works by firing a series of preflashes before the actual exposure. In theory,
this will cause the subject's pupils to contract, eliminating reflections from
the aforesaid blood vessels. In practice, it makes people blink. The better
solution is to use a shoe-mount flash and a Lumiquest Pocket Bouncer.
Off-Camera Flash
If you'll recall, the angle of incidence is equal to the angle of reflection. Often, the only way to eliminate reflections from a shiny surface is to
move the flash off-camera. Closeup photography frequently requires grazing light to bring out detail. Off-camera flash is the answer.
Nikon makes two off-camera flash cords. I recommend the SC-29
with a focus assist light. While this cord will stretch to nine feet, you'll
need a second pair of hands if you need more than two or three feet.
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Daylight Fill Flash

A picture taken on an overcast day can appear dull and lifeless. You
can to often improve a low contrast photo by tinkering with the contrast
and saturation sliders in Faststone or Photoshop. The photo on the right
was jazzed up merely by using the popup flash on a Nikon D70, which
automatically threw some 5500K light on the old dozer.
The Strobist
If you want to know more about flash photography and you've already studied Wayne Fulton's Flash Photo Basics, click HERE and HERE
to download the Lighting 101 and Lighting 102 tutorials by David Hobby,
publisher of http://www.strobist.com.
A strobist is someone using ordinary shoe-mount flash units just as a
studio photographer might use large and expensive studio strobes. For a
small sample of what's available on this site:
Click HERE for a tutorial on using a monopod and an off-camera cord
to illuminate subjects that can't be photographed with on-camera flash.
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Click HERE to see a tutorial on lighting a thirty-four person group with
two strobes in a classroom.
Click HERE to see a tutorial on lighting a basketball court with two 50
watt-second strobes, Pocket Wizard remotes and inexpensive clamps.
Click HERE to see a tutorial on lighting a basketball court with four 640
watt-second strobes, Pocket Wizard remotes and high end clamps.
Read The Manual
I cannot count all of the shooting modes described in the manual that
came with my Nikon SB-800 flash. The modes that I routinely use on my
Nikon D70 and D7000 cameras are iTTL, iTTL/BL and Manual. iTTL is
Nikon's digital flash protocol.
The iTTL/BL mode for daylight balanced fill flash is handy when you
want to throw a little extra light on a subject to open up the shadows and
bring out a little more color and contrast.
Reality Check
If you want peace of mind, use the current Nikon flagship flash on
your current Nikon camera and the current Canon flagship flash on your
current Canon camera. Current Canon and Nikon flagship flash units have
built in remote control circuitry offering sophisticated exposure control.
Avoid flash units with a trigger voltage higher than 12 VDC. Some
flash units from the film era have trigger circuits higher than 100 VDC.
Click HERE for an explanation of flash exposure control methods.
Click HERE for a list of Nikon-compatible flash units.
Click HERE for a list of Canon-compatible flash units.
Click HERE for a list of flash units with strobist-style manual controls.

212

Click HERE for a list of flash unit trigger voltages.
Click HERE for instructions on measuring flash trigger voltages.
Click HERE for a list of essays covering such things as lenses suitable for
IR photography and advice on spotting Internet scams.
BSP (Before Smartphones)
According to an article
HERE, famed New York press
photographer Arthur "WeeGee"
Fellig is responsible for the quote
"f/8 and be there." Fellig reportedly based his success on two
simple rules:
Shoot at f/8 so you're sure
that the picture will be in
focus.
Get to the scene before anyone else so your pictures,
the bloodier the better, will
be appear on the front page
above the fold.
WeeGee made his mark when you had to know what you were doing
to be considered a photographer. His darkroom was in the trunk of his car
so he could deliver his photos in time to make the next edition.
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Chapter 6.4
Manual Flash
Automatic flash is so reliable that some photographers have never had
occasion to use manual flash. In the cave days, manual flash exposures
were calculated by using a guide number. Set the camera to the flash sync
speed, divide the guide number for the ISO that you're using by the distance in feet, and the answer is your shooting aperture.
Published guide numbers tend to be somewhat optimistic. If you
expect to shoot manual flash on a regular basis or if you're using a manualonly flash such the 400 watt-second Norman, create your own indoor and
outdoor guide number tables by trial and error. A handheld light meter is
helpful but far from essential.
In the manual mode, you can adjust your flash to put out 100% of its
full power or some fraction thereof. The reduced power modes are handy
in closeup photography.
Manual or automatic, wait an extra five or ten seconds after the ready
light comes on. Ready lights are programmed to come on before the capacitor have cycled to full charge. This is of no consequence unless you need
every last watt-second to give you maximum range.
Manual flash is not difficult but you will have to experiment to find
out what works with your camera and flash unit. You will almost certainly
be shooting in the manual focus as well as the manual exposure mode. You
will undoubtedly need a good flashlight to help you focus on a distant
target and perhaps a helper to hold the flashlight while you deal with your
camera.
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The Rampart Range library in Woodland Park. Nikon D7000. SB800 flash using the full power manual mode. 1/60th of a second at f/5.6,
ISO 6400. Nikon 18 - 105 lens.
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Chapter 6.5
Painting with Light
No matter how powerful your flash, photographing large scenes or
long skid marks may require a technique known as painting with light.
There are three techniques that fall into the painting with light category.
The first method involves firing a series of flashes from various
points until you have illuminated the entire area of interest. In the
old days, we did this with flashbulbs. Today, digital cameras and
electronic flash make the process much easier.
The second method involves painting the scene with a continuous
light source such as a Q-Beam.
The third method involves standing beside the camera and firing a
series of flashes from a single position until you deliver enough
light to properly expose the area of interest.
Regardless of which method you use, painting with light is a manual
focus and exposure proposition. Set the camera on a sturdy tripod. Focus
and compose using the largest aperture that will provide adequate depth of
field. Lock the shutter open using the time or bulb setting. With an assistant holding a hat or gray card in front of the lens between pops, fire a
series of overlapping flashes sufficient to cover the scene.
Naturally, you'll be using the flash in the manual mode and firing by
means of the test button. Manually adjust the flash angle to the widest
setting consistent with the reach needed to cover the areas of interest. You
can adjust flash output to match your shooting aperture by firing each flash
from a distance calculated by trial and error to provide the proper exposure
in the center of the scene.
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You will, naturally, need to experiment with your camera and lighting
equipment to see what aperture and ISO value gives you the best results.
Chimp a few test shots and check your LCD display and histogram to find a
combination that works for you.
If you start at the far end of the scene and move towards the camera,
you might not show up as anything more than a faint ghost image if you
stray into the picture area.

Use the test button to visualize flash coverage. This technique requires practice but, if there's a better way to capture a long skid mark on a
dark and dismal stretch of highway, I don't know what it is. Photo courtesy
Investigator Robert Kramer.
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Chapter 6.6
Multiple Flash Setups
There is only so much that you can do with on-camera flash, even
shooting in the full power manual mode. Techniques such as time exposures and painting with light work well for static scenes where you have
neither people nor moving vehicles intruding on the target area.
Multiple flash setups give you a way to cover a large area in a single
instantaneous exposure, freezing the motion of people and vehicles in the
scene. It works for indoor group photos. It works for indoor sports. It
works for underground caverns several acres in extent. It works for
closeup and portrait photography.
Your options are limited only by the budget and how much room you
have to spare in your car or truck. A sports photographer shooting a high
school basketball game might wire the arena with four or more battery
powered radio controlled 640 watt-second strobes strategically placed near
ceiling level, covering the entire court with even illumination.
For run and gun location shooting, which is the essence of wedding,
news and crime scene photography, two or three lights on portable stands
or pipe clamps that can be set up, moved around as needed and knocked
down quickly will get the job done.
Press, wedding, portrait and editorial photographers have been doing
this sort of thing for years. Click HERE to see an article about railroad
photographer O. Winston Link. Link used hundreds of flashbulbs and
thousands of feet of wire to light his iconic photographs.
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An O. Winston Link photo and the mountain of gear required to take
the photo. Like WeeGee, Link was a master of his craft. Photos courtesy
Wikipedia.
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Chapter 6.7
Time Exposures
Many night scenes have enough ambient light to permit making time
exposures. All it takes is a sturdy tripod. Use an aperture small enough to
ensure adequate depth of field and an ISO low enough to ensure maximum
picture quality. Check your histograms..

These photos were taken by Hayden Baldwin's students using Nikon
D80 cameras. The first picture was shot with flash. The second is a time
exposure.
If you have enough light for the camera's auto-focus and autoexposure systems to work properly, by all means let the camera do the
heavy lifting. You can always chimp your test shots and dial in exposure
compensation until you're satisfied.
When the scene is too large or the ambient lighting is too weak to
depend on auto-focus and auto-exposure, we're back to shooting in the full
manual mode.
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During the film era, we set the aperture and varied the exposure by
adjusting the shutter speed. I've had better luck using a constant aperture
and shutter speed, varying my exposure by adjusting my ISO. This ensures
that I'm shooting at the lowest practical ISO value.

The Rampart Range library. Three seconds at f/3.5, ISO 1000.

The main drag in beautiful downtown Woodland Park. One second
at f/4.5, ISO 1000.
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Chapter 6.8
Closeup Photography
Closeup photography can be defined as any photo of a small object
that you can't be sure of getting with the desired degree of detail using the
equipment and technique used to shoot overall views and medium closeups.

Any decent camera will do a good job on an object the size a box of
35 mm film or an OTC pill bottle. On the left, a Panasonic ZS9 pocket
camera using the built-in flash. On the right, a Nikon D7000 with a 60 mm
macro lens using the built-in popup flash.
The DSLR photo was cropped to match the 4:3 aspect ratio of the
pocket camera and both photos were adjusted for levels and sharpness in
Faststone. With these tweaks, you'd be hard-pressed to tell the difference
between the $129 pocket camera and the $1,200 DSLR with a $600 lens.
While comparisons are not invariably odious, you really need a 24" or
better monitor or a high quality 12 x 18 inch print to see the differences, if
any, between the two photos reproduced above. Either of the above photos
could be enlarged to 20 x 30.
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The real problem shooting closeups is controlling reflections when
you need to shoot with the camera perpendicular to the subject. Left photo,
Panasonic ZS9 using the built-in flash. Right photo, Nikon D7000 using a
SB-800 flash with diffusion dome tilted at a 45o angle.
Viewed full screen on a 24" monitor, barrel distortion is evident in the
pocket camera photo. The highlights are completely blown. No detail can
be recovered from the overexposed flash reflection.
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Depth of field is another problem. The .44 Magnum SJHP on the
previous page expanded to 3/4 of an inch but only the petal nearest the
camera is in sharp focus. Nikon D70, 60 mm macro, f/32.

Tilting an external flash up at a 45o angle with a diffusion dome attached will solve many reflection problems with a flat target perpendicular
to the camera. You need to move your light away from the lens axis when
shooting a curved surface such as a 35 mm film canister or a pill bottle.
Nikon D7000, 60mm macro lens, off-camera flash, aperture priority
1/250th of a second at f/32. 1/250th is the D7000's fastest flash sync speed,
reducing glare from room lights. F/32 is the 60 mm f/2.8 macro's smallest
aperture, providing maximum depth of field.
The Portra 400 label is sharp. The paint scratches in the second zero
in 400 and adjacent to the C in Color are sharp. However, the top and
bottom edges are soft, again demonstrating the shallow depth of field encountered in closeup photography.
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An SC-29 off-camera flash cord permitted positioning the handheld
flash to the left and slightly above the canister, eliminating reflections. The
SC-29 currently lists for $69.99 at B&H. I paid $75.00 for mine twenty
years ago. It's served with SB-26, SB-28 and SB-800 flash units and Nikon
N90, F4, F100, D70 and D7000 cameras.
Copy Stands
A good copy stand and lighting setup can save time and aggravation if you need to photograph
documents and small articles of
evidence in a studio or lab setting.
Cheap copy stands are no bargain. I
suggest the Kaiser RS1 base with a
Kaiser RT-1 camera bracket as a
reliable benchmark.
In this instance, the objective
was to photograph the pistol's serial
number but the camera had to be
raised somewhat to show the pistol.
A shot taken with the camera at this
height using a ring light would have
had an undesirable hot spot.
Space permitting, order your copy stand with the factory-installed
lighting system. If you can find an old Polaroid MP4 copy stand, grab it.
Closeup Lighting
The following photos were taken with a Nikon D70 and a 60 mm
macro lens in the manual focus and exposure modes at an aperture of f/16
using a copy stand and two ten-inch reflectors with 6500K lamps
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The SIG P220 serial number is on the side of the frame above the
trigger guard, an easy shot. Bottom: The S&W Model 29 serial number is
under the cylinder crane, requiring a carefully positioned light.
Handy Gadgets
The diffusion dome supplied with
Nikon flash units, the ability to tilt and
rotate the flash head and an off-camera
flash cord are indispensable tools for
closeup photographers working above
the point and shoot level. Photo courtesy Nikon.
You can order diffusion domes for
any flash unit from stofen.com. The
price is a very reasonable twenty dollars.

Other inexpensive items that I can't do without is a handful of inexpensive Mylar rescue blankets, $9.00 for a ten pack from amazon.com.
There may be times when you can't avoid going prone on muddy ground or
a bloody floor. A 90¢ rescue blanket will protect your clothes.
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The Manfrotto flexible arm
clamp available as a unit from Evident
Crime Scene Products and as individual pieces from B&H, either alone or
in conjunction with a good focusing
flashlight, 700 lumens or better, will
solve many location lighting problems.

A Joby Gorillapod with a small
ball head will solve many closeup
photography problems. It can even be
held against a wall to photograph
fingerprints, bullet holes and bloodstains on vertical surfaces. Use a
Gorillapod with a Manfrotto Superclamp to position a focusing flashlight
or a forensic light source just where
you want it.
This Manfrotto flexible arm
clamp can be used to position a light.
This assembly is available from Evident Crime Scene products or the
individual pieces can be purchased
from any Manfrotto dealer.
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The Harbor Freight Helping
Hand ($8.99), minus the magnifier
and soldering iron holder, is another
useful device for position scales
adjacent to evidence being photographed.

If you're a shoeprint examiner
and your time is worth more than
10¢ an hour, you need one of these
from ForensicSource.com. While
seldom found on a CSI truck, devices such as this are an essential part
of any forensic laboratory's photo
setup.

If you're handy with tools, you
can improvise a number of devices
that can be used to position cameras, scales and evidence. This scale
holder was constructed from a
block of scrap wood, an alligator
clip and a length of 12 gauge wire.
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Chapter 6.9
Photomacrography
Photomacrography occupies the middle ground between ordinary
closeup photography with a 1:1 macro lens as described in the previous
chapter and high magnification photomicrography as described in the following chapter. My interest in was sparked by two articles published by
the Westchester County, New York, crime lab.
Click HERE and HERE to see these articles in their entirety. One
paragraph caught my eye.
Some items of evidence, due to their small size, require special techniques for documentation. Photomacrography, which is the use of a
bellows or extension tubes between the lens and camera to increase
magnification, is useful for documenting bullets and headlamp filaments. Photomicrography (photography through a microscope) is often used for documentation of trace evidence such as paint
chips, hairs and fibers.
Bullets, paint chip, hairs and fibers are obviously jobs for a specialist
in a well-equipped laboratory. You wouldn't think that there would be
much call for photographing automotive light bulbs but you'd be wrong.
Many police crime labs have established procedures for collecting
and preserving light bulb evidence. Click HERE for the IndianapolisMarion County evidence submission guide. Many forensic engineering
firms specialize in light bulb analysis. An article on Examination of Automotive Light Bulbs by Eric Stauffer, PhD and MFS, is available on line in
the November 2007 issue of the Journal of Forensic Science, Volume 52,
Issue 1.
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Forensic examination of an automobile light bulb can tell an analyst
whether the light was on or off at the time of the collision and provide
some indication of the forces involved. This has implications in both civil
litigation and criminal prosecution.
Let's assume that you already have a DSLR camera, a 1:1 macro lens,
an external flash, an off-camera flash cord and a decent tripod. Strictly as
an intellectual exercise, consider what else you might need to photograph
the filament in an automobile headlight, taillight or turn signal.
The first thing that you'll need is a sturdy table, approximately 36 x
72. A library or lab table is perfect. The table needs to support expensive
equipment which must be held perfectly steady and in perfect alignment.

An automotive light bulb is roughly the size of a 35 mm film canister.
An ordinary 1:1 macro lens will do for your overall view. A typical lamp
filament is half an inch long. A set of Kenko or Vello extension tubes will
get you down to half an inch. Available for Nikon and Canon.
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Extension tubes increase the focal length of your lens with a corresponding decrease in the amount of light available for focusing. You'll
need some fairly bright lamps to focus, even if you use flash to take the
actual pictures. I suggest 12" Impact FL-12 reflectors on Impact LS96HAB light stands with 65 watt 6500K compact fluorescents.
Shooting flash, I prefer to focus wide open and shoot at the maximum
flash sync speed, 1/250th of a second on a D7000, to minimize the effect of
ambient light, stopped down to f/32 for maximum depth of field
Generally, TTL flash works well using manual focus at 1/250th and
aperture exposure at f/32 but you may have to experiment to see what
works for you.
I use manual focus more out of force of habit than necessity. My
D7000 will auto-focus with sufficient accuracy if the subject is wellcentered and I can brace myself on a table top or door frame to maintain a
consistent composition and distance from the subject.
If direct flash is causing undesirable reflections and your not
happy using the diffusion dome that
came with your flash, try a Lumiquest Pocket Bouncer. I've carried one for years. It isn't something that I use often but it comes in
handy when you want softer light
than you can get with direct flash.
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How do you hold a lamp with a round glass bulb and a round metal
base in position on your evidence stand? Short answer, Bard's Tacky Wax,
Quake-Hold Museum Wax or adhesive wax from shopevident.com.
Photographing an automotive light bulb to show details of the filament, broken or unbroken, requires a macro lens, a stable support for both
the bulb and the camera, studio-type lighting, a light box to give you a
shadow-free background and a steady hand. Photos courtesy Wikipedia.
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This sort of thing requires lots of experience. You aren't likely to get
it right the first time but you can purchase a never-ending supply of automotive lamps at Walmart and it costs nothing to take a digital picture until
you print the best of your keepers.
A Custom Setup

This photomacrography system designed and built by Chris Slabaugh
would be at home in any forensic laboratory. Photomacrography is a studio
or laboratory endeavor. Only the bravest of the brave would try it in the
field or in a haphazard office environment.
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Chapter 6.10
Photomicrography
See http://www.krebsmicro.com/microsetup2/index.html for a photomicrography setup of the type commonly seen in forensic laboratories.
Except as noted above, the photos in this chapter were provided by
Sergeant Larry Barksdale of the Lincoln, Nebraska, police department.
Sgt. Barksdale, now retired, is teaching at the University of Nebraska at
Lincoln.
Click HERE for a concise, plain English overview of microscopes
generally. Prices range from several hundred to many thousands of dollars.
Conventional closeup photography with a macro lens will take you
down to a 1:1 reproduction ratio, generally suitable for fingerprints, tool
marks, serial numbers, questioned documents and so forth. In most cases,
this is all that a police photographer will have to deal with.
Things are a little different when we move into the lab where the
photographer, or more commonly an evidence technician or a forensic
scientist, might be required to photograph hair, fiber and trace evidence.
Conventional closeup photography involving reproduction ratios
down to 1:1 requires nothing more than a standard macro lens. Photomacrography requires a macro lens plus either bellows or extension tubes.
Photomicrography requires a microscope. There is actually quite a bit of
overlap between the high end of the photomacrography range and the low
end of the photomicrography range.
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Photomacrography and photomicrography are not rocket science but
they do require more and better equipment than the average crime scene
investigator will carry in his or her vehicle, and perhaps more knowledge of
the photographic process, especially with regard to lighting and exposure.
Microscopes can be found in every forensic laboratory worthy of the
name. According to the Scientific Workgroup on Gunshot Residue, more
than one hundred and forty scanning electronic microscopes are used in
forensic laboratories around the world, not to mention thousands of university and research laboratories. A number of manufacturers now make
desktop scanning electron microscopes.

Sergeant Barksdale purchased this stereo microscope from an on-line
retailer. The cost was a budget-friendly $350 in 2011. Photomicrography
is an indispensable tool in any forensic laboratory. Laboratory-grade Zeiss
or Leica comparison microscope of the type used by firearm and tool mark
examiners are expensive.
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This photo of the .45 cartridge case shown on the computer screen on
the previous page was taken through the microscope eyepiece with a Canon
S95 pocket camera. Sgt. Barksdale reports that his Canon S95 is easier to
position than his larger cameras.
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Chapter 6.11
Advanced Lighting
Within the space of two weeks, I got an email from Hayden Baldwin
describing his use of cross-polarized lighting to photograph a fingerprint on
a glossy plastic garbage bag, followed by an email from Larry Barksdale
describing a demonstration of coaxial lighting that he had witnessed at a
recent workshop.
While researching cross-polarized and coaxial lighting, I kept running
across references to bright field lighting, which is a standard method for
photographing glassware.
These are advanced lighting techniques commonly used by studio
photographers shooting product illustrations. I first ran across references to
them in the many well-written and beautifully illustrated Kodak technical
booklets published during the Sixties and Seventies.
I later ran across a copy of Steven Staggs little Crime Scene and
Evidence Photographer's Guide first published in 1997 with a second edition in 2005. You can find illustrations from the Staggs book at
http://www.crime-scene-investigator.net/closeup.html.
While hardly new, these techniques are seldom mentioned in mainstream books on crime scene photography. They are nevertheless worth
knowing. You never know when you might need to pull a photographic
rabbit out of your forensic hat. Just knowing that a certain technique exists
might put you on the road to solving a difficult lighting problem.
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Cross-Polarized Lighting

Light

Camera
Circular Polarizer
Attached To Lens

Polarizing Filter
In Front of Light
Source

Subject

Hayden's technique is the essence of simplicity. He taped a polarizing filter to his shoe-mounted LED video light and mounted a circular
polarizing filter on his camera lens.

A Manfrotto 84 LED video light. Larger and smaller video lights are
available, along with brackets to position them as desired.
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You probably already have a circular polarizing filter for your camera, a macro lens for fingerprint work and a suitable tripod. Rosco gel-type
polarizing filters are available in 17 x 20 inch sheets from B&H for around
fifty dollars. Cut a piece that will cover your light source, secure it in place
with tape or a gel hanger and you're in business. Use Live View to focus
and your histogram to adjust exposure.
Hayden doubtless used an LED video light because that's what he had
on hand. However, studio lighting supply houses sell brackets specifically
designed to hang gel filters in front of studio lights of various sizes and
types. The only caveat is that hot studio lamps will degrade a gel filter in
short order.
Bright Field Lighting

Transparent White Plastic Panel
Camera

Glassware

Light Source
Since glass is both reflective and transparent, placing glassware in
front of a transparent sheet of white plastic or tracing paper with strong
backlighting will cause the edge of the glassware along with anything in the
glassware such as a fingerprint to appear in silhouette.
This is one of those situations where a light that can be dimmed and
focused such as a Lowel ViP light will be much-appreciated. This is a
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laboratory setup requiring a table, an adjustable light source, a light stand, a
transparent panel and a support for the panel.
Coaxial Lighting

Camera

Light Source

Cylindrical or
Cup-Shaped
Object

Glass Plate
At 45o Angle

Until I received the email from Larry Barksdale, I hadn't given a
thought to coaxial lighting in thirty years. In the mid-Seventies, one of my
early mentors, Axel Hanson on the legal staff of the Southern Pacific Railroad, showed me a photo of the inside threads of a 3/4" nut that had
cracked under stress. It could only have been taken with a coaxial lighting
setup, very likely a setup similar to the illustration in one of those longgone and much lamented Kodak how-to booklets.
In those days, many photographers were self-taught and the Kodak
booklets were a primary learning tool, delivering technical information and
illustrating techniques absent in popular photo books of the day.
As with bright field lighting, coaxial lighting is another studio setup
requiring a copy stand, a light stand, a table of some sort, a sheet of high
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quality glass free from ripples and distortions and a bracket to hold the
glass at a 45o to the camera and light source.
Copy and Oblique Lighting

Camera
Light Source At
45o To Subject

Subject
If you buy a copy stand with factory-installed lights, the lights will be at a
45o angle to a point directly under the camera mount. In theory, this provides even, glare-free lighting for copying documents, old photographs,
fingerprint lifts and so forth.
In practice, photographing my wife's varnished oil paintings, it takes
quite a bit of experimentation with lighting angles and diffusers to get a
satisfactory photo. I've used angles as low as 15o and as high as 70o. Varnished canvas surfaces are both shiny and irregular.
Often, the path of least resistance in good weather is to go outdoors
and shoot in open shade, using the sky as a giant diffuser.
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Chapter 6.12
Photogrammetry
Photogrammetry is the science of measuring things photographically.
According to Wikipedia, photogrammetry goes back to the mid-nineteenth
century. Today, it is used in engineering, surveying, aerial mapping and
forensics.
Metrology is the science of measuring things by any means including
but not limited to photogrammetry. Archeologists have excavated rulers
going back 4,500 years. Apparently, they were used to ensure that brickmakers were adhering to the standards of the day.
There are any number of commercial hardware and software products
based on photogrammetric and metrological principles and, as you might
imagine, some carry pretty hefty price tags.
However, any application that will let you count the pixels between
two points a known distance apart, such as divisions on a ruler placed in the
scene to scale a photograph, will do for starters.
The standard versions of Photoshop have always had a ruler hidden
under the eyedropper icon on the toolbar. The subscription-based Creative
Cloud version of Photoshop Extended Edition has advanced measuring
tools intended for the scientific and forensic communities.
Photoshop is beyond the means of a criminal justice student living on
a ramen noodle budget. Sgt. Larry Barksdale, teaching at the University of
Nebraska at Lincoln, put together a basic photogrammetry course segment
based on the ruler tool in Irfanview, a free photo editor that will run on any
old crock of a laptop that an impecunious student might have.
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I followed Sgt. Barksdale's instructions and ended up with this photo
in about thirty minutes using Irfanview's ruler tool and Faststone's labeling
tools. Faststone and Irfanview are free to home and student users, yet they
have many of the same features found in Photoshop CS6. Two chapters in
Photoshop CS3 for Forensics Professional devote sixteen pages to image
sizing and measurement issues.

The CSIpix Comparator available from http://www.csipix.com will
let you resize any two scaled images for a side by side comparison. While
intended for fingerprint examiners, it works quite well for footprints, tool
marks, broken matchsticks and so forth.
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It goes without saying that every crime scene investigator should
carry a basic assortment of rulers, tape measures, scales and markers. More
sophisticated measuring instruments include:
A dial caliper is a must-have
tool if you need to measure an
object up to six inches long down to
the nearest thousandth of an inch.
Photo courtesy Starrett.

Laser distance meters, aka rangefinders, are commonly used by investigators who need to diagram large areas indoors and out. Fluke makes
three laser distance meters. The 414D (about $125.00) is good out to 165
feet. The 419D (about $260.00) is good out to 280 feet. The 424D (about
$375.00) is good out to 330 feet.
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Many police departments are
purchasing total station surveying
instruments from familiar names as
Nikon and Leica and manufacturers
such as Sokkia and Topcon better
known in the engineering and surveying worlds. Photo courtesy Sokkia.
The models commonly selected
by police agencies average $10,000.
A typical total station training
course runs five days and assumes that
the student is not averse to math and
technology.
The output from a total station
instrument can be fed into a software
program that will translate distance
and bearing measurements into drawings without the aid of a draftsman or
a traditional CAD program.
There are a number of programs that will permit mapping a complex
scene using photographic images without recourse to tape measures and
laser rangefinders. Google "total station mapping systems."
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Chapter 6.13
Forensic Lighting
Forensic lighting is used to make invisible evidence visible and once
that evidence becomes visible, we can photograph it. Forensic lighting is
easier to demonstrate than to describe if you have some basic hardware.
What can you do with forensic lighting? Among other things, you can:
Detect latent blood, urine, saliva, semen and vaginal stains.
Detect bruises no longer visible to the naked eye.
Detect fraudulent alterations to questioned documents.
Detect latent prints dusted with fluorescent powder.
Detect gunshot residue.
Detect illegal drug residue.
Detect accelerants at the scene of an incendiary fire.
See through bloodstains to reveal whatever they might conceal.
Caveat #1
Some processes require the use of chemical reagents such as Luminol
or Hemascein along with special filters and light sources of a specific
wavelength. Most if not all take place in a dark room. Exposures tend to
be on the long side, requiring a sturdy tripod or copy stand.
It is a fact that petroleum distillates can be detected using ultraviolet
light. This is a common industrial technique. However, I have yet to find
a recognized authority endorsing UV as a means to detect accelerants at a
fire scene. Fire dogs and chemical sniffers are today's state of the art.
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It is a fact that ultraviolet and/or infrared light can be used to detect
latent bruising and enhance visible contusions. However, I have yet to read
an article pointing out that the age and ethnicity of the victim can impact
the validity of commonly recommended techniques. If you're interested in
this aspect of forensic lighting, seek training from a qualified instructor.
Caveat #2
Hayden Baldwin tells me that forensic lights in the visible portion of
the spectrum, specifically the popular 455 nm flashlights, were developed
in part because working with true ultraviolet involved a potential risk.
A strong UV light in the 365 to 400 nm portion of the spectrum can
be dangerous without skin and eye protection. Any UV light at a wavelength shorter than 365 nm should be considered hazardous without skin
and eye protection even at low intensities.
Caveat #3
The barrier and bandpass filters required to work with UV and IR cost
upwards of one hundred dollars each. Cameras are made to photograph
light in the visible portion of the spectrum. Having an existing camera
modified to record the entire spectrum by http://www.lifepixel.com will
cost upwards of $300, not counting the cost of the camera.
Laboratory-grade forensic lights start at $5,000 for a basic Spex
Handscope and go up to $20,000 for a Spex Crimescope or a Rofin
Polilight.
What are UV and IR?
The visible spectrum ranges from approximately 400 to roughly 700
nm. Wikipedia reports 380 to 750 nm and, absent persuasive evidence to
the contrary, I'll go with Wikipedia. A few nanometers one way or the
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other are of no great consequence to an investigator photographing ultraviolet fluorescence at a felony crime scene.
Wavelengths in Nanometers
Source: http://en.wikipedia.org/wiki/visible_light_spectrum
Ultraviolet Violet

<380
380

380
450

Blue

450
475

Cyan Green Yellow Orange Red Infrared

475
495

495
570

570
590

590 620
620 750

750
>750

Take this and any other spectrum table that you might see on line or
in a physics textbook with a grain of salt. I have yet to see two in perfect
agreement unless they originated with the same source. Does it matter?
Not particularly.
Wavelengths shorter than ultraviolet eventually become x-rays while
wavelengths longer than infrared eventually become radio waves. For our
purposes, it is sufficient to know that the sensor in your digital camera is
sensitive from 315 to 1,100 nm, more or less.
Modern cameras are designed to take color photographs using visible
light in the range of 400 to 700 nm. An internal filter is placed ahead of the
sensor to filter out most of the undesirable UV and IR light.
Modern lenses are coated to further reduce ultraviolet rays from the
sun, a powerful source of UV. Many photographers place a UV filter
ahead of the lens to protect the front element from grit, grime, dings and
scratches.
Still, it is possible to take UV and IR photographs with most cameras
in part because some cameras still have useful sensitivity in invisible portions of the spectrum and in part because some techniques use invisible
light to excite fluorescence or luminescence in visible portions of the spectrum which can be photographed by conventional means.
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Fluorescence? Luminescence? Incandescence is light emitted from a
heat source, such as a light bulb. Luminescence is cold light emitted by an
external source of energy. Fluorescence is luminescence emitted by an
external source of ultraviolet energy. You will find these terms used interchangeably and often incorrectly.
A technique that uses ultraviolet light to cause the target to fluoresce
in a visible portion of the spectrum can be photographed with whatever
camera you happen to have on hand, as long as the lens is threaded to accept the required barrier filter.
The Path of Least Resistance
Following the path of least resistance, we'll focus on forensic lighting
techniques that can be safely demonstrated using relatively inexpensive
equipment. What do you need?
A camera with manual focus and exposure controls and a lens
threaded for standard filters.
A tripod with a rotating center column that will permit photographing items on a horizontal surface such as a bed or the floor.
A 455 nm flashlight, a pair
of orange goggles and a
Tiffen #15 deep yellow
barrier filter.
This $125.00 kit complete
with a 455 nm flashlight and a pair
of orange goggles is available from
crimescenetools.com.
If you're attending a class in
which the instructor will demon-
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strate ultraviolet lighting techniques, procure a pair of protective goggles
rated for the wavelengths being demonstrated unless you are certain that
the school will provide all required protective equipment.
Ultraviolet Fluorescence
Forensic lighting comes in four flavors: reflected ultraviolet, ultraviolet fluorescence, reflected infrared and infrared luminescence. The
techniques discussed in this chapter are based on ultraviolet fluorescence.
In true UV fluorescence, an invisible 365 nm light source strikes the
target and excites fluorescence in a visible portion of the spectrum. You
don't need contrast-enhancing goggles or a barrier filter. The only light
you'll see is a little spill in the visible portion of the spectrum.
A 455 nm flashlight, although emitting light in the visible portion of
the spectrum, will also excite fluorescence in many of the same materials
that respond to a 365 nm light. A pair of contrast-enhancing goggles and a
barrier filter will reduce the intensity of the blue light, making it easier to
see and photograph the fluorescence.
Whether you're using a 365 nm or a 455 nm light, UV fluorescence
can only be seen in subdued light or near-total darkness. You'll be shooting
off a tripod. You may find it useful to mount your light on a second tripod
to get the sharpest possible picture. A Manfrotto 143 Magic Arm with an
extra 035 Super Clamp is ideal for this purpose.
Size Matters
A petroleum engineer will tell you that hydrocarbon compounds
fluoresce at wavelengths from 254 to 365 nm. Xenopus reports that their
fire service customers are having good success using 365 and 385 nm lights
only slightly larger and more powerful than the 455 nm light pictured on a
previous page.
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At least one company, http://www.uv-light.co.uk, is selling a 365 nm
light based on a 35 watt high intensity discharge lamp for performing safety
inspections on fuel storage tanks. If I read their current literature correctly,
this only works hydrocarbons containing a fluorescent dye additive.
An engineer with Foster & Freeman suggests buying the most powerful light you can afford because you'll always see more under a bright light
source.
This confirms the notion that it takes a certain minimum level of
energy to excite fluorescence. Don't be surprised if a light selling for little
more than the price of a good hamburger fails to perform at the level of a
laboratory-grade instrument with a five figure price tag.
Nocturnal Housekeeping Patrol
UV fluorescence is easier to demonstrate than it is to explain if you
have a UV light source and a pair of contrast-enhancing goggles. Everything from the laces in your sneakers to books on the shelf are likely to
fluoresce when viewed in a dark room.
After lights out, go through your home using orange goggles and a
455 nm flashlight. Don't overlook kitchens, bedrooms, bathrooms, offices,
closets and dirty clothes hampers. This can be an enlightening experiment
if you happen to spend the night in a motel.
Among the things that you might see are dried urine, dried semen,
dried saliva and perhaps even skin oil or hand lotion leaving visible friction
ridges on a smooth surface. You might see nail clippings on bedroom
floors and glowing trails of rodent urine around kitchen walls.
A 455 nm light will work just fine but try every light that you've got
between 365 and 750 nm just to see what happens.
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A small student light might force you to work on your hands and
knees. Lights similar to $125.00 model pictured on a previous page are
good for ten feet or more. The brighter the light, the more you'll see.
This is ultraviolet fluorescence at work. The next step, of course,
would be to photograph your discoveries. You will inevitably find areas
that do not provide a level surface to support your tripod. You might need
to shoot at a small aperture to provide adequate depth of field. Expect
exposures of several seconds or more.
Ultraviolet Fluorescence Demonstrated

Take half a teaspoon of powdered Tide detergent. Tide is loaded with
optical brighteners, easy to see, easy to photograph and safe to handle.
Dissolve in a cup of warm water. Sprinkle some on a clean handkerchief.
Let dry overnight. Ultraviolet fluorescence only works on dried stains.
Place your camera on a tripod. Take one photograph in white light
without a filter. Record the exposure. Place a Tiffen 15 filter on your
camera and, wearing a pair of orange goggles, turn off the room lights.
Illuminate your Tide-stained hankie with a 455 nm forensic light.
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Your camera's auto-focus and auto-exposure system may or may not
work. If not, use manual focus and use your white light exposure as a
starting point to determine your UV exposure. Use the histogram to dial in
exposure compensation as required. Experiment until you find the right
angle and distance at which to hold your light. If you do this sort of thing
often, you may find an articulated LCD helpful.
The photo on the left is a white light reference shot. The photo on the
rights was taken with an inexpensive 455 nm flashlight, a pair of orange
goggles, a Nikon D70 camera, a 60 mm macro lens and a Tiffen 15 filter,
metering in the manual mode at ISO 200. You don't need a macro lens for
this kind of shot but I ordered the filter to fit the macro for fingerprint
work.
Tiffen 15 filters are cheap. You'll want one to fit your macro if you're
using fluorescent fingerprint powder. For general photography, you might
find a Tiffen 15 threaded to fit your zoom more useful.
Infrared Photography
UV fluorescence is easy to see, easy to demonstrate and easy to photograph because the fluorescence takes place in the visible portion of the
spectrum. Any camera with a lens threaded to accept standard filters will
suffice. There are any number of crime scene applications so finding an
instructor with the requisite skills shouldn't be a problem.
Infrared photography is essentially a laboratory technique with limited applications at the scene of a crime. This is true in part because you
need a camera modified for increased sensitivity in the IR portion of the
spectrum. IR conversions are available from Life Pixel, Kolari and MaxMax.
Fuji has announced an IR version of their X-T1 mirrorless camera at
$1,699.00. B&H carries a Zeiss X-mount 50 mm f/2.8 macro at $999.00.
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This combination may or may not work as well as Fuji's long-discontinued
forensic cameras based on Nikon bodies and lenses. Only time will tell.
Click HERE to see Kolari's list of Canon and Nikon lenses based on
their suitability for IR photography. I suggest a DSLR camera with Live
View and a manual focus lens with an infrared focusing mark on the lens
barrel. If you're using a Nikon camera, consider an AF-D or an AI-S lens,
either used or brand new from B&H.
Click HERE to read a well-illustrated article on infrared photography
at crime-scene-investigator.net. The webmaster is veteran investigator and
instructor Steven Staggs. I'd be inclined to trust anything published on this
site, even if the article is a little out of date.
Page 5 of the above article lists the Schott, Hoya, B&W and Peca
equivalents of the traditional (and long discontinued) Kodak Wratten infrared filters. I downloaded the article just to have this list handy.
Life Pixel, Kolari and MaxMax have excellent tutorials and sample
images on their web sites. While most applications for IR photography are
pictorial rather than forensic, the same principles apply.
Click HERE to see a practical example of IR photography during a
homicide investigation from an IABPA journal article originally found via
a link at crime-scene-investigator.net.
I'm hanging on to all my old Nikon AF-D lenses purchased during
the early 1990s when I made the switch from manual to auto-focus film
cameras. Every last one of them has an infrared focusing mark on the lens
barrel, along with a hard infinity stop and a depth of field scale.
Nikon AF-D lenses are still available new from B&H and they're
plentiful on the used market. Many AF-D primes and some AF-D zooms
such as my 28 - 70 f/3.5 - 4.5 AF-D take a 52 mm filter.

254

Chapter 6.14
Fingerprint Photography
Fingerprint identifications have survived courtroom challenge since
People versus Jennings in 1910. The competence of the people collecting
and analyzing fingerprint evidence, and their adherence to established
procedures and the adequacy of those procedures, can and often will be
challenged on a case by case basis.
Fingerprints are often hard to find using conventional dusting
techniques.
Fingerprints are preserved for comparison with known exemplars
using lifts, silicon casting material and photography.
Fingerprints preserved using lifts or casts should be photographed
in medium closeups to establish the print in the scene and again in
detailed closeups to guard against damage during the lifting or
casting process.
Use extra care and take a few insurance shots when photography is
the only practical method of preserving fingerprint evidence.
Review:
https://www.ncjrs.gov/pdffiles1/nij/225327.pdf, Latent Print
Development.
https://www.ncjrs.gov/pdffiles1/nij/225328.pdf, The Preservation of Friction Ridges.

255

https://www.ncjrs.gov/pdffiles1/nij/225326.pdf, Automated
Fingerprint Identification Systems.
https://www.ncjrs.gov/pdffiles1/nij/225329.pdf, Examination
process.
http://www.swgfast.org/documents/imaging/130427_Standard_I
maging_Final_2.0.pdf, Standard for Friction Ridge Impression
Digital Imaging.
https://www.ncjrs.gov/pdffiles1/nij/225324.pdf, Recording Living and Post Mortem Friction Ridge Exemplars.
The Basics:
Adhere to the practices recommended by SWGFAST and IAI.
Transfer portable items to a laboratory for processing by experts
using specialized chemicals and equipment.
Use a kit that includes standard, fluorescent and magnetic powders, plus a comprehensive assortment of lifting and casting materials.
Include a suitable scale parallel to the long axis of each print.
Use fluorescent powders when standard powders may not have
sufficient contrast to differentiate the print from the substrate.
Use a DSLR camera with a macro lens, a tripod, a cable release,
an external flash and an off-camera flash cord.
Use a Joby Gorillapod with a ball head to steady the camera when
there is no room to erect a tripod.
Capture fingerprints with a resolution of at least 1,000 pixels per
inch.
Capture palm prints with a resolution of at least 500 pixels per
inch.
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Capture Areas @ 1,000 PPI
Nikon D70 - 6 MP - 2 x 3 inches
Nikon D90 - 12 MP 2.5 x 4.3 inches
Nikon D7000 - 16 MP - 3.3 x 4.9 inches
Nikon D7200 - 24 MP - 4 x 6 inches
Nikon D810 - 36 MP - 4.9 x 7.4 inches
If you need a reason to replace an older camera, acquiring a model
with enough resolution to expand your fingerprint capture area might be a
good place to start.
But Wait, There's More
Fingerprint photography is challenging because you've got to find the
print and render it visible before you can photograph it. Processing a felony crime scene, which includes finding and preserving latent prints, is a job
that requires competent instruction and specialized equipment.
Once a fingerprint is found, photographed and lifted, the digital image
(whether a photograph or a scanned lift), must be resized to 1:1, converted
to gray scale and tweaked to enhance contrast. Only then can the print be
submitted to an examiner. This requires good Photoshop skills in addition
to good photographic skills. See Resizing Digital Images to 1:1 by Guy
Pierce.
Overview
Fingerprints come in four flavors: patent, latent, plastic and dust
impressions. A patent print is visible to the naked eye. Latent prints must
be developed by dusting, fuming, chemical treatment or illumination with
an alternate light source.
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Plastic prints are embossed in a surface such as blood, visible to the
eye but difficult to lift. You may or may not be able to lift a dust impression but there are electrostatic lifters that will make the job easier. Embossed prints are often cast with a silicone casting agent.
The standard for fingerprint photography is 1,000 pixels per inch or
higher. Five hundred pixels per inch will suffice for palm prints.
Palm prints reportedly account for 20% of all prints collected at crime
scenes. A 12 megapixel camera will give you a 5 x 8 1/2 inch capture area
at 500 pixels per inch, sufficient but not overly-generous for a large palm
print with a suitably positioned scale.
Once you have a print to work with, lighting becomes the problem,
especially on shiny surfaces. I spent thirty minutes trying to photograph a
print on a nickel plated .357 Magnum before hitting on exactly the right
angle. While firearms are generally submitted to a lab for examination,
there is no shortage of shiny objects that cannot be transported to a lab.
Tripod Management
Once you've found a latent print and rendered it visible, the big trick
is not photographing the print but positioning the camera perpendicular to
the surface on which the print was found at whatever distance is required to
fill the frame with a 1,000 pixel per inch capture area.
This is simple if the print is on a horizontal surface, not too high and
not too low, with no obstructions that will limit your ability to place the
tripod where you want it. Otherwise, it can be quite difficult if the print is
on a surface that precludes a conventional tripod setup.
The job is easier if you have a tripod with an articulated center column, a geared head and a focusing rail to adjust focus without changing the
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reproduction ratio. An articulated LCD will let you see what you're doing
at awkward angles. Shooting handheld is a last resort.
Reference Fingerprint Pad

If you want to experiment with photographing dusted prints without
making an unholy mess searching for latents, buy a reference fingerprint
pad from http://www.safariland.com/products/forensics.
Fingerprint Powders
There are a near-infinite number of fingerprint powders, each with a
loyal following based on satisfactory performance in the real world. For
students, I suggest a reference fingerprint pad, a pair of Zephyr brushes, a
jar of black powder, a jar of white or silver-gray powder and an assortment
of tape, lifters, flexible gel lifters and backing cards.
I get mine from https://www.shopevident.com because their web site
is well-organized. However, comparable products are available from Safariland, Sirchie and Arrowhead, among others.
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This photo from Forensic
Source (a division of Safariland)
demonstrates how their Blitz-Green
magnetic fluorescent powder can
bring out detail when illuminated
with a 540 nm forensic light.

You will very likely be disappointed when you see real fingerprints
photographed at real crime scenes. They are generally smudged and
smeared partials, low in contrast, on a reflective or confusing substrate.
This is why prudent practitioners carefully package portable evidence
for submission to a lab with better facilities than you'll find at the average
crime scene. Some agencies advocate Super-Glue fuming in the field to
protect latent prints from damage in transit.
Visit https://www.shopevident.com/category/evidence-containers to
see Evident Crime Scene Products excellent assortment of containers for
packaging evidence, to include boxing guns and knives in a manner designed to protect latent fingerprints in transit.
If you want a free course in packaging evidence generally and fingerprint evidence in particular, see:
http://www.crime-scene-investigator.net/collect.html
http://oag.ca.gov/sites/all/files/pdfs/cci/reference/evidence_collecti
on.pdf
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The California Department of Justice PDF is well-illustrated, with
clear instructions on how to handle a loaded and cocked pistol without
disturbing any latent prints which might be present. Given the variety of
firearms which might be found at a crime scene, handling unfamiliar firearms is not a job for the uninitiated.
If you've got some fingerprint powder, a suitable brush and some
lifting tape, check out http://www.youtube.com/watch?v=mc_l1d--0nQ, a
professionally produced video by John Moores University in the U.K.
Hayden Baldwin’s Two Bits
Hayden Baldwin points out
that a thumbprint is almost the exact
size of a quarter. If you can’t successfully photograph a quarter, you
can’t expect to successfully photograph a thumbprint.
Whether you're shooting coins
or fingerprints, include either an
ABFO #2 scale or a 2" fingerprint
scale parallel with the long axis of
the print. Do whatever it takes to
control reflections and bring out
detail in impression evidence such as a fingerprint in dried blood or paint.
The Window Trick
As I recall, the trick to shooting fingerprints on a window is covering
the back of the window with matte black paper or black velvet to eliminate
backlighting.
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Chapter 6.15
Footprints and Tire Tracks
See the Slidesare Forensic Footwear Evidence and Forensic Tire Impression Evidence PowerPoints.
The Scientific Work Group for Shoe Print and Tire Tread Evidence
recommends an adjustable SLR or DSLR camera and a substantial tripod
with provision for off-camera flash. Unless your tripod has a head with
integral spirit levels, an accessory spirit level that will fit in the camera's
hot shoe will ensure that the back of the camera is parallel with the ground.
Many tripods will let you invert the center column but this is cumbersome. You will find that a tripod with an articulated center column is more
convenient.
Footprints can be found indoors and out, either as an impression in
snow or soft ground or as dust residue on a smooth surface. Tire tracks are
usually but not always found as impressions in snow or soft ground.
Impression evidence should be photographed with and without scales
prior to casting. Footprints found in the form of dust should be photographed with and without scales prior to lifting, preferably with an electrostatic dust print lifter.
The 6 x 12 inch scale commonly used for footprints is known as the
Bureau scale. For tire tracks, use a scale long enough to lay parallel to the
circumference of the largest tire that you can expect to encounter, something in excess of twelve feet for a commercial truck tire.
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Evident has a nice video tutorial on their dental stone casting product
at https://www.shopevident.com. Dental stone is the modern alternative to
plaster of Paris. Photos courtesy Evident.
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Exemplars
Collecting impression evidence at the scene is only the first step in
the investigative process. The second step is collecting comparison exemplars from suspects and elimination exemplars from persons with legitimate
access to the scene.
If you're a photographer, photography is the obvious choice but hardly the only choice. It is customary to have vehicles trailered to the police
garage for forensic examination, including tire exemplars.
This is best done off the car since it is necessary to record the full
circumference of each tire. A single casting or photo can reveal only general class characteristics. The unique characteristics that an analyst can use
to identify a specific vehicle driven by a specific individual might be found
anywhere around the circumference of the tire.

Forensic supply houses have many products specifically designed for
collecting exemplars either in lieu of or in addition to photography. These
products come from http://www.arrowheadforensics.com.
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Chapter 6.16
Tool Marks
At the scene, tool marks are photographed to record their condition and
relation to other objects in the room. The mark itself and surrounding
substrate or a high quality casting thereof should be submitted to a forensic laboratory for examination by specialists.
See the Tool Mark Evidence Submission Guideline published by the
Indianapolis-Marion County Forensic Service Agency.
Tool marks are a form of impression evidence that can be used to link
tools found in a suspect's possession to impressions left at the scene.
Tool marks are commonly left by hammers, chisels, screwdrivers,
crowbars and bolt cutters. Tool marks are commonly found on door
frames, window jams, chains and padlocks.
As with other forms of impression evidence, tool marks on structures
too large to be transported to the lab are best preserved by casting once the
evidence has been carefully photographed using the same equipment and
techniques used for photographing plastic fingerprints.
In other words, you'll need a tripod and a source of crisp cross lighting to bring out fine detail. While off-camera flash is commonly used for
cross lighting, there is no reason why a Q-Beam, a flashlight, a desk lamp
or a clip-on light from the hardware store won't work.
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Tool mark evidence such as chains and padlocks found at the scene
should be carefully packaged and transported to a forensic laboratory for
processing. There is no reason to process these items in the field.
Obviously, tool mark impressions left on door frames and window
jams will require careful placement of your lights, cameras and tripods to
bring out maximum detail. Scales can be affixed to vertical surfaces with
adhesive wax, Tacky Wax or double-sided tape.
The student can practice on a
strike plate. This photo was taken
with a handheld Panasonic ZS9
pocket camera. The camera was
angled down slightly which is one
of the perils of attempting to take
handheld closeups. The bottom
screw is slightly out of focus, a fact
that wasn't unnoticed until the JPEG
was pulled into Photoshop.
If I were an instructor, I'd
flunk the student who took this shot.
The back of the camera was not
perpendicular to the subject. Using
auto-exposure resulted in an aperture too large to provide sufficient depth of field. Past experience shows
that on-camera flash is not ideal for closeups.
By and large, successful tool mark photography requires a DSLR
camera, a macro lens, a tripod with an articulated center column, a professional flash and an off-camera flash cord. Not surprisingly, this is pretty
much what you will learn at a seminar conducted by investigators adhering
to the standards recommended by the Scientific Workgroup for Firearms
and Toolmarks.
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I'd give this photo a passing grade. Nikon D7000, 60 mm f/2.8 macro, SB-800 flash, SC-29 off camera flash cord. Manfrotto 3021 tripod with
a Manfrotto 488 ball head. Autofocus. Aperture preferred at f/32.
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Like fingerprint work, tool mark photography is pretty much a manual focus and exposure proposition if you want consistent results.

The Indianapolis-Marion County guideline calls for a specific casting
agent, Mikrosil. Mikrosil is carried by most of the forensic supply houses.
This kit comes from shopevident.com. About $30.
Mikrosil is available in white, black, brown and gray. In addition to
tool marks, Mikrosil casting materials are used extensively in fingerprint
work, both at the crime scene and for post-mortem identification procedures in the morgue.

268

Chapter 6.17
Identification Photographs
See Idaho's well-written, clearly illustrated Mug Shot Implementation
Guide.
While the Facial Identification Scientific Working Group is concerned with automated facial recognition systems, facial recognition photos
are starting to show up in criminal data bases along with DNA and fingerprints.
Taking identification photos that adhere to published standards will
pay dividends in the long run. The FISWG standards are very similar to
the standards for passport photos.
As you might imagine, camera phones, non-adjustable cameras and
on-camera flash are not recommended. The focal length should be a moderate telephoto in the 50 to 85 mm range on an APS-C camera, long enough
to provide a lifelike perspective when taking head and shoulders photos.
At the professional level, people photography is often flash photography. It doesn't matter whether you're photographing a pretty girl or a
decomposed corpse.
Direct sunlight is harsh, introducing strong shadows and uncomfortable squints.
Open shade is better but it adds a bluish tint to skin tones.
High wattage photofloods can be unpleasantly warm for both the
subject and the photographer, hence the term hot lights.
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An ideal mugging setup is two studio strobes placed at 45o to the
subject's position and triggered by a low power on-camera flash.
If desired, a third strobe can be positioned to illuminate the background behind the subject.
Position your lights to avoid reflections and background shadows.
Visit http://lumiquest.com/tutorial-videos for simple techniques
commonly used by professionals to improve the quality of their people
pictures. The same techniques can be used by police photographers to
improve their identification photos.
You may want to use manual focus for identification photos. Focus
on an eye from the front, an ear from the side. If you're setting up a mugging station, make test prints on your usual printer to verify that you're
capturing fine detail and accurate colors.
A full series of identification photos would include full face and left
and right profile head shots plus a full length frontal view. Additional
photos may be required to record injuries, identifying marks and scars, torn
or bloodstained clothing, et cetera.
According to one source, twenty percent of the population now has a
tattoo of some sort. A distinctive scar, birthmark or tattoo may be the only
identifying characteristic that a witness can remember.
In assault cases, record visible injuries, defense wounds, blood stains
on the clothing and so forth even if the victim declines hospital treatment.
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Chapter 6.18
Surveillance Photography
Surveillance photography requires endless patience, an iron bladder,
good binoculars, a large Thermos, plenty of Rolaids and lots of Windex. If
you have to shoot through a window, start by cleaning the glass inside and
out. A voice-activated recorder can be a real help when you can't take
notes.
Video cameras are ideal for surveillance. While the image quality of
consumer camcorders can't compare to a DSLR with fast professional
lenses, they may be good enough for identification purposes. The better
camcorders have long lenses, low light capability and eyelevel viewfinders.
I recommend the Canon XA-30 camcorder and a pair of Nikon A211
8 x 42 binoculars. This combination provides a great deal of bang for your
surveillance dollar. My Nikon A211 binoculars, around $100 at Cabellas,
reveal the kind of crisp detail previously seen only in binoculars with a
much higher price tag.
A professional DSLR is the camera of choice when you need photographs clear enough to identify an unknown individual at a distance. A 70
- 200 mm f/2.8 constant aperture lens is good out to thirty or forty yards on
a full frame camera, forty or fifty yards on an APS-C camera. Beyond fifty
yards under low light conditions, you'll need the same exotic lenses required by wildlife and sport photographers. Mucho buckos!
Even if you have a high end camcorder or a top of the line DSLR,
you'll still want a super-zoom pocket camera. In good light, these palmsized cameras are invaluable when you need to take a fast shot without
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alerting a wary subject. A Nikon D5 has many positive attributes but inconspicuous is not one of them.

This is a fast fifty yard grab shot with a Panasonic ZS9 pocket camera. The Dodge emblem and the plate number are clearly visible. If you
can see this kind of detail, you can certainly identify any people who might
appear in the photo.
It isn't easy to avoid being seen if your subject is aware of his or her
surroundings. At night, any source of light in your vehicle is a dead giveaway. Deactivate your dome, dash and courtesy lights and keep your foot
off the brake pedal. Avoid lighting a cigarette or using a cell phone with a
screen bright enough to illuminate your face.
Use a camera with an eye level viewfinder. Control the impulse to
use the LCD to verify your shots. If you're shooting video, put a small
piece of tape over the record light, if any, on the front of the camera. Tape
is also useful for masking the power and transmit lights on your radio.
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Low Light Image Intensifiers
Any of today's advanced DSLR cameras will give you good results at
ISO 6400. Professional cameras such as the Nikon D5 and the Canon 1DX
Mark II can beat that by a stop or two. With a lens f/2.8 or faster, you can
work in some fairly low lighting levels and still get acceptable results.
What can you do if your subjects refuse to cooperate by transacting
their nefarious business in an area that permits getting properly focused and
exposed pictures using the camera and lenses that you already have? An
IR-capable camcorder such as the Canon XA-30 is one option.
Another option is an image
intensifier from Night Vision Systems. Night Vision Systems makes
image intensifiers for Canon and
Nikon DSLR cameras and Canon,
Sony, Panasonic and JVL camcorders. Photo courtesy Sofradir-EC.
Their web site is rich with
brochures, videos and white papers,
including links to law enforcement training agencies. If you need more
information, order Clandestine Photography from amazon.com.
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Chapter 6.19
Aerial Photography
Aerial photography came of age during WWII when purpose-built
cameras and reconnaissance aircraft took millions of photographs for mapping, mission planning and bomb damage assessment purposes.
You can, to be sure, take oblique aerial photographs from light planes
and helicopters. My experience in this area is somewhat limited.
On my first flight in a Hughes 300, we never got off the ground. The
pilot weighed 230 pounds. I weigh 275. Thirty gallon of fuel weighed 180
pounds. On a 100o day with 95% humidity, the engine was straining. The
pilot prudently aborted the flight.
I later got the shots I wanted shooting through an open window in a
high-winged Cessna using a Canon FTb with a 135 mm f/2.5 lens focused
on the hard infinity stop shooting Kodak Plus X pushed to ISO 250 in
Acufine. The pictures were adequate for the intended purpose.
Click HERE for an excellent aerial photo of a marijuana grow published by the Los Angeles Times. Click HERE for a supreme court ruling
on the legality of aerial surveillance photos taken in public airspace at
altitudes above 1,000 feet.
If you want to try your luck, click HERE and HERE for tutorials with
the caveat that the authors are not evidence photographers.
There are better ways to get aerial photographs when you need to map
the area around a marijuana farm or meth lab prior to a raid. Many police
departments either have or have access to helicopters outfitted with search
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lights and video cameras, high definition color for daytime operations and
thermal imaging for night operations.
Check out the FLIR Corporation's airborne systems product list at
http://www.flir.com/surveillance/display/?id=64505. The only difference
between the airborne surveillance systems found on police and TV news
helicopters and military helicopters is the absence of a laser designator for
Hellfire missiles.
They don't give this stuff away but aviation is expensive with operating costs running from the many hundreds to the many thousands of dollars
for each flying hour, not to mention fixed costs like depreciation, insurance,
airport fees, hanger rental and so forth.
Another option to is to hire an aerial photography contractor, many of
which use multi-engine aircraft with sophisticated camera systems shooting
through the bottom of the aircraft, thus avoiding problems associated with
door frames, wing struts, wind blast, etc.
A thirty second Google search pulled up a web site for Foresight
Photography doing business as denveraerialphoto.com. Their FAQ page is
worth reading just for the background on the many legal requirements and
restrictions involved with commercial aerial photography.
The General Atomics Predator unmanned aerial vehicle operational
since 1995 was the first successful photo-recon drone. Now, twenty years
later, armed versions are taking out terrorist leaders and bases without
exposing manned aircraft and their pilots to enemy fire in hostile air space.
Predator by Richard Whittle is fascinating reading.
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Predator's success has led to a
variety of relatively inexpensive
unmanned aerial vehicles for military and civilian applications. This
battery-powered four-blade DJI
Phantom 3 quadcopter with a 12 MP
camera in a stabilized gimbal mount
is available from B&H.
.
Hayden Baldwin sent me this
photo of the Belize City harbor
taken with his personally owned
DJI Phantom 3 quadcopter. It
makes a dandy 12 x 18 inch print.

Crop from a 20 x 30 enlargement up-sampled to 200 PPI. A small,
quiet, electrically powered drone might be less obtrusive than a helicopter
or a light plane if you need to make multiple passes to survey a location for
raid-planning purposes, not to mention less expensive if you have to hire a
pilot and rent an aircraft.
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Chapter 6.20
Panoramas
Hayden Baldwin is a believer in panorama and virtual reality photography. A link to the Crime Scene Virtual Tour web site is prominently
displayed on the first page of his feinc.net web site.
Google panoramic photos and interior panoramic photos for a gallery
of impressive panoramas taken by professional photographers using professional tools.

My forays into panoramic photography are not artistic masterpieces.
This shot of a long-empty restaurant in Woodland Park was stitched together from five handheld photos taken with Panasonic ZS9. I was standing 50' from the center of a building with a 166' frontage.

To start with, the five individual pictures looked like this, which is
what you can expect shooting handheld with a $129 pocket camera.
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The first pass through the Photoshop CS6 photomerge utility looked
like this. I used the marquee and crop tools to create the rectangular image
that you see on the previous page. Start to finish, I spent about five
minutes creating a simple panorama.
I later created a similar panorama using the same five images just as
easily in the Autopano Giga demo. After trying a number of freeware
panorama stitchers, Photoshop and Autopano Giga are the only two that I'd
trust if my time is worth more than 10¢ an hour.
After up-sampling the final image to 300 PPI, I ended up with a 72
megapixel panorama that would render as a 12 x 67 inch photo-quality
print. Epingo quoted $127 mounted on 1/2 inch foam core shipping via
FedEx ground.
Using the Epingo price calculator, the same photo printed as a 24 x
134 inch panorama would go for $483 ground but a photo two feet tall by
twelve feet long might be just a wee bit awkward.
Click HERE to go the Panoramas Made Simple tutorial at reallyrightstuff.com. Their gear is first rate and priced accordingly.
The only free panorama stitcher that I've tried with good results is
Microsoft ICE. I use the Photoshop CS6 and PS Elements 2.0 photomerge
tools because these are the devil that I know.
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Chapter 7.1
Fill the Frame
Charles C. Scott writing in Photographic Evidence circa 1935 tells us
that, "In careless, unskilled or uninterested hands, photography sometimes
produces misleading or confusing results." True then. True now.
Photography is a skill that anyone with a smidgen of aptitude can
master but it takes a certain amount of training to apply that skill to felony
crime scenes and major accidents in a manner that will clarify issues for the
jury. Presenting evidence to the jury does not happen in a vacuum.
While prosecutors are doing their best to see that the defendant takes
his presumably well-deserved lumps, defense attorneys are doing their best
to impeach prosecution witnesses and discredit their evidence.
Today, anyone with ninety dollars to spare can buy a camera that will
take pretty good snapshots more or less automatically, without acquiring
the expertise required to work at the level expected of crime scene investigators employed by metropolitan police departments, regional crime labs,
state bureaus of investigation and the various federal agencies.
Fortunately, someone with a smartphone or a pocket P&S can take
the same pictures previously taken by detectives and patrol officers with
Polaroids and Instamatics long before anyone had ever heard of digital.
Pictures of this type are still useful when documenting the crimes typically
investigated by first responders without CSI assistance.
What's the most important thing to remember whether you're shooting
with a ninety dollar Panasonic or a six thousand dollar Canon 1DX Mk
Nikon? That's easy. Get close. Fill the frame.
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Standing too far from the subject or using a wide angle focal length
when they should have used a normal or telephoto focal length is probably
the most common mistake made by rookie photographers, either through
ignorance or an aversion to approaching their subject closely.
Broad brush, every photo has a subject, be it an overall view of the
scene from a particular angle, medium closeups of various objects within
the scene, or the closeup of a single object of importance within the scene
too small to reveal significant detail in a medium closeup.
The trick is to photograph the subject in a manner that includes the
entire subject with enough foreground, background and side to side margins to reveal the subject in context. Shooting outdoors on a sunny day,
you might find the eye level viewfinder on a DSLR camera more precise
than the arm's length LCD on a snapshot camera.
A .45 caliber bullet hole in a
linoleum test panel. Note the powder stippling. $129 Panasonic ZS9
pocket camera on a $500 Kaiser
copy stand with $200 worth of
lighting equipment. 3:4 aspect
ratio, rather than the 2:3 common
on DSLR cameras.
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Chapter 7.2
Scenes Generally
Never touch, change or alter anything until it is identified, measured and
photographed. Remember that when a body or an article has been
moved, it can never be restored to its original position.
Homicide Investigation by Dr. LeMoyne Snyder
Absent advice to the contrary from a competent instructor or supervisor,
adhere to the procedures set forth in the following links.
Crime Scene Investigation - NFSTC
Evidence Collection Guide - California DOJ
Physical Evidence Handbook - Wisconsin DOJ
Do not enter an area where blood borne pathogens or biological or chemical contamination are present or suspected without appropriate protective clothing including protection for your camera and flash. Follow
department-approved decontamination procedures.
Outdoors on a sunny day, I'd be happy photographing any scene that
comes along with any currently available interchangeable lens compact
(ILC) camera with an eye level viewfinder and a micro four/thirds (MFT)
or larger sensor manufactured by Olympus, Panasonic, Sony or Fuji.
However, advanced Canon and Nikon DSLRs (APS-C or full frame)
are the only cameras that I trust for macro, flash and low light photography.
Canon and Nikon DSLR cameras and their lenses and flash systems have a
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long track record in the hands of professional photographers shooting everything from wars to weddings. This cannot be said for mirrorless cameras.
Having spent more than forty years either working nights or on call at
night, I'm particular about my flash and my flashlight. I'm a Nikon shooter
today but I started out as a Canon shooter. I have confidence in the Canon
and Nikon DSLR systems to include their flash units.
A DSLR system suitable for advanced evidence photography represents a substantial expenditure. Fortunately for students and first responders, a good smartphone or a decent point and shoot will suffice for daylight
scenes and indoor shots within range of the built-in flash.
Police departments are paramilitary organizations with a chain of
command and policies that have presumably withstood courtroom challenge. However, the policies in East Dogbreath are apt to differ from the
policies across the river in West Dogbreath.
Therefore, it would behoove the prudent police officer to follow the
policies and procedures established by his or her department, just as it
would be wise for the student intent on earning a passing grade to follow
the procedures advocated by his or her instructor.
There is no such thing as a one-size-fits-all crime scene checklist.
The procedures outlined in this and subsequent chapters are intended as a
generic guide for entry level students without formal CSI training.
Some instructors prefer to train students who are already competent
photographers. Others teach the fundamentals of crime scene investigation
before getting into photography.
Regardless of when and how the material is presented, you must be
both a competent photographer and a competent investigator to successfully process a felony crime scene.
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Chapter 7.3
Outdoor Crime Scenes
See: Outdoor Crime Scenes Daylight slide show - download to view
Outdoor Crime Scenes Night slide show - download to view
Every indoor scene has an outdoor component. The culprits must
enter a structure from the out of doors and exit the same way. Some crimes
such as drive-by shootings take place entirely out of doors.
In homicide, it is not uncommon to find a victim killed at an indoor
location dumped or buried in an outdoor location. In this scenario, you
have two outdoor locations, one at the dump or burial site and one the
home or place of business in which the murder was committed.
Assume you have a scene with indoor and outdoor components.
Further assume that first responders have secured the scene, attended to the
victims and corralled any witnesses, leaving you to deal with only the photographic chores.
Which area do you process first? Your first instinct might be to process the indoor scene where the most evidence is likely to be found. However, prudence might dictate processing the outdoor scene first if the light
is fading or you can reasonably anticipate bad weather.
Having searched many outdoor crime scenes with nothing more than
a five cell Ray-o-Vac Sportsman flashlight, that being the flashlight of
choice before Kel-Lite, Mag-Lite, Surefire and Streamlight came along, my
inclination is to go for an outdoor scene while I still have daylight to work
with.
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Indoor scenes are a controlled environment, protected from the elements inside a perimeter established to exclude unauthorized personnel
such as souvenir hunters and curiosity seekers. Almost all indoor photos
are shot with flash. Once you move indoors, neither the time of day nor the
weather are of any consequence.
If your outdoor scene includes a structure, the object of the drill is to
photograph every exterior wall from at least two and preferably three angles, plus detailed closeups of all doors, windows, points of entry and
points of egress along with footprints, tire tracks, empty cartridge cases and
so forth ad infinitum.
Once you've photographed the structure itself, be it a residence or a
place of business, photograph the surrounding area showing nearby homes
and places of business plus streets and nearby parks and parking areas.

On a bright summer day, I photographed a vacant L-shaped restaurant
with a 166 foot frontage with a Nikon D70 and an 18 - 70 lens. It took me
19 shots to get my exterior views plus another 24 medium closeups and 18
views of the surrounding area.
On the left, the first shot from the left front. The slope of the ground
dictated shooting at 18 mm (28 mm full frame equivalent) and taking a
series of overlapping views. On the right, the same shot at night during a
winter storm with temperatures in the single digits.
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Three locks on one exterior
door. The hasp secured with a
length of coat hanger wire is the only
"lock" that actually works.

A door and a window are concealed behind this clump of aspens.

The right front of the building
in the foreground with an access
road, apartment buildings and private homes in the background.

The nearest street sign. I
popped up the D7000's built-in
flash to compensate for strong
backlighting.
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A for sale sign, complete with
contact number and a legal description of the property.

A shot from the Safeway gas
station looking across US 24.

Most of the windows were
either broken out or bordered up.
Note the photographer's reflection.
You can't avoid taking a selfie when
shooting perpendicular views of a
reflective surface, be it a window, a
mirror or freshly waxed automobile.
The Outdoor Crime Scene Daylight slide show includes the entire
series taken in 2011 at much high resolution than you see here. Alas, when
I went back in 2016 to shoot the entire scene at night, the building had been
demolished. Consequently, I was obliged to use the Woodland Park historical park behind the library and adjacent to the cultural center for the Outdoor Crime Scene Night slide show.
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Chapter 7.4
Indoor Scenes
See: Indoor Crime Scene slide show - download to view
Indoor scenes can be troublesome when you're confronted with assorted weaponry and empty cartridge cases under the furniture and bullet
holes in the walls and ceiling, all of which must be photographed from
several angles. Every object of possible interest within the scene must be
included in overall views, in medium closeups and in detailed closeups.
Depending on your departments policies and procedures, you may
have to shoot each scene twice, once in as-found condition and again after
scales and markers have been placed and everything has been diagramed.
Before digital, I photographed many scenes with a 4 x 5 press camera,
Rollie and Yashica twin lens reflex cameras and several manual focus 35
mm film cameras. I would cheerfully go back to a manual focus 35 mm
camera given a source of professional quality same day C41 color negative
processing but I don't miss the hours of darkroom drudgery required to
process and print several rolls of film.
Fortunately, you may not need much in the way of fancy equipment
to photograph routine indoor scenes. To test this assumption, I visited a
model home armed with a Panasonic ZS9 pocket camera, for which I paid
the princely sum of $129 at closeout prices.
While the built-in flash doesn't have the power for outdoor scenes, it
does remarkably well for residential interiors, even large rooms. Autoexposure and automatic white balance were spot-on shooting with a mixture of flash and ambient sunlight coming through the windows.
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I would not photograph an indoor crime scene with a smartphone or
pocket camera when a DSLR with an external flash is available. If you've
all you've got is a smartphone, give it a try.
Nikon D7000 SB-800 flash.
Exposed at f/4 because the flash
batteries were weak. Objects in
front are out of focus.
New batteries but the camera was
held too low, resulting in detailrobbing reflection on the Band-Aid
box.
This is the picture that we wanted.
Fresh batteries. Camera positioned
to avoid reflections. Aperture preferred at f/16.
Working in an area with reflective surfaces such as a bathroom, finding the right angle and aperture to control reflections and provide adequate
depth of field is a trial and error proposition.
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Routine Indoor Flash Pictures
Nikon D7000, SB-800 flash,
Program mode, ISO 100.
If you're really picky, the differences between cameras are
obvious on a 24 inch monitor
or in 12 x 18 inch prints, not so
much when the photos are
reduced to fit on one page.
Canon G15, built-in flash,
Program mode, Auto ISO
I used Word's format command to adjust the brightness
of each photo to the same
level.

7Panasonic ZS-9, built-in
flash, Intelligent Auto.
Naturally, the larger, more
expensive cameras deliver
better picture quality but the
pocket camera delivers picture
quality that will be more than
adequate most purposes.
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Mrs. McMicken's .357 Magnum hanging in the closet just where she
wants it if she has to take refuge behind a locked door while waiting for the
police to arrive. I used a single sensor to focus on the revolver's cylinder. I
didn't care about the clothes or the clothes hangers.
Focus on what's important and wait for your focus confirmation indication before taking the picture. Shoot at an aperture sufficient to capture
the required depth of field. This isn't rocket science but it's easy to forget
when you're in a hurry. You've got to do it right the first time.
Basically, you want to shoot an indoor scene starting at the presumed
point of entry and work towards the room or rooms in which the crime was
committed, recording every inch of wall and floor space from at least two
oblique angles. This isn't easy because most rooms have furniture blocking
every corner that you might want to shoot from.
Always shoot electrical and alarm panels showing the position of
switches, breakers and how they are labeled. This is a must at fire scenes.
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Mock Crime Scene
Real crime scenes tend to be somewhat messy. You may have to
clear bystanders to include officers not required by your department's crime
scene protocol out of the area to get anything done.
Every person entering a scene is likely to leave something behind,
even if it's only a muddy shoe print on the carpet. Ross Gardener described
the mess left behind by ambulance attendants trying verify that a supposedly dead victim is really dead and stabilized serious injured victims so they
can be transported to a trauma center as an EMT bomb.
Thus, the first order of business might be interviewing the people who
arrived before you did to ascertain what might have been moved, removed
or added to the scene and why that particular action was taken. Perhaps a
gun was kicked away from the hand of an injured suspect. The possibilities
are virtually endless and they all have to be identified and accounted for.
The second order of business might be a walkthrough staying on a
route calculated to avoid disturbing the scene and evidence within the scene. The walkthrough might by combined with shooting overall views but
I'd rather walk the scene and get the layout in my head before taking pictures.
I created a mock crime scene in my guest bedroom as the scene for
my Indoor Crime Scene slide show, using Christopher Duncan's Advanced
Crime Scene Photography and Ross Gardener's Practical Crime Scene
Processing and Investigation as my guides. These are as current and authoritative as any two books that I know of.
Chris Duncan is a Houston PD crime scene investigator. Ross Gardener is a retired Army Criminal Investigation Division Master Sergeant.
Their knowledge comes from personal experience.
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Chapter 7.5
The Knife and Gun Club
There are five liters, roughly 1.3 gallons, of blood in a typical human
body. Following a crime of violence, much of this blood can be found in
pools surrounding the body, in drops on the floor marking the path taken by
the victim or the perpetrator after the blow was struck, and in high velocity
spatter on the walls and ceiling.
It might be instructive to shoot a one liter can of tomato juice with a
.357 Magnum loaded with 125 grain hollow points traveling at 1,400 feet
per second. Wear old clothes. Don't stand too close. Wear eye and ear
protection. Make sure of you have a safe backstop. Messy.
If you want more realism, Evident Crime Scene Products sells synthetic blood. One version is physically similar to real blood for creating
mock crime scenes. The other is chemically similar to real blood for training investigators to locate latent blood stains using Hemascein and Luminol.
Blood pattern analysis is a recognized specialty among the forensic
science disciplines. The International Association of Blood Pattern Analysts publishes a list of training opportunities and an informative journal
which can be found at http://www.iabpa.org.
Blood stains are the number one item on the Evidence Collection
Guidelines based on the California POST training workbook circa 1993.
I've run across prominent mention of blood stain evidence in textbooks
going back fifty or sixty years and I'm sure that these long out of print
textbooks were in turn based on older texts going back to the pre-war years.
That's WWII for those of you who weren't around then.
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Interested readers are referred to standard texts such as Crime Scene
Photography 2nd Edition by Edward Robinson, Advanced Crime Scene
Photography 2nd Edition by Christopher Duncan and Bloodstain Evidence
2nd Edition by Eckert and James.
For our purposes, it is sufficient to know that blood must be photographed with the camera perpendicular to the surface on which the blood
was found and these photographs must be properly scaled and free from
detail-destroying reflections.
If a blood pattern analyst certified by the International Association for
Identification cannot come to the scene in person, he or she will have to
depend on photos taken by the original crime scene investigators. If you're
one of those investigators, don't embarrass yourself and your department by
trying to make do with a casual snapshot.

Oregon Rule makes an L-shaped folding rule in 48 x 48 inches and
7'8" x 7'8" sizes. Evident Crime Scene Products offers a set of four 48"
Super Sticks that can be assembled in several ways including the double
cross shown here. You'll need products such as these to scale blood spatter
on walls above baseboard level. Photos courtesy Oregon Rule and Evident
Crime Scene Products.
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The target shown here was made by squirting fabric paint on Foam
Core, both purchased for a few dollars at Walmart. Left: a useless snapshot taken from waist level.
Right: the photo was centered vertically and horizontally using a
Panasonic ZS9 on a Joby Gorillapod. The scale is a folding drywall Tsquare, available at Lowes or Home Depot.
This photo exhibits significant barrel distortion. Off-camera flash
would be needed to eliminate the hot spot in the center of the photo. Both
problems are easily solved with a DSLR, an external flash and an offcamera flash cord.
You're seeing a classic example of the reason professional organizations such as the IAI and the various scientific workgroups to include the
Scientific Working Group on Bloodstain Pattern Analysis are consistent in
their endorsement of DSLR cameras, to the exclusion of smartphones and
point and shoot cameras.
The International Association of Blood Pattern Analysts offers training programs from time to time. Blood pattern analysis is a degree program at some schools.
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Chapter 7.6
Vehicles
See: Vehicle Crime Scene Night slide show - download to view
The exterior of any vehicle from a bicycle to a locomotive can be
photographed during the daylight hours using whatever camera you have
on hand. Night shots and vehicle interiors require flash.
Vehicle photos should include
at least one shot of the VIN or serial
number. It took trial and error adjustments in the Faststone Adjust
Lighting screen to bring out the
serial number on a badly weathered
bulldozer.
Vehicle interiors can be challenging when bloodstains, bullet holes
and fingerprints are involved. If you have a DSLR with an external flash,
try using a plastic diffusion dome and tilting your flash at a 45o angle to
control reflections. Don't overlook the trunk, the glove compartment, the
ash trays, the floorboards and whatever might be concealed under the seats,
under the floor mats and behind the visors.
Back when LBJ was in office, I was taught to photograph vehicles
from the four ordinal points of the compass. Later, in the Eighties, I ran
across an RCMP training bulletin advocating the same technique.
More recently, I ran across an outline written by Steven Staggs, an
investigator, photographer and instructor with forty years' experience.
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Staggs suggests taking six straight-on photographs to document damage to a vehicle rather than the usual four oblique views.

According to Staggs, the logic of photographing a vehicle along the x
and y axes, with the x axis photos taken in line with the wheels, is that this
better demonstrates lateral forces resulting from a collision. Staggs also
stresses the importance of using fill flash as needed to throw a little extra
light into damaged areas to reveal detail that might not otherwise be captured under the high contrast lighting conditions common on sunny days.
For no reason except long habit, I'd be inclined to photograph a vehicle from eight points of the compass as illustrated in Chapter 5.2.
In an important case, you can have the vehicle towed to a garage
where you could set up a bank of photofloods or studio strobes to bring out
maximum detail without shadows.
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This photo was taken using a
Canon A95 pocket camera using the
focus assist light to aim.

This photo was taken with the
popup flash on a Nikon D70. I
neglected to remove the lens hood
which caused the black shadow at
the bottom of the screen. Always
remove your lens hood if you're
using the popup flash on a DSLR
for closeup work.
This photo was taken with an
SB-800 flash in the TTL-BL mode
commonly used for daylight photography. It's two stops underexposed. Reproduced as shot.

This photo was taken a few minutes
later with the flash in the TTL mode
commonly used for low light photography. Reproduced as shot.
Forgetting to check your camera
and flash settings when you arrive
at a new scene can cause no end of
problems.
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A wreck in a storage lot. I
focused on the near windshield
pillar. On a sunny day, the entire
car should have been in focus. The
back half of the vehicle is ever so
slightly out of focus. Bridge camera
in the auto mode. This camera is
long gone.
The same car a few months
later. Nikon D70. Aperture preferred at f/16. Everything including
cars on the highway is in focus.

Hayden's Twenty
After reviewing an earlier version of the manuscript, Hayden
Baldwin suggests that a minimum of twenty photos are required to document a vehicle assuming that nothing of consequence is found inside
the vehicle.
The four sides and four corners are eight. The VIN through the
windshield and license plate are two, for a total of ten.
Then, with all four doors plus the hood and the trunk open you
need another three shots left, right and center under the hood and another
three left right and center for the trunk for a total of six. Then, one shot
through each open door and you've got another ten, for a total of twenty
before photographing the vehicle's interior where weapons, drugs and
other evidence are likely to be found.
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Chapter 7.7
The Victim
The body of the victim and the injuries thereto are evidence. The
body of a homicide victim is easy to photograph because you can take your
time. Photographing an emotionally distressed assault victim requires
compassion in addition to photographic skills. Battered children and female assault victims should be photographed:
By a female officer or a forensic nurse accustomed to dealing with
emotionally distressed victims.
Before the injuries have been treated, after the injuries have been
treated, and once bruises have had time to develop.
Without removing any clothing not actually required to reveal the
extent of his or her injuries.
After all required releases have been signed and witnessed.
Click HERE to see the Standards and Practices for Bite Mark Photography by Dr. Greg Golden, chief odonatologist for San Bernardino
county. Click HERE to visit the forensic side of Dr. Golden's web site
which includes some instructive photos. Click HERE to see the Death
Investigation Guide published by the US Department of Justice.
These documents are as informative as anything that you're likely to
find outside of an advanced homicide seminar or a college-level course on
forensic pathology or forensic dentistry.
However, there are certain guidelines that have successfully withstood the test of time. I got this training from a pathologist on the staff of
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the Harris County Medical Examiner's office and an investigator for the
Brazoria County Sheriff's office forty-odd years ago.
This information is still current to the best of my knowledge but your
departments policies and procedures take precedence over anything that
you might read in this or any other book.
If you photograph an assault victim over a period of days to demonstrate how bruises have developed, use the same camera, the same lens, the
same settings, the same light source and the same room to ensure that
you're recording changes in the victim's condition and not the environment.
If an assault victim refuses medical treatment, take the best pictures
that you can get at the scene. Even if the victim declines to testify, the
photos can show the severity of his or her injuries.
In some jurisdictions, the police own the scene but the medical examiner owns the body. Generally, the medical examiner's office will dispatch
an investigator to process the body and arrange for transport.
In jurisdictions under the coroner system, a local MD, a justice of the
peace or even a mortician might be called to the scene to ascertain that the
victim is indeed dead and pronounce the time of death.
You need to know the procedures required to ensure a harmonious
working relationship with the coroner or medical examiner. We'll assume
that one photographer will follow the body from the scene to the morgue.
In practice this responsibility might be divided among several photographers.
Shooting overall views and medium closeups of a body does not
require anything special in the way of photographic technique. Shooting
closeups of trauma, identifying marks or scars, gunshot residue and so forth
might require a macro lens and off-camera flash.
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Today's close-focusing zooms are usually suitable for this purpose.
If you use a shoe-mount flash for closeups, a diffusion dome or a Pocket
Bouncer will give you more even illumination than direct flash. An offcamera flash cord is useful for this kind of work.
General Procedures
If homicide investigations are not covered in your department's crime
scene protocol and there are no homicide detectives on site to provide
guidance and instruction:
Take overall views of the body from eight points of the compass,
or as many points as the position of the body will allow, plus
overhead views.
Take medium closeups and closeups including full-face and profile
views and the hands and feet before they are bagged.
Photograph visible trauma and discolorations, including defense
cuts and hesitation marks.
Photograph any weapons found in the area.
Photograph articles of jewelry and apparel that might aid in identification or be lost in the process of transporting the body.
Photograph the rope or ligature paying particular attention to knots
in hanging and strangulation cases.
Ligatures should be removed by the pathologist at the morgue.
Ropes should never be untied. They should be cut twelve inches
above the knot, leaving the knot in place for removal by the
pathologist.
This applies to any tape, rope or cords that might have been used
to restrain the victim.
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The type of knot and the manner in which it was tied are important
and should be photographed before being disturbed.
Photograph all insects and insect larvae found on or near the body.
Collect specimens. A forensic entomologist can determine the
time of death based on the life cycle of various insects.
Photograph knives, arrows, spears or splinters protruding from the
body from several angles to show the direction of penetration. Try
to avoid dislodging or disturbing the knife. Leave it in place for
the pathologist.
Photograph the removal of the body, to include the ground under
the body and parts of the body that could not be photographed before it was moved.
Photograph the process of exhuming a body from a grave, and any
evidence found during the removal process.
Take accurately scaled photographs of bloodstains and blood spatter. Avoid shooting at acute camera angles. Use a normal focal
length to minimize distortion. Use an aperture small enough to
provide adequate depth of field.
Take unscaled photos before placing your scales and markers in
the scene.
A defense attorney might object that placing scales and markers
somehow disturbed the scene and concealed valuable evidence that
would undoubtedly exonerate said attorney's client.
Once the body has been outlined and removed from the scene, repeat the entire process. The defense may object to photos of a mutilated body.
Removing the body allows photographs of the scene to be introduced with the body represented by an outline.
Do not use a wide angle lens when a normal lens or a macro will
suffice.
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At $395.00 MSRP plus $15.00 S&H, the homicide investigation
video from http://www.forensicdeathinvestigation.com is well within the
reach of most schools and police departments. It is on sale for $150.00 in
November of 2016.
Simulaids can provide realistic trauma dummies and wound simulations. Prices start at $1,265 for a basic 165 pound Rescue Randy and from
$300 to $1,200 for wound simulation kits.
For training purposes, colorful children's Band-Aids can be used to
simulate cuts and bruises and provide well-defined targets on which to
focus.
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Chapter 7.8
Post Mortem
Just about everything in or on a body is wet, moist, curved or shiny.
This inevitably creates problems with reflections and depth of field.
Dr. Patrick Besant-Matthews
I have yet to meet a scientist who was not an accomplished photographer. A forensic pathologist is nothing if not a scientist. It follows that
medical examiners will make the necessary arrangements to ensure that
photos taken in their morgue are adequate for the intended purpose.

These photos, courtesy of Dr. Besant-Matthews, show the results of a
load of 00 buckshot to the victim's chest. The left hand photo is a standard
morgue photo. The right hand photo shows that the victim's arm was extended as though holding a pistol at the time the fatal shot was fired. This
is the money shot because it helps tell the story.
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Assume that a citizen has been shot to death and that you have been
assigned to photograph the autopsy. The following outline will suffice in
the absence of a pathologist or a homicide detective qualified to supervise
the photographer.
A complete series from every angle as the body is being removed
from the body bag, paying attention to items that might have fallen
from the body such as a spent bullet.
A complete series before the body is disrobed, to include all articles of clothing and jewelry that might aid in identification.
A complete series after the body is disrobed and before it is
cleaned, paying special attention to anything adhering to the body
that might be washed away during the cleaning process.
A complete series after the body has been washed, to include
closeups of injuries, discolorations, scars, powder burns, tattoos,
etcetera
Full-face and profile closeups.
Overhead views front and back. If necessary, use a ladder.
Closeups of additional injuries noticed by the pathologist.
Closeups of knifes, ropes and ligatures before and after removal,
and the injuries visible thereafter.
Photographs from several angles of any probes that might be inserted in a wound to trace the path of the bullet.
Additional photographs as directed by the pathologist during the
course of the autopsy.
Detailed photos of the victim's clothes after they have been allowed to air-dry showing all tears, bullet holes, powder burns and
blood stains.
Detailed photographs of the victim’s personal effects, to include
jewelry, watches and so forth.
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Chapter 7.9
Shooting Video
Canon and Nikon make a number of DSLR cameras suitable for still
photographers working at the professional level, all with built-in video
capability. Sony, Canon, Panasonic and JVC make dozens of camcorders
suitable for recording video evidence.
Once you have a suitable camera, your main expense will be a video
light bright enough to cover the largest scene that you expect to encounter.
An LED video light such as the Manfrotto/Lykos MLL1500D running on
AA batteries will suffice for residential interiors.
A large outdoor scene might force you to borrow a 4,000 watt light
tower of the kind used by road repair crews. You need plenty of light to
shoot good video. Stadiums hosting televised night games are lighted to
provide 4,000 or 5,000 lux on the playing field.
Use enough light to capture high quality video.
Use manual focus, exposure and white balance as required.
Start with exteriors to establish the location.
Proceed to interiors following a logical path.
Use a focal length that will cover the scene without zooming.
Strive for smooth pans and clean room to room transitions.
Once you've got your overall views, move in for closeups.
Leave audio off to avoid picking up commentary not meant for
public consumption.
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The Sony NEX-EA50M has a feature that, as far as I know, can't be
matched by any other camera. You can shoot off a tripod or extend the
base to shoot off your shoulder, providing a degree of steadiness that cannot be obtained without should support. Photos courtesy B&H.
On-camera video lights are
known as interview lights. Even
the good ones such as the Manfrotto Spectra 900F put out just
enough light to film an interviewee
standing ten feet from the camera.

When AC power and a
heavy duty extension cord are
available, an assistant with a
1,000 watt Lowel DP focusing
flood light with an insulated handle or an 8' light stand can throw
plenty of light where it is needed.
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Chapter 7.10
Reconstructions and Reenactments
A reconstruction is an attempt to identify a sequence of events constituting a crime or an accident based on evidence carefully collected and
scientifically analyzed by competent personnel. Any of forty or more
forensic specialties might play a part in collecting and analyzing the evidence on which a reconstruction is based.
A reenactment is a staged production in which actors step through the
events leading up to a crime or an accident based on the producer's theory
of the event. Needless to say, a reenactment commission by the prosecution is likely to differ from a reenactment commissioned by the defense.
That's the adversarial system at work.
Click HERE to see Shooting Reconstructions versus Shooting Reenactments by Dean Garrison of the Grand Rapids police department. Garrison is not enchanted with puppet shows (Garrison's words) based on theories that can't be supported by the forensic evidence.
In the old days going back to Charles C. Scott's Photographic Evidence published in 1935, reconstructions were documented with line drawings and still photography. At some point, film and video were used to
document reenactments with motion pictures.
Today, any number of software products can be used to create digital
reconstructions and reenactments. As with any software system, the quality
of the final product depends on both the accuracy of the information on
which the production is based and the skill of the operator. Garbage In
Garbage Out.
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I suspect that interest in "normal" lenses came about because a photo
taken with a more or less "normal" focal length supposedly preserved spatial relationships in a three dimensional reconstruction or reenactment more
accurately than wide angle and telephoto lenses.
If you are called upon to shoot a reconstruction or a reenactment, use
a DSLR with a prime lens more or less normal for the format. A 50 mm
lens is the traditional choice for full frame cameras. On an APS-C camera,
a 28 mm is equal to the diagonal of the sensor while a 35 mm has an angle
of view similar to a 50 mm lens of a full frame camera.
I own and routinely carry 24, 35, 50 and 60 mm primes plus the usual
zooms. On a recent trip to Cañon City, I spent some time photographing
the Royal Gorge excursion trains. Low and behold, even with unrestricted
access to the tracks, I could not get a side view of a single locomotive with
a 50 mm lens on my full frame Nikon.
Invariably, there were parked cars, buildings in various stages of
disrepair and dump trucks running back and forth which precluded backing
up far enough to get the shot I wanted with a 50 mm lens. No problem. I
replaced the 50 with a 24 and got my money shot.
By all means, have a "normal" lens in your kit but use the lens you
need to get the shot you want. If an attorney insists on a focal length duplicating a 50 mm lens on a full frame camera, I'm happy to oblige using a
Nikon 35 mm f/2 AF-D prime on my Nikon D7000 or a 50 mm f/1.4 prime
on my N90s. Using a fixed focal length prime eliminates a variable that
might be challenged by a well-coached defense attorney.
I urge anyone contemplating a reenactment or a reconstruction to read
Photographers versus Reality by Dr. Marc Green. Dr. Green brings up
issues that can be used to impeach an unprepared witness. A careful reading of these articles will ensure that you are not the unprepared witness
being hammered by a well-prepared attorney.
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If you are asked to stage a lighting reconstruction, I encourage you to
counter with a recommendation to hire a forensic lighting engineer. If you
yourself are not a qualified forensic lighting engineer, an attorney can use
http://www.jurispro.com to come up with ten well-credentialed men and
women with the expertise to pound you into the ground like a tent peg.
This "normal" lens business probably goes back to prewar Leicas
which were furnished with a 50 mm lens for business and economic reasons. That's pre-WWII, circa 1925.
In those days, it was customary to print black and white negatives on
8 x 10 paper for viewing at arm's length. 4 x 5 negatives could be printed
full frame leaving only a ¼" border. 35 mm negatives were often cropped
to 6.3 x 9.5 inches to preserve the entire image area.
There was probably some logic to this normal lens business when 8 x
10 inch photos were viewed at arm's length, somewhere between 16 and 18
inches depending on your sleeve length. There are lots of men wearing 34
and 35 inch sleeves, with petite ladies being somewhat shorter. I wear a 39
inch sleeve. Thus, there are many variables when suggesting that a print
should be viewed at arm's length.
Today, many if not most photos are presented on electronic display
systems ranging in size from 15 to 80 inches diagonally. Furthermore,
today's monitors have a 16:9 aspect ratio while digital images taken with a
DSLR camera have a 2:3 aspect ratio so the image size is smaller than the
screen size.
In theory, if you want a photograph reflecting "normal" perspective,
simply view the photo at a distance equal to the focal length multiplied by
the degree of enlargement. The math looks something like this assuming
that a photo taken with an 35 mm lens on an APS-C camera with a 15.6 x
23.6 image area is to be printed full frame at 12 x 18 inches on 13 x 19 inch
paper.
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12 x 25.4 = 304.8 mm, the height of the print in millimeters
15.6 / 304.8 = 19.54, the degree of enlargement
19.54 x 35 = 683.9, the correct viewing distance in millimeters
683.9 / 25.4 = 26.93, the correct viewing distance in inches.
I'm taller than average with longer arms. I normally evaluate photographs at a distance of eighteen inches. I can hold a print 26 inches from
the tip of my nose but it's an uncomfortable stretch. For most people, the
range from sixteen to eighteen inches is probably a fair average with anything over 24 inches being unrealistic.
Thus, this whole normal lens and correct viewing distance business
looks like a rickety house of cards.
If challenged to present a reconstruction to twelve average Jacks and
Jills seated in a jury box, I'd hire a competent engineer to prepare a plan
view (overhead) CAD drawing showing the area in question and the location and the height of all witnesses, victims and suspects known to be in the
area.
When the height and location of witnesses, victims and suspects is
known with some degree of precision, an engineer can create elevation
(side view) CAD drawings showing exactly how tall the victims and suspects would look to each witness. With that information in hand, a wellcoached prosecutor can persuasively demonstrate what can and cannot be
seen by each witness.
When each CAD drawing bears the stamp of a register professional
engineer (RPE) court-qualified as an expert witness, defense attorneys have
fewer hooks on which to hang their hats.
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Chapter 7.11
Practical Exercises

My worst case scenario is a train wreck in the middle of nowhere on a
dark night with victims and wreckage strewn along a mile of track. You
can't appreciate the size of a one hundred car train traveling at seventy
miles an hour until you stand by the tracks close enough to be buffeted by
the wind and feel the ground shake. Photo courtesy Wikipedia.
Figure out how many memory cards and spare batteries you might
need to shoot a train wreck or an air disaster involving multiple fatalities on
a dark night out in the boonies. Do you have enough memory cards and
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batteries? Do you have a vehicle that can get you there? Do you have foul
weather gear for yourself? Do you have Storm Sleeves or the equivalent to
protect your camera under monsoon or blizzard conditions?
Objective: Demonstrate your mastery of the basic skills related to
photographing a felony crime scene using a DSLR twelve megapixels or
better, Canon or Nikon preferred, APS-C or full frame, with a general
purpose zoom lens, an external flash, a diffusion dome, an off-camera flash
cord and a sturdy tripod. Given accurate focus and exposure, twelve megapixels will get you to 20 x 30 with quality sufficient for courtroom presentation on an easel at fifteen or twenty feet from the jury box.
This includes the skills required to edit your photographs to reveal a
full range of light and dark tones and prepare a slide show or PowerPoint
including explanatory text, a diagram and a Google Map to identify the
location and provide an overhead view of the surrounding area.
Photography is like shooting. You've got to put rounds downrange
and count the holes in the target to find out if you're really any good. If
you take a course graded solely on the basis of a written test, you might
have to look elsewhere for meaningful instruction. If you're not sure how
to go about a given exercise, download the following tutorials from forensic-photograph.com/tutorials.
Outdoor Crime Scenes Daylight slide show - download to view
Outdoor Crime Scenes Night slide show - download to view
Indoor Crime Scene slide show - download to view
Vehicle Crime Scene Night slide show - download to view
Before attempting the following exercises, study "How Camera Light
Meters Work" and "Flash Photography Basics" by Wayne Fulton and
"Understanding Middle Gray" by Jim Zuckerman. During my formative
years, I paid good money for textbooks that didn't that didn't have half the
content of these free articles.
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1.

During the daylight hours, photograph the exterior of a suburban
residence on a large lot, getting overall views from several angles,
midrange views of all possible points of entry and exit and closeups
of the locks on each door. Do not overlook the garage and any vehicles parked on or near the property. Remember to get a shot of the
house number and the nearest sign showing the street and cross street.

2.

Same as above except at night using flash and time exposures.

3.

Photograph a mock homicide scene in the master bedroom using a
dummy or a volunteer "body." Start at the door. Get overall views of
everything including the walls and the floor from at least two angles
plus scaled closeups of all objects within the room to include unloaded or simulated firearms, knives, empty cartridge cases, simulated
bullet holes on the walls and objects found under the bed and dressers. Photograph the contents of the closet, an adjoining bathroom and
the medicine cabinet therein.

4.

At night on a dark street or parking lot, photograph a car inside and
out with a volunteer "body" in the back seat. Make sure the license
number is legible. Don't forget closeups of the VIN number and everything you find on the floor, under the seats, in the door pockets and
ashtrays, in the glove compartment and in the trunk.

5.

Shoot a sporting event under the lights without flash, endeavoring to
anticipate fast action. You'll want a shutter speed fast enough freeze
the action, an aperture small enough give you sufficient depth of
field, an ISO high enough to cope with ambient lighting and a lens
long enough to frame the players to good advantage. If you can shoot
a little league or basketball game under the lights, you can probably
manage a routine surveillance.

Use Your Histograms! Keep Shooting Until You Get It Right!
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Evaluating Evidence Photos
Whether you're evaluating your own work or you're an instructor
grading a lab assignment, the acid test for evidence photos includes:
Properly focused with adequate depth of field.
Properly exposed with a full range of light and dark tones.
Photos are sharp and free from detail-robbing reflections.
Cross-lighting used to bring out detail in impression evidence.
Scales are in the same plane as and parallel to the subject.
The cameras is perpendicular to closeup subjects.
Each and every photo is relevant to the investigation.
Each and every photo is adequate for the intended purpose.
The object of interest fills the frame with sufficient foreground
and background detail to establish the context.
Quality sufficient to make exhibit-grade 20 x 30 inch prints that
will look good from the jury box when displayed on an easel.
ISO Controls Picture Quality

Aperture Controls Depth of
Field

Accurate Focus
and Exposure
Equals Exhibit
Quality Photos
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Shutter Speed
Controls
Camera
Shake And
Subject
Motion

