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Foreword to the Second Edition

Today's forensic photographer must possess much more knowledge and a wider range of skills than
his/her counterpart of 20 or 30 years ago. We live in a wonderful new world in which the old traditional
techniques of the silver halide wet photography process have been integrated with the dry bits and
bytes of the modern day computer screen. In order to be successful in this integrated and innovative
profession, the practitioner must have some degree of skill, but also command an exceptionally wide
range of old and new knowledge. Crime Scene Photography, Second Edition, is by far the preeminent
source for acquiring this knowledge.

The second edition of Crime Scene Photography has brought forth both significant additions and
improvements. Each chapter has been thoroughly reviewed, reorganized and revised based on the
quickly changing world of forensic imaging, but also, it appears, as a result of the many comments and
suggestions provided by readers of the original text.

A most notable addition is the new first chapter by Bob Sanders delineating the History of Forensic
Imaging. This chapter provides a succinct timeline regarding the history of photography, interspersed
with major forensic events, milestones, and court citations. The new chapter also provides a rich and
fact-filled description of how this profession encompasses all aspects of the photographic profession
in one form or another.

The new Chapter Eleven is also a welcome addition. “Digital Image Processing of Evidentiary Photo-
graphy,” written by David “Ski” Witzke provides the reader with the guidelines, requirements and spe-
cific protocols for the application of digital processing techniques. Every forensic photographer should
realize that understanding digital technology, computers and imaging software is as important today,
and in the future, as understanding how to process film was just a few years ago. It's a new imaging
world we live in, and it must be enthusiastically embraced.

As the author originally promised, more Tips, Tricks and MacGyvers would be forthcoming in subsequent
revisions. Tina Young adds a pithy insight and explanation on how to use Darkfield Illumination
while photographing a bullet hole in glass. In addition, King Brown and Dawn Watkins provide this
second edition with a thorough description, and step-by-step instructions, regarding High Dynamic
Range (HDR) imaging. This is a perfect example of the marriage of traditional forensic images with the
wonders of the computer. If anyone has had the opportunity to photograph a fire scene, then they will
be able to appreciate the benefits of understanding and implementing this valuable technique.



m Foreword to the Second Edition

A major improvement to this second edition is the addition of 144 completely new, high quality
images. Also, where appropriate, all images are now in full color. These two facts alone make this sec-
ond edition of Crime Scene Photography worth procuring. As with the first edition, a Web site is avail-
able to owners of this book containing over 500 additional images, most with accompanying text, and
in PowerPoint format. Again, this is an added value providing a wealth of additional information and
knowledge for the teacher, current professional or beginning student.

In 2007, Ted Robinson set the benchmark for all texts on forensic photography and imaging, and by
producing this second edition, he has significantly raised the bar for any other book of this kind. It is
a worthy addition to any serious forensic photographer’s library.

GERALD B. RICHARDS, FBI Special Agent (retired)
Former Chief, Special Photographic Unit, FBI Laboratory



Foreword to the First Edition

Since the introduction of photography in 1839 by Louis Daguerre this art and science has been
vigorously applied to law enforcement and the justice system of every civilized nation. From its hum
ble beginnings as a means of recording criminal faces, in the form of “mug shoots”, to the twenty first
century wherein almost all major cases depend heavily on photographic imaging, photography has
become the silent archivist and witness in untold thousands of civil and criminal matters. We only have
to look at the millions of images produced each year in recording accidents, crime scenes, evidence,
and for demonstrative exhibits to understand why the forensic photographer is truly the “master of all
photographic trades”. The overall field of forensic photography covers a wide variety of photographic
and imaging disciplines, each having a multitude of techniques, equipment and levels of experience.
When we really think of “Forensic Photography” (photography as it applies to legal matters) it covers
the entire gambit of imaging know-how, from the portrait (mug shoot) photographs to aerial, macro,
micro, spectral, studio, field, underwater and many other facets of the photographic profession. In
addition, the modern forensic photographer must be part chemist, physicist, color expert, mechanic,
lighting technician, computer geek, artist, communicator and investigator, in order to be successful.

Crime Scene Photography is an extremely well organized book. At the beginning of each of the ten
chapters are the Learning Objective and Key Terms that will be used for the remainder of the text.
Within the text are tips and rules-of-thumb that highlight important aspects of the chapter. The chap-
ters then conclude with a succinct Summary, Discussion Questions, Practical Exercises and a compre-
hensive list of Further Readings. What I found to be the most compelling attribute of this book is its
abundance of well thought-out, high quality photographs that compliment the text and lessons being
presented. The photographs not only show the reader how to do it, but just as important, how not to
do it. After all, what is a text on photography without good photographs?

This literary work outlines the basic foundation of forensic picture-taking in substantial detail, making
an ideal tutorial for a person just entering the field. It covers the basic crime scene scenario providing
important details to guide the student, and professional, through the process in a step-by-step manner.
Not only is the photographic aspect addressed, but the handling and care of evidence and maintenance
of the crime scene are integrated into the process.

xiii



m Foreword to the First Edition

What I perhaps appreciate most about Crime Scene Photography is the in-depth explanation of subjects
that seem to confound and confuse even many experienced practitioners, such as diffraction in close-up
photography, inverse square law and ultraviolet/infrared imaging in which one entire chapter devoted.
Good explanations of these subjects are difficult to find. Another important chapter that is non-existent
in other forensic photography books is photogrammetry. The photogrammetry techniques discussed
here are basic single-image graphical methods that can be implemented with little previous experience
or equipment, and can provide a reasonable degree of accuracy if the underlying principles are fol-
lowed. This chapter, along with the chapter covering lenses, further emphasizes important basic concepts
regarding angle of view and perspective. Having a chapter devoted to Digital Imaging is perhaps one of
the most valuable aspects of Crime Scene Photography. It is a wealth of succinct information that the
forensic photographer will deal with on a daily basis and is, of course, the technology of the future.

Not since Charles C. Scott’s, 1942 epic text, Photographic Evidence has there been a book this detailed
and well written. Ted Robinson has taken a complex subject, strewn with technical jargon, detailed
processes, both old and cutting edge technology, and wove it into a comprehensive authoritative work
that well serves both the student and seasoned professional. Having taught this subject at the college
level for many years, it most surely would be the text book I would select for my students. And if an
experienced practitioner were to acquire only one book on forensic photography for their bookshelf
this year, Crime Scene Photography should be their choice.

GERALD B. RICHARDS, FBI Special Agent (retired)
Former Chief, Special Photographic Unit, FBI Laboratory
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Introduction

This textbook is designed for two principal photography student types. One group is the student in an
academic setting. Students are expected to acquire a solid grasp of the theories and concepts of their
various courses. This is the Knowledge point of the “KSAs” frequently required by employers. Students
in an academic setting normally are expected to also learn the aspects of photography that have their
foundation in physics and optics. But, to make students competitive in the real world when applying
for their first jobs, it is also important to have them acquire the Skills and Abilities which are the
remainder of the sought after triad of “KSAs.” Current students will have to capture successful images
at their future jobs.

A second student type is the current practitioner working within various law enforcement agencies.
Techniques to get the job done are what they look for. These students will hopefully learn the basics
of crime scene photography, and improve their skill set by reading this text, and eventually become
recognized within their agencies as the go-to person when quality images are required.

This marriage of theory and practice is a fundamental aspect of this textbook.

Now, I am extremely excited to be able to produce this Second Edition. I have tried to update each of
my chapters from the First Edition, and this Second Edition has additional material not originally in
the First. This edition also has 144 new images.

Robert Sanders provides a new first chapter on the History of Forensic Imaging. This grounds the
remaining chapters by giving the reader a sense of where we’ve come from. One should know one’s
roots to appreciate where one currently is and what one has. This new first chapter does this nicely.

David Witzke has added a new chapter on Digital Image Processing. This is a complementary chapter
to his original chapter on Digital Imaging. I fear many may buy this book just for Ski's two chapters!
Since Ski is already planning his third chapter, I expect he’ll soon become the primary author. I'd be
delighted and proud to submit proposed chapters to Ski when this happens.

Readers will quickly discover that this Second Edition is in full color! Academic Press agreed this
photography book could only reach its full potential by being in full color. It makes everything so
much easier to understand.

xXvii



m Introduction

How can one judge the success of the First Edition? Gross sales do not tell the whole story. I personally
knew that the true success of the First Edition would not be told by gross sales. Only if the profes-

sionals in the field accepted my book could it truly be regarded a success. When the IAI's Crime Scene

Certification Board chose the First Edition as required reading for each of their three certification levels,

then, and only then, did I know my book had been accepted by those who mattered. It is hoped that
this Second Edition proves equally qualified.

EDWARD (TED) ROBINSON



CHAPTER 1

History of Forensic Imaging

Robert C. Sanders, M.A.

Forensic Scientist
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MY INSPIRATION

A common misconception is that the history of our profession is useful only to historians, teachers,
students, and trivia buffs. This misconception is re-enforced by the daily pressures of the workload that
sometimes has to be accomplished with inadequate staff, outdated equipment, limited funding, lack
of recognition of photography as a profession, and limited training.
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Several years ago, two things prompted me to put together a presentation on the history of forensic photo-
graphy that I have presented at several International Association for Identification (IAI) conferences,
which, in turn, evolved into this chapter. First, it became apparent this was a weak area for applicants
taking the written component of the IAI Forensic Photography Certification Test. Second was the follow-
ing comment that Ron Smith (retired forensic scientist and President of Ron Smith and Associates) made
to me: “If you do not know the history of your profession, you are doomed to repeat its mistakes.”

As 1 began putting this presentation together, I soon learned that I was gaining a better insight into
how the evolution from film to digital photography was changing how I do my own job, just as previ-
ous evolutionary changes in photographic technology had affected my predecessors. One pattern that I
observed was that the profits in the consumer photographic market were a significant factor in the sur-
vival of a technology. As a result, when my laboratory director asked me what signs he could look for
to determine when we would have to convert from film to digital, I told him the following: When you
go into the local discount stores and see a dramatic reduction in film for sale to consumers, you better
have the funding to convert to digital photography, and when there is no film for sale for consumers,
you need to have already completed the conversion. It also made me more aware that the students in
evidence technician class had to learn the same basic photographic skills with their digital cameras that
I learned in the late 1970s with film-based cameras.

THE PRACTICAL VALUE

I hope that this background will help to explain why a knowledge of the history of forensic imaging
can be useful in several practical ways to anyone working in any capacity in forensic/law enforcement
imaging. First, you will have the knowledge needed to refute a mistaken argument that a procedure
or equipment that you use is new and novel and therefore subject to a Frye Hearing to determine
admissibility. Just because it is new and novel to a defense lawyer or an individual forensic photogra-
pher does not necessary mean that it is new and novel to the forensic science community as a whole.
Second, if you are going to be taking a certification test, most written certification tests include ques-
tions about the history of your profession. Third, it can help you to anticipate the likely impact and
how to adapt to changes or evolution in technology. Fourth, this knowledge can help you to be better
prepared to advise lawyers, managers, and others on forensic imaging issues. Fifth, keep in mind that
the law enforcement market is a relatively small percentage of the overall still photography market as
compared to commercial photography, the consumer market, the newspaper and magazine publishing
industry, portrait/wedding studios, and mini-labs. From this perspective, it makes sense to keep up to
date with what happens at the Photo Marketing Association (PMA) imaging trade show, where most of
the new imaging products are announced, except for specialized equipment used only by law enforce-
ment or other small niche markets.

The important part is that as you read through the following history, you should also be looking for
patterns in the evolution of the technology and the markets for this technology. In the early days of the
wet plate, the market for photographic equipment and supplies was limited to mainly professionals.
There is a valid argument that Kodak changed all that when it marketed roll film cameras to the general
public and provided the processing and printing. In today’s digital photography world, there are three
markets: amateur or consumer, prosumer, and professional.
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So much for the overview of the framework; now we move on to the main course, the history of foren-
sic imaging.

THE HISTORY

The history of forensic imaging begins with the camera obscura, the first pinhole camera. Although
there may be a conflict among authors as to who is the first to describe the camera obscura, it is most
likely the Arab scholar Hassan bin al Haitham who wrote about it in 1038 (Davis, 1995, p. 2; Frizot,
1998, p. 18). It is common knowledge that these early pinhole cameras were used by scientists to
observe the sun and by artists to make sketches. Two others who are credited by some authors as the
first to describe the camera obscura are Roger Bacon in 1267 and Leonardo da Vinci in 1490 (Davis,
1995, p. 2; Frizot, 1998, p. 17).

In reference to the early history of imaging, there are two potential reasons for differences in the date
that an author lists for a specific historical event. First, each event has a possibility of four dates associ-
ated with it: when the research began, when the research results were completed, when the results were
patented, and when the results of the research were first published or publicly announced.

There were three more evolutions in the design of the camera obscura that were necessary before
it would have all the basic functional parts of early photographic cameras (see Figure 1.1). In
1550, Girolamo Cardano added a lens to the design of the camera obscura. It is reported that he
used the word “lens” because the color of the glass lens reminded him of brown lentils that were
used in Italian soup (Hedgecoe, 1980, p. 18). The second evolution, the addition of lenses and
curved mirrors to produce an upright image, was accomplished in 1558 by Giovanni Battista della
Porta (Davis, 1995, p. 2). However, this was not published until 1588 (Frizot, 1998, p. 18). The
third evolution, the invention of a diaphragm, was
believed to have been made by Daniele Barbaro in
1568 (Hedgecoe, 1980, p. 18).

The early discoveries that ultimately led to the devel-
opment of flexible silver halide-based film were also
progressing slowly. In 1614, Angelo Sala observed
that sunlight turned silver nitrate black. However,
he did not know why, and there was no record of
him recognizing the significance of this observation
(Davis, 1995, p. 3). Later in 1725, Johann Heinrich
Schulze proved that some silver salts were dark-
ened by exposure to light (Davis, 1995, p. 3) (1727
according to Hedgecoe, 1980, p. 20; Frizot, 1998,
p. 18). In 1737, Jean Hellot was reported to have
used a photographic process to make secret writings
visible by exposure to light. Hellot may have been
the first one to use the word “photography,” which
means writing with light (Hedgecoe, 1980, p. 20).
In 1777, Carl Wilhelm Scheele discovered that silver

FIGURE 1.1

This is an example of an 1840's portable camera obscura
with an adjustable diaphragm. Photograph Courtesy of George
Eastman House. © George Eastman House.



‘ CHAPTER 1 History of Forensic Imaging

chloride was reduced to blackened silver by exposure to light and that ammonia dissolved the silver
chloride without affecting the blackened silver. However, there was no recording of Scheele’s trying
to use this discovery to record photographic images (Davis, 1995, p. 3; Frizot, 1998, p. 19). The first
known attempt by Thomas Wedgwood to use a photographic process to take a photograph with a
camera obscura occurred in 1795. The attempt failed due to a combination of underexposure and
Wedgwood’s inability to fix the image (Davis, 1995, p. 4; Hedgecoe, 1980, p. 20).

In 1800, Sir William Herschel made a discovery that would later be extremely important to law enforce-
ment photographers. Herschel discovered the invisible infrared region by a simple experiment. He
used a beam splitter to split out a white light source into individual colors when he placed a thermom-
eter next to the red end where there was no visible color of light. This is how he discovered the infrared
region of the electro-magnetic spectrum (Scott, 1969, Vol. 2, p. 79).

In 1816, Joseph Niépce began his photography experiments (Davis, 1995, p. 4; Newhall, 1964, pp. 13
and 32; Frizot, 1998, p. 19). In 1819, while Niépce was conducting his experiments, John Herschel
discovered that hydrosulfite of soda dissolves silver salts (Newhall, 1964, pp. 13 and 32; and Frizot,
1998, p. 19). This was the missing link needed to fix a developed photographic image. However, it was
not until several years later in 1826 when Niépce successfully made the first known photograph (see
Figure 1.2). For this reason, he has been credited as being the inventor of photography (Davis, 1995,
p. 4; Newhall, 1964, pp. 20-21; Frizot, 1998, p. 19).

It was also about this time that the first discovery critical to the development of motion pictures and
video recording was made. In 1824, Peter Mark Roget wrote a paper on the persistence of vision,
which was credited with leading to the following inventions that preceded motion pictures and
video: Ayrton’s thaumatrope, Stampfer’s stroboscope, Faraday’s Wheel, and the flip book (Cheshire,
1979, p. 18).

There is no known record of Niépce's technology being commercially successful. However, in 1829
Louis Daguerre formed a partnership with Joseph Niépce and, after Joseph's death, with Isidore Niépce
(Frizot, 1998, p. 21). In 1839, Daguerre’s invention, the daguerreotype, was announced by Arago. The
daguerreotype used a silver nitrite light-sensitive emulsion that was developed with mercury vapor and
fixed with a strong salt solution to produce a positive photographic image (Davis, 1995, p. 5). The

FIGURE 1.2

On the left is a photograph of
Joseph Niépce. On the right is
the first photograph that he took
in 1826. © Brian Ratty, Photo
Seminars.
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daguerreotype was the first commercially successful photographic process. Later in this chapter, three
photographic processes that replaced the daguerreotype will be discussed. In addition to their histori-
cal value, these processes are important for the modern forensic photographer because they show how
the past market trends have influenced the adoption of new photographic technology. Understanding
this recurring pattern may help a forensic photographer to better understand how the photographic
market is likely to affect what technology will be available within the next 2 to 5 years, especially when
planning for future photographic capital equipment budgets.

Before the announcement of the daguerreotype, in 1835 Fox Talbot is reported to have produced
a photographic negative (Hedgecoe, 1980, p. 22). This was followed in 1839 by Sir John Frederick
William Herschel’s discovery of hyposulphite of soda for fixing photographic images. Therefore,
he was credited with developing hypo for fixing photographic images. Further, Herschel was also
credited with coining the term “photography” (Davis, 1995, pp. 6-7; Hedgecoe, 1980, p. 20; fur-
ther, according to Hedgecoe, it was Jean Hellot, who earlier used a photographic process to make
secret writings visible by exposure to light, who coined the word “photography,” which means “writ-
ing with light.”). Also in 1839, William Henry Fox Talbot invented the calotype, which was a silver
chloride-coated light-sensitive paper that was fixed with strong salt solution (Davis, 1995, pp. 5-6;
Hedgecoe, 1980, p. 22). The calotype also appears to have been a commercially successful photo-
graphic process. The calotype was later patented by Talbot in 1841 (Hedgecoe, 1980, pp. 22-23). In
my research into the history of forensic photography, I noted several conflicting dates related to sev-
eral photographic inventions. Some of these conflicts may be due to any one of the following: mis-
take by other authors, using the date the research started, using the date the research first produced
successful results, using the date the invention was announced, or using the date the invention was
patented.

Both Talbot (calotype) and Daguerre (daguerreotype) later used Herschel’s hypo to fix their photo-
graphic images (Davis, 1995, pp. 5-7).

From 1839 to 1841, there were three significant uses of daguerreotypes. In 1839, Noel Lerebors’s scenic
daguerreotypes were copied by engravers for publication (Davis, 1995, p. 9). This use was significant
because the printing/newspaper industry later became a major market for photographic equipment,
supplies, and processors. In 1840, the first portrait studio in New York City opened by Wolcott and
Johnson (Newhall, 1964, p. 21). This use is significant because this was the first professional use of
photographs and in a market that is controlled by what the customer was willing to purchase. In 1841,
the Paris police department was the first agency to use daguerreotype mug shots (Miller, 1998, p. 1;
Scott, 1969, Vol. 1, p. 2).

In 1844, Talbot developed an improved calotype paper negative. This was a paper negative process
using a gallic acid and silver nitrate solution with a hypo fixer. This is the process that eventually
evolved into the photographic negative printing process that is in use today (Davis, 1995, p. 7). In the
same year, Talbot’s book Pencil of Nature was the first to use photographic illustrations with calotype
prints (Davis, 1995, p. 9; Frizot, 1998, p. 62)

Several years later, in 1851, there were several significant developments. Aimé Laussedat is consid-
ered the developer of the science of photogrammetry (University of Vienna website, Introduction to
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Photogrammetry). Frederick Scott Archer developed the collodion or wet plate process. This consisted
of an emulsion of iodized collodion immersed in a bath of silver nitrate coated on a glass plate. This
emulsion had to be exposed while still wet, which led to the nickname of “wet plate process.” The
emulsion was developed in either pyrogallic acid or a solution of ferrous sulfate (Davis, 1995, p. 8;
Spira, 2005, et al., p. 43). Finally, there was the first documented scientific examination of a photo-
graphic fake. This involved the claim by Reverend Levi Hill that he had developed a method to take
color daguerreotype photographs (Davis, 1995, p. 18). However, two authors listed this color photo-
graph as genuine (Newhall, 1964, pp. 269 and 272; Spira, 2005, et al., p. 31).

Another milestone was accomplished by Sir George G. Stokes when in 1852 he discovered UV fluo-
rescence and formulated Stokes’ Law (Scott, 1969, Vol. 2, p. 63), which is the fundamental theoretical
basis of all fluorescent photography currently used in law enforcement. This theory is very simple. The
wavelength of the fluorescence is always longer than the wavelength of the light that excited the fluo-
rescence. The fluorescence will not be as bright as the exciting light source. What this means in practice
is that if the film or camera sensor is sensitive to both the color of the exciter light source (such as an
argon-ion laser with an output at 514nm) and the color of the fluorescent light (such as the color of
the fluorescent color of R6G dye-stained latent print evidence), you will need a barrier filter to block
the exciter light source so that the film or sensor can record the fluorescence.

From 1854 to 1855, three new photographic processes became available that produced lower quality
photographs but were cheaper than the daguerreotype process. Starting in 1854, J. A. Cutting invented
the ambrotype. The ambrotype is a collodion on a glass bass. It was cheaper and easier to process com-
pared to the daguerreotype process (Davis, 1995, p. 10). In the same year, André Adolphe-Eugene Disdéri
invented and patented the carte-de-visite process, which was an albumin emulsion coated on paper.
Again, carte-de-visite was cheaper and easier to process compared to the daguerreotype process (Davis,
1995, p. 10; Spira, 2005, et al., pp. 55-62). In the following year, Hamilton Smith invented the tintype,
which is also called a ferrotype. It is a collodion emulsion coated on metal. Again, the tintype was cheaper
and easier to process compared to the daguerreotype process. Because of the cost, even high-end portrait
studios had to convert from the higher-quality daguerreotype because customers in general were more
interested in how much they had to pay for the portraits (Davis, 1995, p. 10). So what does this mean
for today’s forensic photographer? Basically, the professional portrait photographers determined which
cameras were being purchased, and thus their purchases determined the camera side of the market sim-
ply because there did not appear to be any significant amount of photography done by amateur photo-
graphers up to this point. However, in terms of the recording medium, it was what amateur consumers
were willing to purchase that appears to have controlled which media is used and which media becomes
obsolete. Although this is very simplistic compared to today’s market, studio owners had the same prob-
lem when planning for future purchases of cameras and recording media that forensic photographers
have today. The successful studios probably looked at which cameras their fellow professionals pur-
chased and then decided which of these cameras best suited their needs. The successful studios probably
looked at how much amateur consumers were willing to pay for portraits and then decided on one of the
photographic processes (equivalent of film today) that would allow them to make a profit at this price.

Now going back to the history, the next major event was accomplished in 1858 by French photographer
and balloonist Gaspar Felix Tournachon, nicknamed “Nadar,” who took the first known aerial photograph
of the French village of Petit-Becetre. Because he was using the wet plate process, he had to carry a complete
darkroom in the basket of the tethered hot-air balloon that he used (Jeffery, 1998, p. 220).



The History

Although it could be argued that forensic image analysis began in 1851 with the scientific examination
of a faked color daguerreotype, it was not until 1859 when the United States Supreme Court ruled on
the admissibility of photographs used as evidence in Luco v. U.S., 64 U.S (23 How.) 515, 162 L. Ed. 545
(1859). In this case, the Court ruled that photographs of a document were properly admitted in place
of the original document, for the purpose of proving that a land grant title document was a forgery
(Miller, 1998, p. 1; Scott, 1969, Vol. 1, p. 2-3).

Stereo photography was very popular for a time, and by 1860 stereo viewers with stereo prints and stereo
transparencies were commonly found in up-scale homes (Davis, 1995, pp. 10-12). You can still find these
viewers in flea markets, but from the limited number of vendors who serve this small amateur niche mar
ket, it was never used to any significant extent by law enforcement agencies in the United States. However,
a combination of stereo photography principles, combined with a VR camera system (such as the pan-
and-scan camera system) and photogrammetry software to make a VR image of the crime scene with inter-
active measurement capabilities, is being using by law enforcement agencies in the United States.

From a technology standpoint, there was a very interesting development in color photography in 1861.
Maxwell and Sutton were able to successfully make color separation negatives, which, when projected
through the corresponding red, green, or violet filter to which they were photographed through, resulted
in a color image of the object photographed. What makes this interesting is that the film at that time was
orthochromatic (no sensitivity to red light) so that, in theory, it should not have worked. However, in
1961, Ralph Evans proved that it could have worked because of the fluorescent properties of the red dye
in the object photographed (Davis, 1995, p. 18). This is the first recorded used of RGB color separation
negatives to reproduce a color image. An understanding of color separation negatives is still useful today
to better understand how to process digital RGB images in software such as Adobe Photoshop.

Also in 1861, Mathew Brady began coverage of the American Civil War using the profits from his portrait
studios to finance his team of photographers (Davis, 1995, pp. 10-12). Although Brady was probably

the most well known, there were several other photographers who photographed the American Civil

War. The Civil War Photographs in Figures 1.3 and 1.4 that were taken by Alexander Gardner illustrate a

misrepresentation of what is depicted. This type of misrepresentation could have been the start of some

form of public mistrust in what is depicted in a photograph.

o
FIGURE 1.3
This Civil War photograph by Alexander Gardner was taken in 1863 and first reproduced as a
picture of “Death Confederate Soldiers” and later reproduced and captioned as a picture of “Death
Union Soldiers.” Photograph courtesy of Library of Congress, Prints and Photographs Division.
Reproduction Number LC-B8184—7964-A.
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FIGURE 1.4

This Civil War photograph by
Alexander Gardner was taken in 1863
The “Scene Reported To Have Been
Created By Posting The Body” to
create the scene. Photograph courtesy
of Library of Congress, Prints and
Photographs Division. Reproduction
Number LC-B8171-7942.

Crime scene photography dates back to 1867. The overall law enforcement marketing strategy in 1867
for a crime scene camera parallels many of the sales pitches used by persons selling digital camera
systems today (seeFigure 1.5). We may laugh about an advertisement’s statement that the camera will
replace sketches, but this theme is reminiscent of the sales pitch used in the mid-1980s to sell the U. S.
military on a total conversion to digital photography.

FIGURE 1.5

First known ad\vertisement for a crime Scene camera in the United States. Photograph

courtesy of Lighting Powder Company.

Capture the scene
as never before.

No more unsightly sketches. No more
having to rely on memory. The world's

est i ion will be iled at
the Paris Exposition,1867.

This Baywood Gentry Photographic
Camera comes complete with tripod,
cap, traveling case and plates.

Every Camera Warranted
for Five Years

‘Document the world, photograph his-

tt{ry.

mlga_lrated catalogs with price lists
mailgd free on application,
L} .

The 1860s and 1870s ushered

in the era of the fake ghost pho-

tographs used to commit fraud.

The basic fraud was very simple.

Criminals would scan the newspa-

pers for the names and addresses

of the wealthy relatives of recently

deceased persons. With this infor-

mation, the criminals would

approach their victims and offer
to hold a séance for a fee to enable

the victims to contact the spirits of
the recently deceased relatives. For

an additional fee, the criminals

would also provide a photograph

of the victims with these spirits.

These spirit photographs were

faked by a double exposure either

in the camera or in the darkroom.

Figure 1.6 shows a newspaper
report of a criminal case involving
ghost photographs and expert
photographic testimony in the
United States (Becker, http://

www.photographymuseum.com/

mumler.html).
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FIGURE 1.6
In this New York City case, there was expert testimony as to how the ghost photographs
likely were faked.

The next major advance in the development of photographic film emulsion was the discovery in
1873 by Dr. Hermann Wilhelm Vogel of dye-sensitizing technology that extended the color sensi-
tivity of black-and-white films into the red region of the visible light spectrum. This was the key
discovery that led to the development of modern black-and-white panchromatic film (Davis, 1995,
pp- 18-19).
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The 1870s also saw continued recognition of the admissibility of photographic evidence by the courts in
the United States. In 1874, the Pennsylvania State Supreme Court in the case of Udderzork v. Commonwealth,
76 Pa. 340 (1874) affirmed judicial notice of the use of photographs as an established means of repro-
ducing a correct likeness of a person (Scott, 1969, Vol. 1, p. 4). In 1875, the Massachusetts State Supreme
Court in the case of Blair v. Inhabitants of Pelham, 118 Mass. 420 (1875) affirmed the use of traffic accident
photographs to show the road conditions that were a factor in the traffic accident (Miller, 1998, p. 1). Later
in 1879, the Iowa State Supreme Court affirmed the admissibility of tintype photographs of injuries in the
case of Redden v. Gates, 2 N.W. 1079, 50 Iowa 210 (1879) (Scott, 1969, Vol. 1, p. 5; Miller, 1998, p. 2).

Many think of photogrammetry as a relatively recent merger of photography and mathematical analysis.
However, according to the University of Vienna website, archaeologists in 1885 used photogrammetry to
record and document the ancient ruins of Persepolis. Plus, in 1889, C. Koppe published the first German
Manual of Photogrammetry (University of Vienna website: http://www.univie.ac.at/Luftbildarchiv/wgv/
intro.htm).

The historical question of who first invented flexible transparent film began with the Reverend Hannibal
Goodwin applying for a patent in 1887 that was not granted until 1898, after the granting of the Eastman
patent application that was filed in 1890. The final question was answered by the courts in 1914 when
Ansco, the company that acquired Goodwin's legal rights, won a civil lawsuit against Eastman Kodak in
the amount of $5 million (Davis, 1995, p. 17).

Banks first began to use cameras to photograph persons attempting to break into them in 1887. In
1893, bank photographs were used to identify a bank robbery suspect in New York City (Scott, 1969,
Vol. 1, pp. 5-6). Just as film-based photography has evolved into digital photography, this can be
considered the beginning of what is evolving into the imaging subspecialty of forensic video analysis.

In this same time period, aerial photography was in its early beginnings. In 1897, Alfred Nobel took
the first successful aerial photograph with a rocket-mounted camera (Scott, 1969, Vol. 1, p. 7). By
1903, the Bavarian Pigeon Corps was using their pigeons to take aerial photographs with a camera
designed by Julius Neubranner (Professional Ariel Photographer’s Association International website,
http://www.papainternational.org/history.html).

The turn of the century saw many important developments in photographic technology. In 1904, the
Lumiere brothers patented the autochrome color photography plates that were put into production in
1907 (Frizot, 1998, p. 414). By 1910, Kodak dominated the amateur market, and most of today’s photo-
graphic techniques had already been developed (Davis, 1995, p. 17). In 1912, Siegrist and Fischer were
able to produce color images by chemically forming dyes in the emulsion layer during development
(Davis, 1995, p. 19).

These early photographic technologies were also being applied in forensic applications (see Figure 1.7).
The Massachusetts State Supreme Court upheld the admissibility of a firearms identification photo-
graph in Commonwealth v. Best, 62 N.E. 748, 180 Mass. 492 (1902) (Miller, 1998, p. 2). By 1907, all
intoxicated persons in Denver, Colorado, were being photographed by the police department (Miller,
1998, p. 2), and the state of Massachusetts approved the use of photographic speed recorders to detect
speeders (Miller, 1998, p. 2). This remains a controversial application even today, when used at traffic
lights to catch vehicles running red lights in addition to speeding.
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In Chicago in 1915, several professionals formed the
International Association for Identification, which has evolved
into the oldest and largest forensic science organization in
the world; it represents several forensic disciplines including
forensic imaging. This was followed in 1948 in St. Louis by
the formation of the American Academy of Forensic Sciences,
which has members from over 59 countries; the academy has
a digital and multimedia evidence discipline that represents
forensic photographers (AAFS Information Letter included in
CFSO lobbying packet, 2001).

_ i t The Ohio Appellant Court was in the forefront of defining
FIGURE 1.7 the standard for the admissibility of imaging evidence when
Composite photographic image of the Houdon bust it Tuled in the case of Duncan v. Kiger, 6 Ohio App. 57 (1916),
and the corpse of John Paul Jones. Photo courtesy ~ that @ motion picture was not admissible because it did not
Naval Historical Center, Washington, D.C. show the details clearly enough to be useful (Scott, 1969, Vol. 1,

p- 8). Because the motion picture was not an accurate repre-
sentation, this is consistent with the current requirements that a photograph must be relevant, mate-
rial, a fair and accurate representation, and not overly prejudicial to be admissible in most jurisdictions
in the United States.

Moving on, by 1930 the newly invented flash bulb was in widespread use (Miller, 1998, p. 2). This porta-
ble light source made possible the taking of many evidence photographs that might otherwise have been
unobtainable. To give you an idea of how powerful these flash bulbs were, a #50 flashbulb that was about
the size of a 500-watt photoflood bulb could be used to take a photograph of an average-sized charred
living room on 8 x 10 Tri-X at F22 at 1/60 second on M sync. Flash bulbs, however, did have three draw-
backs. First, immediately after being fired, they were very hot. Second, as claimed by some U. S. Army
signal corps photographers, they can be set off by high-power microwave transmitters. Third, they will
explode if the protective coating is damaged or removed.

As imaging technology was advancing, courts in the United States were ruling on the use of this emerg-
ing technology and were developing the current standards of admissibility. An Ohio appellant court in
1928 [Beach v. Chollett, 31 Ohio App. 8 (1928)] ruled that photographs of X-rays were not admissible
in place of the X-rays because the photographs did not show some significant details that were visible
in the original X-rays (Scott, 1969, Vol. 2, p. 41). This is a very simple standard that is independent of
technology. To be admissible, an image must be a photographic reproduction of the original object that
is accurate enough to assist the jury without misleading the jury about what the original object looked
like. By 1930, the courts had accepted sound motion picture recordings of confessions [Commonwealth
v. Rollen, 100 P.Super. 125 (1930), Scott, 1969, Vol. 1, p. 9]. In 1931, the Illinois State Supreme Court
[People v. Greenspawn, 179 N.E. 98, 346 ILL. 484 (1931)] affirmed the use of X-rays by a dentist to iden-
tify a person (Scott, 1969, Vol. 2, p. 51). The New Hampshire State Supreme Court in State v. Thorp, 171
A. 633,86 N.H. 501 (1934) upheld the admissibility of an ultraviolet photograph of footprints in blood
(Scott, 1969, Vol. 1, p. 9). In addition to looking at the final photograph, the courts in several states, to
include Massachusetts [Snyder v. Massachusetts, 54 S.Ct. 330, 291 U. S. 97, 78 L.Ed. 674 (1934)], were
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also looking at the photographer. “In careless, unskilled, or uninterested hands, photography some-
times produces misleading and confusing results” (Scott, 1969, Vol. 2, pp. 339-341). In additional to
being useful for forensic photographers to justify why they need professional training, these cases fur-
ther defined what is now referred to as a fair and accurate photographic representation. Therefore, if a
photograph is determined to be misleading or confusing, it is not a fair and accurate photographic rep-
resentation of the original object. The case of U.S. v. Morton, 107 E2d 834 (C.C.A.2, 1938) in 1938 was
an early case in which the admissibility of the microfilm of a document was admitted in place of the
document (Scott, 1969, Vol. 1, p. 10); the admissibility of a color photograph was upheld in the case
of Green v. City and the County of Denver, 142 P.2d 277, 111 Colo. 390 (1943) (Scott, 1969, Vol. 1, p. 10;
Miller, 1998, p. 3); and the admissibility of an IR photograph of erased writing was upheld in the case
of Kauffman v. Meyberg, 140 P.2d 210, 59 Cal. App. 2d 730 (1943) (Scott, 1969, Vol. 1, p. 10).

Imaging technology as well was not standing still. In the 1930s, dye-destruction color film technology
was developed and this technology was later used in Ilfochrome (Davis, 1995, p. 19). The Super-Six-20
camera introduced by Kodak in 1938 featured an automatic exposure capability (Miller, 1998, p. 3).
According to the photography network website, the first stroboscopic flash system was developed in
1939. Kodak introduced Kodacolor color negative film in 1941 (Davis, 1995, p. 19; Miller, 1998, p. 3),
Ektachrome color slide film in 1942, and Ektacolor color negative film in 1947 (Davis, 1995, p. 19).
A competitor of Kodak, Edwin Land, invented the Polaroid Land Camera in 1947 (Scott, 1969, Vol. 1,
p. 11). This was followed in 1948 by the invention of Polaroid black-and-white print film (Scott, 1969,
Vol. 2, p. 227).

One of the early crime laboratories to establish separate units for the forensic examination of imag-
ing evidence was the FBI Laboratory when its photographic operations unit was split in 1942 into a
processing unit and a special photographic unit that has evolved into the current forensic audio, video,
and image analysis unit. At the state level, each crime laboratory has evolved in its own unique way. In
some states, the crime laboratory is part of the state police; at least one state has the crime laboratory
director as a cabinet-level position in the governor’s office, while several states, like Wisconsin, have
their crime laboratories under the state department of justice. The Wisconsin state crime laboratory was
created first in Madison by state statute in 1947, with photography being listed as a separate forensic
discipline. This highlights two points that are important for forensic photographers. First, photogra-
phy being listed in the state statute as one of the forensic disciplines helped in getting forensic photo-
graphers classified as forensic scientists and on the same pay scale as other forensic scientists. Second,
forensic photographers have to be aware of how human resources departments generally use both a
job description and a market survey to determine a salary range for a given job classification.

Jails were also impacted by developments in imaging technology. In the 1940s, color photography
was the first major change in mug shot photographs. However, this change did not solve a problem in
some jails of prisoners swapping identities between the time they were booked and the time they were
assigned a jail cell. In the early 1980s, before digital booking photographs, one sheriff's department
south of Atlanta, Georgia, solved this problem by the use of Polaroid print film so that the booking
photograph was available instantly to prevent long-term prisoners from swapping identities with pris-
oners who were only going to be held overnight. This problem has been almost completely eliminated
by the use of digital photographs that are imported immediately into electronic booking records that
are then available at any computer terminal in the jail.
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The application of the Best Evidence Rule to imaging evidence still sparks emotional debates similar to
the arguments between Nikon and Canon owners over who has the best camera, or PC and Apple com-
puter users over who has the best computer. What may have started this debate in the United States is
the 1884 case of Barrow-Giles Lithographic Co. v. Sarony, 4 S.Ct. 279, 111 U.S. 53, 28 L.Ed. 349 (1884), in
which the court ruled that photographs are documents under Article 1, Section 8 of the United States
Constitution (Scott, 1969, Vol. 2, p. 304). However, the Tennessee State Supreme Court held in Brown
v. State, 210 SW.2d 670, 186 Tenn. 378 (1948) that the Best Evidence Rule does not ordinarily apply to
photographic evidence (Scott, 1969, Vol. 2, p. 306).

By this time, a general foundation for the admissibility of photographs had evolved for an instance in
which there was a witness with first-hand knowledge of what was depicted in the photograph. This gen-
eral foundation is very simple and has been applied to digital photographs and video recordings. The
photographs must be relevant and material to the case. Unless there is a stipulation by the opposing
party, a witness with first-hand knowledge of what is depicted in the photograph must testify that the
photograph is a fair and accurate photographic representation of what the witness saw. The probative
value must not be outweighed by the prejudicial effect (gruesomeness or inflammatory effect) (Miller,
1998, p. 6). In 1951, an additional requirement was added: A photograph, like other documents, must
be submitted to the opposing party before being admitted as evidence [Spence v. Rasmussen, 226 P2d
819, 190 Or. 662 (1951)] (Scott, 1969, Vol 2, p. 304). An interesting development is that among those
professionals who do not know photographic history, there has evolved a mistaken belief that it is dif-
ficult or impossible to alter a film-based photograph and easy to alter a digital photograph. This has
resulted in some agencies adding a chain of custody requirement when switching to digital cameras
regardless of court decisions and many vendors marketing products that they claim will ensure the
admissibility of the photographs taken by or at the direction of a law enforcement agency. Do not con-
fuse this with the Silent Witness Rule. This does require a chain of custody for photographs that have
been seized as physical evidence.

The 1950s and 1960s also saw several important developments in imaging technology. The videotape
recorder was introduced in 1957 (Settel and Laas, 1969, p. 105). Prior to this invention, video was
recorded on motion picture film and played back through a telecine machine to convert the motion
picture film image and sound into an electronic video image with sound. Variations of the old tele-
cine machine are still in use today to copy old motion picture films to videotape. In 1963, Polaroid
Polacolor instant print film was announced (Miller, 1998, p. 4). By 1965, Super 8mm movie equip-
ment was introduced and became a hit with consumers until it was replaced with video camcorders
(Scott, 1969, Vol. 1, p. 11). In this same year, fully automatic electronic flash units became available for
still photography (Miller, 1998, p. 4; Scott, 1969, Vol. 2, p. 11).

This new technology and the development of forensic imaging as a valid science were increasingly
being accepted by the courts in the 1960s and 1970s. Videotapes began to be used as evidence in
1967 (Miller, 1998, p. 4). In 1970, the Ninth Circuit Court of Appeals affirmed the admissibility
of facial identification testimony by a forensic photographer who demonstrated similarities of the
nose, mouth, chin line, hair lines, ear contours, and the inner folds of the ears, U.S. v. Cairns, 434
F2d 643 (9" Cir. 1970). Based on this information, it appears that the expert witness properly based
the facial identification on both class and individual characteristics, which distinguishes it from the
court’s ruling in 1974. In 1974, the Ninth Circuit Court ruled it was harmless error to admit the



n CHAPTER 1 History of Forensic Imaging

expert facial identification testimony based only on class characteristics that could have been evalu-
ated by the jury, while at the same time affirming the admissibility of expert testimony on cloth-
ing and weapons comparisons, U.S. v. Brown, Docket Number 73-2279 (9th Cir.,, 1974). In 1975,
the Second Circuit Court affirmed the admissibility of expert testimony by a forensic photographer
related to facial comparison and that the defendant and the person depicted in a bank film were
about the same height, U.S. v. Brown, 511 F2d 920 (2nd Cir., 1975). These cases appear to be con-
sistent with the current comparative analysis standards of what has evolved into photograph ACE-V
comparative analysis.

Another discipline using photographs for comparative analysis is forensic odontology. In 1978, a
California Court of Appeals affirmed the admissibility of bite mark photographs used for comparison
purposes by a forensic odontologist, People v. Slone, 76 Cal.App. 3d 611 (1978) (Scott, 1969, Vol. 1,
pocket part p. 109).

The beginning foundation that evolved into ACE-V in the latent print community may have begun

in 1973 with the completion of the 3-year study conducted by the International Association for

Identification standardization committee, which concluded that “no valid basis exists at this time for

requiring that a predetermined minimum of friction ridge characteristics must be present” (Ashbaugh,

1999, pp. 1-2). ACE-V is an acronym for a scientific protocol for comparative analysis consisting of the

following four overlapping steps: Analysis, Comparison, Evaluation, and Verification. This is significant
for forensic photographers because this ACE-V methodology is also used by forensic photographers
when conducting photographic comparisons.

In 1973, the American Society of Crime Laboratory Directors was formed (ASCLD website: http://

www.ASCLD.ORG). ASCLD-LAB later evolved from ASCLD as a separate organization with the primary
mission to accredit crime laboratories. Also, according to an unpublished IAI forensic photography
subcommittee survey I conducted in the mid-1980s, there were already two state and two federal

crime laboratories with photo/video examiner units that examined photographic and video evidence.

Further, 35 additional state crime laboratories examined photographic and video evidence using foren-

sic scientists in other disciplines, usually latent print examiners, questioned document examiners, or
toolmark and firearm examiners. Further, in 2002 the digital and multimedia discipline was added;

it included the subdisciplines of image analysis and video analysis for laboratory accreditation. As a
result of this, in 2003 SWG-IT, SWG-DE, and ASCLD-LAB worked in cooperation to define this new
discipline and its four subspecialties. In 2003, SWG-IT also began work on recommendations for sim-

plified standard note-taking procedures for digital imaging and forensic video analysis. The practical

impact is that as digital imaging replaces conventional photography, more detailed notes are required,

and photographers must learn new digital skills in addition to all the previously needed conventional

photographic skills. The Law Enforcement and Emergency Services Video Association (LEVA) was

founded in 1989. In 1999, LEVA began forensic video analysis training and, in 2001, added a foren-

sic video category to its annual technical awards (LEVA website: http://www.LEVA.org). In 2002, the

International Association for Identification formally recognized in IAI Resolution 2002-12 that “foren-

sic video analysis has been recognized within the International Association for Identification as a valid

sub-specialty of forensic imaging” for over 20 years and was included within the forensic photography
and electronic imaging subcommittee.
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Technology and software continued to evolve in the 1970s and
1980s. In the mid-1970s, Matsushita developed the VHS vid-
eotape format (Miller, 1998, p. 4) that became a mainstay for
many years in crime scene videography; it was used as the in-
car camera system in police patrol cars, amateur camcorders,
time-lapse CCTV, VCRs, commercial videotapes (movies) for
sale and rental, and, to a limited extent, it was also used by
some commercial TV stations. In 1977, Dalrymple, Duff, and
Menzel published the results of their research into and practi-
cal application of laser dye-staining of superglue-fumed latent
prints that are then photographed under a laser or alternate
light source (primary output at approximately 514nm-blue-
green) with an appropriate barrier filter (usually orange) (Scott,
1969, Vol. 1, pocket part pp. 59-61); see Figures 1.8 to 1.10.
The 35mm point-and-shoot camera became available in the
1980s (Miller, 1998, p. 4). In addition to the obvious amateur
market, it was also used by law enforcement first responders,
enabling them to take quick snapshots of a scene with mini-
mal impact on their main duties at a traffic accident or crime
scene. In this same time period, reasonably-priced personal
computers became available that were powerful enough for
digital imaging (Miller, 1998, p. 4). This point is important
because this is the beginning of price reductions of PC-based

FIGURE 1.8

This is an early 5-watt argon-ion laser. In the
beginning, there were no metal-clad optical cables,
so the laser was either pointed directly at a diffusion
lens and then onto the laser dye-stained latent

print evidence or routed by a series of mirrors. digital image processing and video nonlinear systems, to the
This technique resulted in a serious safety hazard. point that police agencies could start to afford them. There is
Because forensic photographers could not see no documentation for this, but based on equipment demon-
the laser beam with safety goggles on, it was very ~ strations at IAI conferences, this also was the time period dur-
common for them to move their arm or hand into ing which digital photography became a third major change in

the laser light path, resulting in some serious burns.  mug shot photographs.

Asignificant court case was handed down in 1987 related to photographic comparisons. U.S. v. Alexander
was important because the court ruled that the exclusion of expert testimony by an orthodontist based
on a photographic comparison that the defendant was not the person depicted in the bank surveillance

FIGURE 1.9

(left) Digital photograph of
laser dye-stained latent print
photographed with a Nikon
D200 DSLR. (right) The same
photograph after processing
in Photoshop to convert to
grayscale and then using
curves to invert the tones
and adjust the contrast.
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film was reversible error (Scott, 1969,
pocket part p. 154).

In 1989, the field saw the beginning
of a new group at a symposium in
Las Vegas that is more professional
think tank than professional organi-
zation. The resulting technical work-
ing group evolved in 1998 into the
Scientific Working Group on Imaging
Technologies (SWGIT). In 2001 SWGIT
added a video subcommittee. The
SWGIT mission is to facilitate the inte-
gration of imaging technologies and
systems within the criminal justice
system (CJS) by providing definitions
and recommendations for the capture,
storage, processing, analysis, transmis-
sion, and output of images. SWGIT
has approximately 28 voting members
representing law enforcement-related

p—— agencies from federal, state, municipal,
FIGURE 1.10 and foreign governments in addition
A 1980s Japanese latent print peripheral camera that is still sold toaay in Japan. to nonvoting associate members repre-
Photograph courtesy Takehiko Nagasaki, Police Science Industry, Ltd. senting academic institutions and cor-

porations with crime laboratories and
invited guest experts.

By the late 1990s, professional organizations were starting to have an impact outside the forensic science
professions. For example, the 1997 IAI Resolution 97-9 has been cited by several courts as evidence of
professional acceptance of digital imaging in the forensic science community as a scientifically valid tech
nology that is “dependant upon the technical specifications of the equipment, the quality control pro-
cedures, and the training, experience and ability of the photographer or imaging specialist.” [See State of
Washington v. Hayden, 950 P.2d 1024 (Washington Court Of Appeals, 1998) related to general acceptance
within profession, and see State of Florida v. Reyes (Circuit Court of the 17th Judicial Circuit, Broward
County, FL, 2002) related to digital image enhancement not new and novel.| This resolution was drafted
after the Frye case and before the Daubert case to cover what is referred to as Frye Hearing issues. It does not
cover the Daubert issues outlined by Moenssens: proof of testing of the basic underlying hypothesis upon
which the technique rests, peer review and publications, knowledge of potential error rate, the existence
of an accepted methodology, and general acceptance of a technique in the forensic community. Another
example of impact outside the profession is the 1999 formation of the Consortium of Forensic Science
Organizations (CFSO), which was organized to inform the United States Congress about the need for
passing and funding the National Forensic Science Improvement Act (Cloverdale Act) to provide funding
to state and local crime laboratories in addition to the federal funding available for DNA. This included



holding several science fairs in the Senate office building to showcase the disciplines in a crime laboratory
in addition to DNA and what these disciplines do for the law enforcement community.

In addition to developments in digital still photography, the 1990s and the first decade of 2000 saw many
new developments of significance in crime scene processing and technology for courtroom presentations. In
1992, according to CAD Zone, they developed the Fire Zone CAD program, which is representative of some
of the current crime scene sketching programs; in 1995, they developed the Crime Zone CAD Program for
crime scene sketches. What has become significant is that programs like Crime Zone can now be linked to the
output from some laser crime scene mapping systems and automated panoramic camera systems like the pan-
and-scan system (developed in 1999) to create a crime scene sketch. At least one vendor has an automated
panoramic crime scene camera that will create a QVTR QuickTime file that is linked to an automatically cre-
ated crime scene sketch and will show the field of view of the QVTR QuickTime image in the sketch. At least
two of these systems also have incorporated a photogrammetry capability. Unfortunately, the digital roll-out
photography systems are still not used because of their high cost and limited use to photograph latent prints
on curved surfaces. This was also the fate in the United States of a little known film-based roll-out photogra-
phy camera made in Japan by the Police Science Industry, Ltd. In the 1980s it sold for about $15,000.00 and
is still sold in Japan (Figure 1.10).

Additional significant court cases continued to be handed down in the 1990s and 2000s. In general, these
cases reaffirmed the general foundations for videotapes and photographs used to demonstrate the testi-
mony of a witness who has first-hand knowledge of what is depicted in the photograph or video, as listed
by Miller and also stated in two unpublished memos from the Wisconsin State Attorney General’s Office
dated November 22, 2005. The general foundation for videotapes/digital video and film/digital photographs
is that they must be relevant, must be material, must be a fair and accurate representation, and the proba-
tive value must not be outweighed by their prejudicial effect (gruesomeness or inflammatory effect) (Miller,
1998, p. 6) Although some agencies like to keep a chain of custody after converting to digital photography,
there is no legal requirement to do so at this time for these photographs and videos (unpublished memo
from the Office of the Wisconsin State Attorney General’s Office dated November 22, 2005). For all other
photographs and video recordings that are seized as physical evidence, there is a chain of custody require-
ment as described in detail related to video evidence and digitally enhanced digital photographs reproduced
from the video evidence in the 1999 Florida case of Dolan v. State, 743 So. 2nd 544 (FL 4th DCA, 1999).

Two other issues came up in 2007. The IAI passed Resolution 2007-8, rejecting the use of optical water-
marks to authenticate and/or verify the integrity of a digital photograph or video image (this resolution also
defined the terms authentication and verification). Additionally, the IAI passed Resolution 2007-7, recog-
nizing the validity of photographic comparisons and some of the limitations in this type of examination.

SUMMARY

The history of crime scene photography as a profession is still evolving and needs to be documented so that
future generations will continue to have access to it. This history is important as a guide to how new tech-
nologies and software are likely to impact our profession. Also, as Ron Smith once told me and I stated ear-
lier, “If you do not know the history of your profession, you are doomed to repeat its mistakes.” For example,
many people who were pushing for all types of security to include chain of custody or automated electronic
tracking of some kind due to a fear of the ease of altering a digital photograph were not aware of the ease of
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altering film-based ghost photographs in the 1860s to commit fraud. In terms of photographic techniques,
the development of the Fuji UV/IR DSLR led many law enforcement photographers new to this profession to
mistakenly believe that UV and IR photography are new and novel photographic tools because they did not
know that UV and IR photography had been done for years with film. A further handicap for new photogra-
phers is that many of the previously used UV and IR photography reference books have been out of print for
along time. Also, forensic video analysis was described as a new disciple; however, many of the principles of
forensic video analysis evolved from the analysis of bank film, which CCTV video replaced. The main point
is that knowing the history of this profession is not just an academic exercise, but has practical applications
in your daily work in forensic imaging, both at the user level and for management. Although the emphasis
in this chapter was on the history of the profession, it is also important for you to keep up to date with the
latest developments in your profession, including annual conferences and trade shows such as the Photo
Marketing Association (PMA) Conference and Trade Show, National Association of Broadcasters (NAB);
major photographic trade shows in New York City; and annual conferences and trade shows held by profes-
sional organizations such as the International Association for Identification (IAI), the American Academy of
Forensic Sciences (AAFS), and the Law Enforcement and Emergency Services Video Association (LEVA).
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Composition and Cardinal Rules
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Learning Objectives

On completion of this chapter, you will be able to . ..

1. Explain how a professional photographer can use a simple point-and-shoot camera more effectively than a
novice photographer can use a sophisticated camera system.

. Explain the three cardinal rules of good photography.

. Explain how the same subject can be composed differently in various images.

. Explain why “fill the frame” has two aspects, both a positive and a negative connotation.

. Explain why good composition partly depends on the point of view of the photographer and what this point
of view is.

o WDN

As a quick search into the meaning of the word “photography” will reveal, it is derived from two Greek
words, “phos” (light) and “graphia” (writing or drawing). Together, they mean either “writing with
light” or “drawing with light.” Photography involves the creation of an image using light.

© 2010 Elsevier, Inc. All rights reserved. 19
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USE-ONCE (OR, USE ONE TIME) CAMERA VERSUS
A PROFESSIONAL CAMERA SYSTEM

A substantial amount of sophisticated equipment can be used to create some photographic images;
however, it is just as possible to create many fine images with very limited equipment. Many
years ago, a professional photographer issued a challenge to a nonprofessional photographer.
The professional photographer stated he could take better photographs with an inexpensive,
small use-once point-and-shoot camera than the nonprofessional could take with all the camera
equipment the professional carried in his three large camera bags. The response was a very con-
fused look on the face of the nonprofessional. How could access to all the most up-to-date and
expensive camera equipment, which surely included all the latest bells and whistles professional
photographers are fond of, not ensure a superior photograph? The professional photographer
suggested the nonprofessional think about the challenge for a while, and then an explanation
would be provided.

Even though this professional photographer was not a crime scene photographer, you should
consider the challenge as well. This effort provides an excellent introduction to the concepts
used to create quality photographs in general, and high-quality crime scene photographs in
particular.

What aspect of the small inexpensive use-once point-and-shoot camera can the professional
photographer use so effectively that the results will be noticeably better than what a nonprofessional
photographer can produce with the best equipment available?

Examine an example of such a camera the professional said he could use so well. Figure 2.1 shows four
sides of a camera that will contain the answer.

Side “a”:
Fun Saver 35 (indicating 35mm film).
A lens designated as 35mm (indicating the lens’ focal length).

f-11 (indicating the fixed aperture).
The front of the viewfinder.

Side “b”:
Use “in bright or partial sunlight.”
“Get close...” but “4 ft. min.”
“Center the subject....”

The rear of the viewfinder.
The film advance wheel.

Side “c”:

27 Exposures.

Gold 400 film (indicating color rather than black-and-white film).
Shutter button.

Pictures remaining window.
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FIGURE 2.1
(@) Front of camera. (b) Back of camera. (c) Top of
camera. (d) Bottom of camera.
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Side “d™:

ISO 400/27° (indicating the film's sensitivity to light).
27 Exp. 24 x 36mm (24mm x 36mm is the negative size with 35mm film).
Miscellaneous small print.

The answer to the puzzle will be a camera variable some can use well and others will use much less efficiently.
If it is an aspect of the camera that cannot be used “differently,” it is not the solution to the puzzle.

Examine all the camera parts and information just listed, and the answer becomes more or less clear.
It is the viewfinder!

COMPOSITION AND CARDINAL RULES

What is it about the viewfinder that the professional photographer will use so well? Years ago, the pro-
fessional photographer provided the following answer. He said that professional photographers are
much more aware of their compositions, and they take great pains to ensure that both the primary
subject and the surrounding setting are contributing to the success of images. He further explained that
the snapshot shooter usually is just concerned that the primary subject is in the field of view and then
happily (and naively) presses the shutter button.

Explaining further, the professional indicated decisions are to be made regarding both the primary
subject and the setting or the area around the primary subject. The first decision is determining just
what the primary subject should be. The professional knows that an image best tells its story when it is
limited to just one idea with one primary subject. If more than a single subject is included in an image,
the viewer may become confused about the intent of the photographer.

Keep in mind that a “primary subject” does not necessarily mean a single object. The primary subject
may, of course, be a single object, such as a gun found at a crime. A close-up photograph of the gun
will include just the gun in the field of view. However, the primary subject may also be a small area
including just two aspects of the crime scene. For example, a midrange photograph is one composed
to show just one item of evidence in relation to a fixed feature of the scene. In this case, the “primary
subject” is the item of evidence, the fixed feature of the scene, and the distance between them. Other
aspects of the scene, then, become extraneous to the purpose of a midrange photograph and are best
eliminated from the field of view. The primary subject may even be a larger area, with many items
within its perimeter. For example, one of the purposes of an overall photograph is to show the crime
scene in relation to the immediate area around it, which helps to acclimate the viewer to the general
surroundings around a crime scene. The crime did not occur in a void. In this case, the photographer
should select one aspect or some aspects of the surroundings that will help the viewer of the overall
photograph grasp this relationship. This aspect can be an easily recognized building, for example, or
a nearby intersection. If a crime occurred in an alley of a particular business, showing the alley and
a recognizable side of the business in one photograph will suffice. If a fatal accident occurred near a
particular intersection, photographs from the intersection toward the vehicles in their final position or
from the vehicles toward the intersection may be all that is needed. What is important to understand
and remember is that once the “primary subject” has been defined in the mind of the photographer,
the photographer should then become very aware of everything that is not his or her “primary subject.”
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To produce the most successful image, the photographer should somehow maximize the view of the
primary subject while at the same time minimize or exclude entirely all areas and items that are not
part of the primary subject as formed in the mind of the photographer.

The primary subject can also be viewed from different distances and from different positions. These
differences will make a huge impact on the final image. The photographer should have a particular
effect in mind and then compose the primary subject in the viewfinder so the desired effect is maxi-
mized. The professional may circle around the primary subject, be it an individual item of evidence or
the entire crime scene, until the primary subject is best viewed and composed. This composition will
usually satisfy two goals at the same time: (1) It will be the composition that shows the primary sub-
ject most effectively, and (2) it will be the viewpoint that excludes as many irrelevant items and areas
surrounding the primary subject as possible.

Composition is just one part of creating a great photograph. It may be stated that deliberate, pur-
poseful composition is required for any successful crime scene photograph. Some stunning candid
images may exist in the history of photography, but crime scene photography should not depend
on such serendipity. The word “composition” suggests intentional choosing, not happenstance.

Some believe composition is the most important and hardest part of crime scene photography because
the other aspects of photography can usually be mastered by most with little difficulty. Although many
may believe this, a large amount of this text addresses those other aspects of good crime scene photo-
graphy. Subtle variations of each aspect of photography need to be learned. What are the other concerns
related to photography? Usually, before pressing the shutter button, the photographer must at least
take the following three separate steps:

Compose the scene or primary subject.
Determine the proper exposure.
Focus the camera.

Good composition is a skill that can be learned, but it is more art than mechanical expertise. Learning
to juggle film speeds, shutter speeds, and f/stops to arrive at a proper exposure seems more like a math-
ematical problem to many, which suggests there is always one, and just one, proper exposure for any
particular subject. Even this text will declare the most effective exposure is sometimes an “incorrect”
exposure. For example, if you are trying to document a witness’s ability to recognize a suspect from a
particular vantage point at 10 rm, you will need to take a photograph that duplicates the lighting condi-
tions at 10 pm, which might be thought of otherwise as an underexposed image.

Finally, how can focusing be a difficult subject? Just look through the viewfinder and rotate the focus
ring until your subject becomes clear! This text will teach other focusing techniques. At times, the use
of these new focusing techniques will be the only way to achieve an acceptable image.

These ideas suggest that good photography involves both mechanical skills and an artistic component.
Photographic lenses, as variations of imaging optics, like telescopes and microscopes, can be considered
a scientific tool. Viewed as dealing with an artist’s creation, photography can be considered an art. Just
as it is relatively easy to play chess with a nephew or niece, chess can be played on many different levels.
Most of us easily learn how the different chess pieces can be moved. Becoming very good at chess, how-
ever, requires more than simply understanding how individual chess pieces move. Many can learn how
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to balance shutter speeds and f/stops to determine a proper exposure. Developing a photographer’s eye
and becoming very good at photography are not as easy. Two views of the same crime scene may call for
the same exposure, but just one of the views may obviously be the better composition.

This chapter introduces material that will be found throughout the text. This material is provided in this
chapter, early in the text, because of its importance. Unfortunately, there has not been an appropriate
emphasis on these concepts in other texts related to crime scene photography. Perhaps, instead of “Cardinal
Rules,” they might best be thought of as “tips for optimizing the quality of crime scene photographs.” The
Cardinal Rules can also be considered key crime scene photography concepts. Here they are:

Fill the frame.
Maximize depth of field.
Keep the film plane parallel.

All the Cardinal Rules will not necessarily apply to other types of photography. Taking photographs of
loved ones or pets will not require strict adherence to all these recommendations. Having an under-
standing of their meaning, however, will often make your other photography much better.

Adherence to these suggestions will often be the criterion that separates the average crime scene photogra-
pher from the truly excellent crime scene photographer. You may ask how you might improve the current
quality of your crime scene photography. The answer will frequently be, “Follow these Cardinal Rules.”

Cardinal Rule #1: Fill the Frame

If something is important enough to photograph, fill the frame with it. Follow this practice whether it
is a single item of evidence or an entire crime scene. Too many times the primary subject can get lost
in its background. If background elements are not considered a part of the “primary subject,” try to
minimize or eliminate them.

Get Closer to the Primary Subject
Ask yourself, “Can the primary subject, or the scene of interest, be made bigger by getting closer to it?”

Put as many silver halide crystals (using a film camera) as possible over the primary subject.
Put as many pixels (using a digital camera) as possible over the primary subject.

Zoom in, or get closer, to eliminate unwanted or unneeded areas/objects around the primary
subject.

Figures 2.2 and 2.3 are intended to be close-up images of a pistol. Notice in Figure 2.2 that there is a lot
of grass included in the image, when the purpose of the photo was just to photograph the gun. Figure 2.3
succeeds in two important ways: The gun is larger, so it is easier to see; in addition, there is less irrelevant
grass in the image. Why waste image area on irrelevant subject matter? Doing so only detracts from the
main purpose of the image. It is also a signal to the viewer of the photograph that the photographer is
probably naive about the importance of using the work space of the photograph to its best advantage.

Other times it will be important to show a gun in relation to the victim or a fixed feature of the crime
scene. This is called a midrange photograph. In that case, what is the primary subject matter of this new
photograph? It is the gun and the fixed feature of the scene (or the victim’s hand, for example) and the
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distance between the two. The ques-
tion then becomes, how can you make
the composition, including both the
gun and the fixed feature of the scene,
as large as possible, while at the same
time eliminating as much irrelevant
surrounding clutter as possible from
the composition? The midrange photo-
graph has one job to do. Let it do just
that job. Overall photographs show a
larger area around the gun and a fixed
feature of the scene. They are also nec-
essary photographs in the full docu-
- 3 i < e i %= 4 mentation of the crime scene and the
FIGURE 2.2 evidence within the scene; however, dif-
Pistol not filling the frame. (GWU MFS Student D. Schweizer) ferent photographs serve different pur-
poses. The midrange photograph has
a clear purpose of its own. Once you
have that one purpose formed in your
mind, compose the shot accordingly.

The purpose of each of the images in
Figures 2.4 and 2.5 was to show the gun
in relation to a fixed feature of the scene,
the corner of the wall. Which image does
that job better? Which composition has
the primary subject matter (both the
gun and a wall corner) larger and eas-
ier to see? Which composition excludes
nonessential detail? Which photograph
indicates the photographer had a clear
Rl purpose and knew how to eliminate

FIGURE 2.3 irrelevant subject matter? Clearly, Figure
Pistol filling the frame. (GWU MFS Student D. Schweizer) 2.4 succeeds in all those areas.

4. 1f the subject is longer than it is wide, and most items are, compose it with the appropriate
horizontal or vertical camera viewpoint. If it is long left-to-right, use a horizontal viewpoint; if
it is long from near-to-far, use a vertical viewpoint.

Figures 2.6 and 2.7 are both close-up photos of a knife. Is one preferable? This author hopes you
will agree that Figure 2.7 is the better image on two counts. First, the knife is larger in Figure 2.7,
and second, there is less carpet showing in Figure 2.7.

5. Avoid, however, having the primary subject so close to the edges of the photograph that parts
are cut off in the print.
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FIGURE 2.4
Proper midrange.

FIGURE 2.5
Too much includead!

Eliminate the Irrelevant

Ask yourself, “Is there any part of the composition that can be eliminated to make the overall photo
better?”

The Background

1. You will be a better photographer if you hold yourself responsible for what appears in the
background. The viewer of your photographs should be able to presume that if anything
appears in the background, it is there because you wanted it there.

2. If you do not like what you see in the background, choose another viewpoint that has a
“cleaner” background.

3. At times, you may also consider providing your own backdrop that prevents a view of a
distracting background. This topic will be revisited in Chapter 6.
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FIGURE 2.6
Camera should be vertical. (GWU MFS Student D.
Schweizer)

FIGURE 2.7
Proper composition. (GWU MFS Student D.
Schweizer)

4. Another way of eliminating distracting backgrounds is to tilt the camera down more. In
doing so, you may compose the distracting background out of the photo. Take, for example,
the two images that follow, Figures 2.8 and 2.9. They are supposed to be examples of a
midrange photograph. It can be presumed that overall photographs, showing the crime
scene in relation to the surrounding area, have already been taken. Therefore, it is not
necessary for the midrange photograph to do this job. Midrange photographs have their
own specific job to do.

The intent of both Figures 2.8 and 2.9 is to show the scissors in relation to the gate support. Figure 2.9
contains the same details as Figure 2.8; however, Figure 2.9 excludes distracting and irrelevant back-
ground elements. Figure 2.9 also has both the scissors and gate support appear larger in the field of
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FIGURE 2.8
Too much in the background.

FIGURE 2.9
Proper composition.

view. Why have them appear smaller than necessary? Including extraneous and irrelevant background
details frequently requires the primary subject matter become smaller than necessary.

How do these images comply with Cardinal Rule #3 (discussed later in this chapter), keep the film
plane parallel? In this case, an imaginary line connecting the scissors and the gate base is composed to
be parallel with the film plane.

5. Or get closer to crop out distracting or unwanted elements.
6. Or zoom in to crop out distracting elements.

The Foreground
1. You will be a better photographer if you hold yourself responsible for what appears in the
foreground. The viewer of your photographs should be able to presume that if anything
appears in the foreground, it is there because you wanted it there.
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2. If you do not like what you see in the foreground, choose another viewpoint that has a
“cleaner” foreground.

3. Another way to avoid distracting foregrounds is to raise the camera up more. This may
compose the distracting foreground out of the photo.

Figures 2.10 and 2.11 were taken to show the scissors in their relation to the square sign support. It is
another midrange photography situation. Figure 2.10, however, includes a second sign base and an area
of dirt in the same image. Should we spend time visually searching the dirt for additional evidence? Is
the second sign relevant? Figure 2.11 precludes those questions. When the camera is raised and pivoted
to the left a bit, extraneous elements are excluded from the field of view. Figure 2.10 is an example of
an average image showing the relationship of the scissors to a fixed feature of the scene. Figure 2.11 is
obviously composed by a photographer who is aware that a professional carefully chooses not only
what to include in the field of view, but also what to exclude from it. Obviously, if the area of dirt and

FIGURE 2.10
Too much in view.

FIGURE 2.11
Proper composition.
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the second signpost are important at all, they will be included in some of the overall photographs.
Midrange photographs, however, have their own specific job to do. To the extent possible, let each
image do its own job.

Or get closer to crop out distracting or unwanted elements.
Or zoom in to crop out distracting elements.

Areas to the Left and Right

You will be a better photographer if you hold yourself responsible for what appears to the

left and to the right of your primary subject. The viewer of your photographs should be able
to presume that if anything appears on the left or right side of the primary subject, it is there
because you wanted it there.

Use the same considerations as with the background and foreground.

If you want it included in the photo, include it; if not, exclude it somehow.

Remember, if the subject is long, compose it vertically or horizontally to fill the frame with the
subject, not the surrounding area.

“Fill the frame with the primary subject” is just the positive aspect of a two-sided coin. The other side
of the coin contains a negative aspect, which is “eliminate as much as possible what is not the primary
subject.” Include what you want; exclude what is unimportant. Doing so will quickly separate your images
from most crime scene photographs. Back to the preceding midrange photography examples: If just one
item of evidence and one fixed feature of the scene are the “subject matter” for a particular photograph,
include in your composition just those two items and eliminate as much as possible around them.

This author has worked many crime scenes where there is so much clutter around both the items of evi-

dence and the victims that adhering to the preceding suggestions was frequently impossible. Sometimes

it will be impossible to completely follow these Cardinal Rules. That does not diminish their importance.

Part of the purpose of this text is to help you begin developing a professional photographer’s eye. Most
crime scene photography will benefit from knowledge of these Cardinal Rules and their implementation.

Incorporating these Cardinal Rules into your photographic method will soon be a factor in your crime

scene images being recognized as distinctly superior to the average crime scene photographer’s work.

Shadow Control

Shadows from sunlight:
As you compose photos outside, avoid having your own shadow, or the shadows of
coworkers, in the field of view.
If it appears impossible to avoid having your own shadow appearing in the field of view,
reposition your body so that your shadow completely covers the area to be photographed.
Try to have the scene be completely shadow free or completely covered with shadow.

Sometime the difference is subtle, as Figures 2.12 and 2.13 demonstrate. At times, the difference is
more pronounced, as Figures 2.14 and 2.15 show. The shadowless Figures 2.13 and 2.15 are preferable
to the shadows apparent in Figures 2.12 and 2.14. One of the shadows in Figures 2.12 and 2.14 is from
the casingitself, and one is from the photographer. Knowing both pairs of images are possible, however,
and the effort to create Figures 2.13 and 2.15 are minimal, why not opt for Figures 2.13 and 2.15?
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FIGURE 2.12 FIGURE 2.13
Sunlight and shadow. Sun blocked: entirely in shadow.

FIGURE 2.14 FIGURE 2.15
Sunlight and shadow. Sun blocked: entirely in shadow.

2. Shadows from electronic flash:

a. The use of an electronic flash may create a shadow in your photograph, and you should
hold yourself responsible for this shadow, even if you cannot see it when the photograph is
taken. You must begin to “pre-visualize” your own flash shadows. Distracting flash shadows
can ruin otherwise excellent photographs.

b. Consider altering the position of the flash to minimize or control the shadows within the scene.

In Figure 2.16, the photographer held the flash too far to the left and the flash caught the railing, creat-
ing an unnecessary railing shadow in the scene. Figure 2.17 avoids this shadow because the photogra-
pher intentionally held the flash directly overhead.

c. If the flash is removed from the camera’s hot-shoe and connected to the camera by either a
PC cord or a remote flash cord, you may position the flash in a variety of locations. Choose
the position that minimizes the resultant flash shadow.

With the flash on a PC or remote flash cord, all the preceding shadows are possible, as well as a variety
of shadows created with the flash held diagonally to the .410 shot shell casing in Figures 2.18 through
2.21. Because all are possible, is one preferable? Because the shadows themselves are irrelevant to the
intent of the photographer attempting to capture a close-up image of the casing, a small shadow is better
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FIGURE 2.16 FIGURE 2.17
Flash shadow in view. Proper flash: shadow not in view.

than a large shadow. Of the two small shadows in Figures 2.18 and 2.21, is one “better” than the other?
It may be argued that Figure 2.18 is “better” (or, less annoying) because sometimes shadows suggest
movement or directionality (the image of a speeding car with tail light streaks coming from the rear of
the car comes to mind), and a shadow at the base of the casing appears more “normal” than one at the
front of the casing.

d. Ifa “hard” shadow is created by the use of oblique flash, use a bounce card/reflector to add light
to the shadow area, thereby making the shadow a “soft” shadow in which details can be seen.

e T d

FIGURE 2.18 FIGURE 2.19
Hard shadow on right side. Hard shadow below.
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FIGURE 2.20 FIGURE 2.21
Hard shadow on top. Hard shadow on left side.

FIGURE 2.22 FIGURE 2.23
Soft shadow on right side. Reflector causing a Soft shadow.

Figure 2.22 was created by use of a piece of white paper just out of the field of view on the right. Some
light from the flash bounced off this bounce card/reflector and added light to the dark “hard” shadow
area. In both Figures 2.22 and 2.23, carpet can be seen in the “soft” shadow areas. This may not seem
important in these images of a casing, unless a defense attorney were to question what “evidence” was
hidden in the shadow area. Then, being able to see into the shadow area would be a distinct benefit.
This ability to create “soft” shadows has very important applications in other situations. At times, the
shadow created by an oblique flash falls over other areas of evidence, not just adjacent carpet areas. The
most obvious examples are shoe prints or tire tracks in dirt. In both cases, much of the shadow falls
within the shoe print or tire track. Obviously, it is critical to be able to see as much of the evidence as
possible, and “hiding” any of the evidence within a “hard” shadow is counterproductive. This subject
will be revisited in Chapter 5, dealing with oblique electronic flash and oblique flashlight.

Lens Flare
If possible, avoid photographing with the sun in front of you:

1. Lens flare may ruin an otherwise excellent photograph.
2. Objects that are important tend to be backlit and underexposed.

In both Figures 2.24 and 2.25, sunlight was able to enter the lens directly, where it created images of lens
optical elements and the aperture opening on the film/sensor. This is certainly distracting and detracts
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FIGURE 2.24
Lens flare.

FIGURE 2.25
Lens flare.

from the intent of the photographer. Sometime these flare elements are visible to the photographer while
he or she looks through the viewfinder, and sometimes they are not. If you cannot avoid a composition
that has the sun in front of you when you press the shutter button, consider using a lens hood. Figure
2.26 shows a camera and lens, whereas Figure 2.27 shows a camera and lens with a hood. The lens hood
in Figure 2.27 extends from the front of the lens, with any luck intersecting the direct light path of the sun
into the lens. Light reflected from the scene into the lens is not affected by the lens hood.

Figure 2.28 is a four-picture collage, with the top photographs showing a building with and without lens
flare. With the top left image (Figure 2.28a), a lens hood was not used to eliminate the lens flare. The
top right image (Figure 2.28b) did have the direct sunlight blocked from coming directly into the lens.
The bottom two photographs show the
lens hood in use, in Figure 2.28¢, and
the “poor man's lens hood,” in Figure
2.28d. You can achieve an effect sim-
ilar to using a lens hood by blocking
the sun from coming into the lens with
your hand. Alternately, a coworker can
hold up his or her hand or a clipboard
to block the sun’s rays from coming
directly into the camera lens.

To recap the first Cardinal Rule: You
will be a better crime scene photogra-
pher if you (1) fill the frame with your

e S - primary subject, and (2) exclude areas
FIGURE 2.26 and objects that are not relevant to the

Camera and lens. (GWU MFS Student D. Schweizer) success of your image.
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Cardinal Rule #2: Maximize
Depth of Field

Depth of field is the variable range,
from foreground to background, of
what appears to be in focus. The depth
of field can be very small, where only
one plane or distance from the camera
appears to bein focus. It can encompass
a small area of the scene, with the fore-
ground and background being notice-
ably out of focus. Or, the depth of field
may encompass the entire crime scene
seen through the viewfinder.

FGURE 2.27 _ - Figures 2.29 through 2.31 show three
Camera and lens with hood. (GWU MFS Student D. Schweizer) views of staggered evidence numbers.

Figure 2.29 shows a small depth of field
and the focus set on the front number. Figure 2.30 shifts a small depth of field, and the focus in now on
the rear number. Figure 2.31 shows a depth of field large enough to encompass all the numbers. Were
these multiple items of evidence within a crime scene, it would be important to have them all be in

FIGURE 2.28
(@) Lens flare. (b) No lens flare.

(Continued)
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FIGURE 2.28—CONT'D
(c) Camera used with a lens hood to avoid lens flare. (d) Using your hand to shade the lens to avoid lens
flare. (GWU MFS Student Sarah Reeve)
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focus at the same time. For most crime
scene photography, maximizing the
depth of field is a critical skill. Having
the largest depth of field possible does
not usually happen by accident. The
photographer must know the camera
variables that affect depth of field and
then purposefully select the setting of
each variable that maximizes the depth
of field.

Focusing to maximize the depth of
field is one distinguishing feature of
crime scene photographers that sepa-
rates them from other photographers.
Portrait photographers, for example,
frequently want the background of
their images to be out of focus to force
the viewer of their images to concen-
trate on their models. Crime scene
photographers, however, should usu-
ally strive to ensure everything in their
images is in focus.

FIGURE 2.29
Wide aperture: focused in front.

Why? For several reasons. First, if a
substantial amount of the image is
out of focus, it may not be a “fair and
accurate representation of the scene.”
When crime scene photographers
were at the crime scene, as they looked
around it, each part of the scene was
in focus. If a photograph of the crime
scene does not also show the scene to
be in focus, then it is not as the pho-
tographers viewed the scene. Second,
a defense attorney may be able to successfully argue that possible exculpatory evidence was located
in areas currently appearing to be out of focus. The attorney would remind the court that most
photographers know how to minimize the depth of field to intentionally blur selected areas of a
scene, suggesting the crime scene photographer had done so purposefully. Third, a defense attorney
may be able to successfully argue that the photographer was too incompetent to create a properly
focused image, and the image should be excluded as being substandard and unprofessional. These
ideas and others will be discussed at length in Chapter 12 on the legal issues related to crime scene
photography.

FIGURE 2.30
Wide aperture: focused at the rear.
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FIGURE 2.31
Small aperture: entire range in focus.

Many nonprofessional photographers
compose their main subject in the
viewfinder and then rotate the focus-
ing ring until their main subject comes
into focus. You may now be saying, “Of
course, what else would you do?”

Crime scene photographers should be able
to optimize their focusing by use of other
focusing techniques or other techniques
known to provide better depth of field.
The following techniques are mentioned
here briefly because they fall under one of
the Cardinal Rules this author believes are
worth stressing. They will be elaborated
on further in the chapters on exposure
(Chapter 3) and focusing (Chapter 4).

Use the reciprocal exposure that uses the smallest aperture. Multiple shutter speed and
aperture combinations result in the same exposure level. The use of small apertures

results in a larger depth of field range. For instance, the following exposure combinations
are reciprocal exposures because they will produce images with the same exposure: /22
and 1/60; f/16 and 1/125; f/11 and 1/250, and {/8 and 1/500. Although they all produce
the exact same exposure, they differ in the resulting depth of field ranges. Of the four
combinations, the f/22 and 1/60 will result in the best depth of field range. If all four
produce good exposures, why not select the one exposure combination that also maximizes

the depth of field range?

Hyperfocal focus when infinity is in the background. Hyperfocal focusing maximizes the
depth of field range for large outdoor crime scenes. Hyperfocal focusing usually requires
the use of a depth of field scale (see Figure 2.32), along with the camera’s distance scale.
Hyperfocal focusing will be explained in detail in Chapter 4.

Zone focus when infinity is not in the background. Or, if your lens does not have a depth
of field scale, focus by the “rule of thirds.” These two focusing techniques, which result in
virtually the same depth of field range, maximize the depth of field for smaller scenes. Both
zone focusing and focusing by the rule of thirds will be explained in detail in Chapter 4.

Prefocus the camera at its closest focusing distance by rotating the focus ring to its shortest
focusing distance. This does not require looking through the viewfinder. Then, move the
camera, mounted on a tripod, toward the subject (a

fingerprint, for instance) until the subject comes into

" ] ] ]
16 118 & focus. Set the tripod down at that position. It would be

possible to arbitrarily place the tripod too close to the

FIGURE 2.32 evidence, in which case focus will never be achieved.
Depth of field scale. Or, if the tripod were to be placed too far away from the
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evidence, it would be possible to eventually focus on the evidence, but then the evidence
would be smaller in the viewfinder than necessary. By prefocusing and then moving the
tripod toward the evidence until it is in focus, you ensure the evidence is as large as it can
be in the viewfinder.

These focusing techniques frequently result in a depth of field range that encompasses the entire crime
scene or area of interest. What if the depth of field is not adequate to ensure everything will be in focus?
If the lens being used has a depth of field scale (see Figure 2.32), very precise determinations of the
depth of field range can be made and known to the photographer before the photograph is taken. If
the photographer knows part of the foreground or part of the background will be out of focus, what
should be done? The answer should be clear. If you are responsible for not only what appears in your
foreground and background but also for whether or not it is in focus, then the same solutions are avail-
able. If the foreground or background is distracting to the overall purpose of your image, recompose
the scene until the distracting foreground or background is no longer in view. If it is known that the
foreground or background will be out of focus, recompose the scene until the out-of-focus foreground
or background is no longer in view.

Recomposing the scene may require raising or lowering the camera’s view of the scene. It may require
getting closer to the primary subject matter to compose the scene tighter, thereby cropping the scene in
the viewfinder. The depth of field scale, and the other focusing techniques mentioned previously, will
be explained in great detail in Chapter 4, dealing with focusing issues.

Cardinal Rule #3: Keep the Film Plane Parallel

In these times when most law enforcement agencies have switched to digital imaging, it is fair to ask
why this Cardinal Rule hasn’t been reworded to something like, “Keep the Digital Sensor Parallel.”
When this author first learned crime scene photography, 30 years ago, the constant admonition was
to “Keep the Film Plane Parallel.” This idea can be expressed several other ways: Keep the back of the
camera parallel to the subject; keep the length of the lens perpendicular to the subject; keep the front
lens element parallel to the subject; or keep the digital sensor, whether that be a CCD digital sensor or a
CMOS digital sensor, parallel to the subject. These all mean the same thing! Many times, the best com-
position is to avoid diagonal views of the subject. While working on this second edition, this author
has strived to replace references to “film” with the term “sensor.” In this case, however, the decision was
made to retain the original Cardinal Rule. It is the author’s homage to our roots in film photography.
As long as you understand the important concept, the exact phrasing is unimportant.

Which angle of view is best for the primary subject? Often, having the film plane parallel to the main
subject is best.

This suggestion is in direct contradiction to many other books in which crime scene photography
techniques are taught. In fact, this author was originally taught that diagonal viewpoints were fre-
quently the optimal camera position. Justifications for this departure from the norm will be provided.
If you remain unconvinced, or if your agency prescribes a certain protocol be used, then by all means
use the technique required by your agency. If you are not restricted by such protocols, however, these
justifications may be convincing.
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This is the first opportunity for this author to stress one very important point. Over the years, individ-
ual photographers will frequently develop a set of preferences when they take their photographs. This
may be the result of their training, or it may come from experience, when multiple attempts to cap-
ture a particular type of subject have indicated which technique is usually most successful. This author
is no different. This book is the result of years of taking photos at crime and accident scenes. This
author does have a very definite preference for certain techniques. You may also have your own pref-
erences, different from the author’s. Just because the author’s recommendations are provided in this
text does not make them any better than the photographic techniques you may currently be employ-
ing. This author is constantly learning from other photographers. At no time should you think that
this author believes the suggestions in this text are the only way to produce high-quality crime scene
images. This author is constantly asking other photographers for their ideas, or for their “Tips, Tricks,
and MacGyvers.” However, the techniques in this book have worked for the author. Try them, or at least
consider them. If you have a different way, or a better way, of getting the photographic job done, please
send your ideas to the author. Your suggestions may become a new part of this author’s bag of tricks.
And, you may read about it in the next edition.

Overall Photographs
With exterior overall photographs, building facades and walls are best photographed with the film
plane parallel to those surfaces.

Diagonal views have part of the wall closer to the camera and part of the wall farther from the
camera. This makes part of the wall larger and part of it smaller. Often, it is not known during
the early crime scene photography which areas are more important than others. Therefore,

to the extent possible, it is best to have everything the same size, so there is not an emphasis
on one part of the scene by having it larger than another part of the scene. Also, it would be
unfortunate if several days after the crime scene photos were taken, it became known that the
point of entry/exit was through a door or window at the far end of a wall photographed with a
diagonal viewpoint. This would result in the point of entry/exit being very small and difficult
to see.

Diagonal views have part of the scene closer to the camera and part of the scene farther from
the camera. This creates a distance issue between foreground and background. Because it is
best to have this entire expanse in focus, it is necessary to manage the depth of field to ensure
both the foreground and background are in focus. As the distance between the two becomes
greater, it becomes more and more possible that the depth of field range may not cover the
foreground-to-background distance. To eliminate this concern, compose the scene with the
film plane parallel to the fagade, wall, or area of primary interest. Having the film plane
parallel to the scene will ensure everything is in focus.

Diagonal views have part of the scene closer to the camera and part of the scene farther
from the camera. When electronic flash is being used to light the scene, the larger the scene,
the more likely a single flash will be unable to illuminate the entire scene. If the flash is

set to properly expose the rear of the scene, the foreground will be overexposed. If the

flash is set to properly expose the foreground, the background will be underexposed. These
differences of exposure are eliminated when the flash is equidistant to both the left and
right side of the scene.
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There are some well-known exceptions to
the preceding rule:

1. Standing with the film plane
parallel to a wall, the lens will be
perpendicular to the wall. You will
be directly facing the wall you
are photographing, If the wall you
are facing has a window or mirror,
you might be able to see yourself
oryour flash, as a reflection. It is
not recommended that you include
yourself and your camera equipment
in your own photograph. In this
case, it is necessary to compose
the scene from a slight diagonal
viewpoint so that you will not be
seen in your own photograph.

Figure 2.33 shows theworst possiblesituation:
The entire wall is composed of windows. The
top image of the three (Figure 2.33a) shows
the reflection of the flash when the photo-
graph was taken. The flash “hot spot” is in
the center of the image. A very slight diago-
nal view is recommended to avoid this result.
This view enables the photographer to com-
pose himself or herself, and the flash, out of
the image. The two bottom images show the
entire wall, but the photographer and flash
are no longer in view.

2. Ifyou are using an electronic flash
and the wall is highly reflective,
maintaining the film plane parallel
to the wall will usually result in
a bright “hot spot” on the wall,
espedially if the flash is mounted on
the camera’s hot-shoe. Here again, a
slight diagonal viewpoint to the wall
will eliminate the flash’s “hot spot.”
Or, with the camera remaining in

FIGURE 2.33 the same position, take the flash off-
Film plane parallel: flash reflection seen. (b) Slight diagonal: no flash camera, and have the flash diagonal
reflection. (c) Slight diagonal: no flash reflection. to the wall. Or, use bounce flash, to

be explained later.
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FIGURE 2.34
Building facade. diagonal and film
plane parallel views.

3. Buildings will sometimes be so close together that it is impossible to stand far enough away
from the wall to maintain a perspective with the film plane parallel to the wall. When there is
no alternative, diagonal viewpoints will be necessary.

Figure 2.34 shows two examples of exterior overall photographs. The top views show diagonal
viewpoints of a building. The bottom views show the same building photographed with the film
plane parallel to the building's facade. Both pairs of images encompass the entire front facade of the

Photographer

Evidence Fixed Feature
FIGURE 2.35
Isosceles triangle.

building. It is hoped you will agree the bottom two images would be

of more use to document the entry/exit from any particular door or
window, if it were not determined until several days after the photo-
graphs were taken.

Midrange Photographs

With midrange photos (also frequently called intermediate photo-
graphs, establishing views or medium view photographs), try to
arrange the subject and the fixed feature of the scene so they are
the same, or as close to the same, distance from you as is possible.
(Think of an isosceles triangle, as shown in Figure 2.35. The photo-
grapher will be at one point of the triangle, and the evidence and the
fixed feature of the scene will be at the end of the two equal length
sides of the triangle.)
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Another way to think of this is to have the film plane parallel to an imaginary line formed by con-
necting the evidence and the fixed feature of the scene. This eliminates perspective distortion, where
one item looks closer to another than it really is. An easy way to think of this is to consider a wagon
wheel, with equal length spokes, that can also be thought of as diameters of the circular wheel. When
the wheel is viewed upright, from the side, all the spokes/diameters have an equal length. However,
drop the wheel on the ground, and look at it from a perspective view, the circle turns into an ellipse,
and the spokes appear to be different lengths, although you know they are all still the same length. It
is the perspective view that makes the different spokes/diameters appear to be different lengths. Since
a midrange photograph is supposed to demonstrate the accurate distance between the evidence and a
fixed fixture of the scene, the only accurate arrangement of the evidence and fixed feature is to compose
them so they appear at the ends of the long spoke/diameter, as in Figure 2.36.

Figure 2.37 shows three improper viewpoints and one proper viewpoint for showing the distance
relationship between a cartridge casing and a silver electric box. Figures 2.37a through 2.37c show
the casing and electric box aligned from three linear points of view. A linear point of view aligns
the photographer, one item of interest, and a second item of interest in a single line. Each shows
a different perceived distance between the casing and the fixed feature of the scene. The photo-
grapher took these photos by standing at full height, kneeling, and then lying prone. These are
examples of perspective distortion. Linear viewpoints should always be avoided because of this
perspective distortion effect. Each of the three photographs was taken with the camera at differ-
ent heights. Are any of the three depicting an accurate distance between the evidence and the fixed
feature? No. Raising the camera higher or lowering it changes the perceived distance relationship
between the casing and the electric box. If it was the purpose of the photographer to show the
viewer, and ultimately this will be a judge and a panel of jurors, the real distance relationship
between the casing and the electric box, all three of these photos fail. The photograph in Figure
2.37d), where the film plane is parallel to an imaginary line between the casing and the electric
box, does show the proper distance relationship between the two items of interest. There is no
perceived distance distortion when viewed from this position.

However, there will be times when establishing this particular viewpoint may be impossible because
of the layout of the scene and other objects within the scene. Attempt to approximate this viewpoint
as much as possible. Are all diagonal viewpoints “wrong”? Certainly not! A supplemental image from
a different viewpoint is never “wrong.” Better to have a selection of viewpoints to choose from than
having just one image of a particular scene.

FIGURE 2.36
Wagon wheel ellipse.
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FIGURE 2.37
(@) Linear viewpoint; standing. (b) Linear viewpoint:
kneeling.

(Continuea)
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FIGURE 2.37—CONT'D
(c) Linear viewpoint; prone. (d) Film plane parallel; isosceles viewpoint.

Close-Up Photographs, Particularly Examination-Quality Photographs
Having the film plane parallel to the evidence is critical with close-ups of the subject. Frequently, if the
film plane is not parallel to the subject, the close-up cannot be used for comparison purposes.

Figure 2.38 shows two items with incorrect and correct close-up photos. Both of the top images (Figures
2.38a and 2.38c¢) were photographed at an angle. Both of the bottom images were photographed with
the film plane parallel to the evidence. Both of the bottom images (Figures 2.38b and 2.38d) were care-
fully composed so that the back of the camera, the film plane or digital sensor, was parallel to the evi-
dence. If the shoe of a suspect were recovered, only the bottom image (Figure 2.38d) would be suitable
for comparison purposes. The top image of the shoe print (Figure 2.38c) would have to be corrected
in the darkroom (film) or in a software program like Photoshop (digital) before it could be directly
compared with the suspect’s shoe.
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The three Cardinal Rules will be referred to constantly throughout this text. Adhering to them will

make your photography better than the average crime scene photographer’s images. Remember
them!

CARDINAL RULES OF CRIME SCENE PHOTOGRAPHY

1. Fill the frame.
2. Maximize depth of field.
3. Keep the film plane parallel.

FIGURE 2.38

(@) Angular viewpoint. GWU MFS Student D. Schweizer (b) Film plane parallel.

GWU MFS Student D. Schweizer (Continued)



FIGURE 2.38—CONT'D
(c) Angular viewpoint. (d) Film plane parallel.

SUMMARY

Many have considered photography to be grounded on both science and art. Photography is
thought to be based, in part, on science because photography depends on the physics of optics
and the mechanics of determining a proper exposure. Photography is thought to be based, in
part, on art because photography that is considered to be “well done” is often a result of the cre-
ative expression of the photographer. Both are usually necessary to create a successful image.
This chapter emphasized the need to develop a photographer’s eye and consider the elements of
composition.
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This chapter stressed several elements of composition. Photographers must first consider their own
viewpoint of the subject. The same object or area may be best viewed from one direction rather than
from another direction. What considerations may affect this choice? One viewpoint may include too
many distracting elements, which are easily eliminated from a different viewpoint. One viewpoint may
include the photographer’s shadow, which should always be avoided if possible. If it is impossible to
exclude a partial shadow from being seen from one viewpoint, then totally covering a small area in
shadow should be considered.

Once the “primary subject” has been determined, additional elements in the foreground and back-
ground and to the left and to the right of the “primary subject” should be eliminated from the field
of view. This can sometimes be accomplished best by framing the subject with the camera held either
horizontally or vertically, depending on the shape of the subject.

Composition suggests the photographer makes choices to optimally frame the subject matter.
Composition should be as carefully considered as either exposure issues or focusing techniques.

Briefly explain why photography can be considered to be both a scientific enterprise and an artistic expression
of the photographer.

Can a properly exposed crime scene photograph still be unsuccessful? Why?

How can the photographer’s viewpoint affect whether an image correctly depicts the spatial relationship
between two objects?

How can both ambient and flash shadows be controlled?

The following are composition exercises only. As such, issues of exposure, focus, depth of field, and flash tech-
niques are not considered. You may use an SLR set to program exposure mode and set the camera to autofocus.
Or, you may use a point-and-shoot film or digital camera. Composition is the only issue in these exercises.

Construct an exterior mock crime scene with several items of evidence included in it.

Take an exterior overall image that shows the crime scene in its relationship to the surrounding
neighborhood. Attempt to locate a single easily recognizable feature of the surroundings and include this
feature with the crime scene. This may be a particular business, a house, intersection street signs, or a
natural feature of the scene.

Take one exterior overall photograph, encompassing the entire crime scene, while attempting to eliminate
everything not within the crime scene.

Take a series of images, capturing two sides of any building. Some larger buildings will require overlapping
images if a single image will not capture the entire facade.

Select one of the items of evidence and take a midrange photograph of it with a fixed feature of the scene.
Take one close-up of that item of evidence, filling the frame with it.

Compare your images with those in this chapter and with other images on the supplemental website of images,
referring particularly to the following image folders: close-ups, composition, exterior overalls, and midranges.
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Basic Exposure (Non-Flash) Concepts
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F/stop Isosceles triangle point of view  Shutter

Fill-flash Manual exposure mode Shutter priority exposure
Focal plane shutter Neutral density filters mode

Graininess Photo identifiers Single lens reflex

18% Gray card Polarizer filter Theory of reciprocity
Incident light meter Program exposure mode UV filter

Interior overall photographs Reciprocity failure White balance

Inverse square law Reflective light meters

On completion of this chapter, you will be able to. ..

Explain the four exposure variables and their interrelationships.

Explain that shutter speeds are not only exposure controls but also motion controls.

Explain the concept of the theory of reciprocity.

Explain how a reflective light meter works.

Explain what “tools” are available to help determine the proper exposure for a tricky scene.
Explain the typically encountered “non-normal” scenes requiring exposure adjustments.
Explain the various exposure modes available with different cameras.

Explain how to bracket in manual and automatic exposure modes.

Explain the /16 sunny day rule.

Explain why entire rolls of film or long sequences of digital images may be uniformly improperly
exposed.

Explain the basic uses of filters as lens protection, reflection and glare removers, and “sunglasses.”

THE PROPER EXPOSURE TRIANGLE

Exposure Stops
A photograph can either be properly exposed, underexposed, or overexposed.

Exposure stops are an exposure change normally expressed as a change that either halves or doubles
the overall lighting from the original exposure. A +1 exposure stop change, therefore, doubles the pre-
vious exposure; a —1 exposure stop change halves the previous exposure.

A proper exposure looks “correctly” exposed, neither too light nor too dark. It seems “normal,” as we
would expect to see it. Details within the image are neither hidden in dark shadows nor washed out
by being overexposed.

In a discussion of exposures, it is common to express differences in exposures by using the term “stops.”
An image may be properly exposed, which is usually referred to as being “0,” or what is believed to
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be the optimal exposure. Another image of the

same subject can be underexposed precisely by
; 1 stop (a -1 exposure). A third image of the
same subject can be overexposed precisely by
1 stop (a +1 exposure). See Figures 3.1 to 3.3.
Images can also be 2 stops underexposed (a -2
exposure) or 2 stops overexposed (a +2 expo-
sure), as in the partial shoe print photograph
sequence in Figures 3.4 to 3.8.

explained further. An exposure change from

an image with a proper exposure is normally

FIGURE 3.1 expressed as a change that either halves or

+1. (Courtesy of Martin Eaves, GWU MFS student.) doubles the overall lighting from the original

; exposure. A +1 image doubles the light of the

original; a -1 image halves the light of the orig-

inal. The camera’s exposure system allows the

photographer to precisely control the exposure

of any image by manipulating several camera
variables.

. & W The concept of an exposure stop needs to be
L iE A,

Each decision to change exposures usually
affects other aspects of the image besides the
exposure level. For instance, changes in shut-
ter speeds affect not only the image’s exposure,
but also the photographer’s ability to either
“freeze” motion or enhance the “blur” of mov-
FIGURE 3.2 ing subjects. Changes in f/stops affect not only
Properly exposed, or “0.” (Courtesy of Martin Eaves, GWU MFS student) ~ the image’s exposure, but also the photogra-
pher’s ability to control the depth of field in
the photograph. Both of these concepts will be
addressed in subsequent sections of this text.
At this point, only exposure concepts will be
discussed.

FIGURE 3.3 FIGURE 3.4
—1. (Courtesy of Martin Eaves, GWU MFS student.) Shoe print +2. Shoe print +1.
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FIGURE 3.6 FIGURE 3.7 FIGURE 3.8
Shoe print normal exposure. Shoeprint 1. Shoeprint —2.

Exposure Variables
Generally, four variables directly affect exposure:

Shutter speeds

Apertures

Film speeds/digital ISO equivalents

The ambient lighting of the scene, or any supplemental lighting that can be used

The four exposure variables can best be understood by relating them to the four sides of a triangle. Yes,
a triangle has four sides. The three “normal” sides of the triangle relate to the photographic variables
of shutter speeds, f/stops, and film speeds; and the in-"side” of the triangle corresponds to the light at
the scene or the use of flash (see Figure 3.9). Any variance in one of these variables results in a change
in the exposure of a photograph.

Shutter Speeds

The shutter in a single lens reflex (SLR) camera is most frequently located in the camera body, just
in front of the film/digital sensor,' where light entering the lens is brought into focus. As such, the
shutter in a single lens reflex camera is also called a focal plane shutter. In some other cameras, the
shutter can be located in the lens itself, rather than in the camera body. The single lens reflex camera
is normally considered the optimal camera format to be used at crime scenes by most law enforce-
ment agencies. There may be some agencies, however, that continue to use medium format cameras
for their crime scene photography. This author also used a medium format camera early in his career.
It is not the intent of this text to judge the respective merits of SLR
and medium format cameras. As a matter of fact, though, most
agencies have adopted the SLR as their camera style of choice.

The Proper Exposure Triangle

F-Stops Shutter Speeds  The term “single lens reflex” involves two concepts. First, the image
Flash/ Vie.w.ed by the photographer through .the viewfinder and the light
Ambient Light striking the sensor both come from a single lens. Second, to accom-

plish this dual role, the light coming from the lens is reflected (reflex)
by a series of mirrors to the viewfinder. During the actual image cap-
ture, a movable mirror, “b” in Figure 3.10, is flipped up to allow the
same light seen through the viewfinder to strike the sensor.

Film Speeds

FIGURE 3.9
The proper exposure triangle.

"It seems that many/most law enforcement agencies have converted to digital cameras for their crime scene photography. Some agencies, however, may
still be using film cameras, whereas other agencies are using both film and digital cameras. For the remainder of this book, the author will refer to both
film and a digital sensor as just “sensor,” rather than continuing the awkward “film/digital sensor” distinction.
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h
Al FIGURE 3.11
A focal plane shutter that opens vertically.

; The schematic of an SLR camera body
W X shown in Figure 3.10 has the sensor located
in the back of the camera, indicated by “d”
@,' ‘\© (B) @ and the shutter indicated by “c.” Because
the shutter is located near the sensor, where
FIGURE 3.10 light is brought into focus, it is called a
Schematic of a 35mm camera. (@) Lens elements; (b) mirror-down;, focal plane shutter. Some focal plane shut-
(¢) shutter; (c) sensor; (e) mirror-up; () lens; (g) pentaprism; (h) viewfinder.  ters open vertically (see Figure 3.11), and

(Courtesy of Jeff Robinson, scamper.com.) some open horizontally.

The sensor is the place where the camera is designed to focus the light coming in through the lens.
When the shutter button is depressed, the shutter opens for a predetermined amount of time, allowing
light coming in through the lens to strike the sensor for different amounts of time. The shutter speeds
are normally indicated as whole numbers: 1, 2, 4, 8, 15, 30, 60, 125, 250, 500, and 1000. The white
numbers in Figure 3.12, from B to 4000, are shutter speed indications.

FIGURE 3.12

Shutter speed dial and threaded shutter
button. (Courtesy of Ron Taniwaki, Nikon
Forensic Services.)
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Although the shutter speeds are usually indicated by whole numbers on the shutter speed dial, or in a
digital LED screen, they are, in fact, fractions. Most shutter speeds are fractions of a second. For exam-
ple, the shutter speed of 15 means that the sensor will be exposed to light for 1/15th of a second while
the picture is being taken; 125 represents 1/125th of a second, 1000 represents 1/1000th of a second,
and so on. Modern cameras have shutter speeds as fast as 1/8000th of a second.

Shutter speeds are also longer than 1 second. To distinguish these shutter speeds from those that are
just fractions of a second, shutter speeds that are full seconds are usually indicated by the symbol (").
For example, the shutter speed 2" means 2 seconds, whereas the shutter speed indicated by 2 means '/,
second; 15" means 15 seconds; 15 means 1/15th of a second. Sometimes, shutter speeds are indicated
by a different color. In Figure 3.12, the 250 between the 125 and 500 actually stands for the camera's
flash sync speed. This will be explained in the chapter on flash.

Figure 3.12 has a “B” just beyond the 1-second shutter speed, which stands for “bulb” and is the shutter
speed setting used when longer shutter speeds than those available on the shutter speed dial/digital LED
screen are required. When the “bulb” shutter speed has been selected, the shutter will remain open for
as long as the shutter button is depressed, allowing very long exposure times. Keeping the shutter but-
ton depressed with a finger over long exposure times, however, can result in blurred images from camera
shake, which is possible even if the camera is mounted on a tripod for additional camera stability. When
the bulb shutter speed is selected, it is best to use a remote shutter release cable, which is sometimes
screwed into the threaded shutter button, or plugged into the camera body (see Figures 3.13 through
3.16.); when the shutter button is depressed, the shutter is activated. Long ago, shutter release cables had
a rubber squeeze bulb on one end instead of a button. When the rubber bulb was squeezed, the shutter
would trip. The term “bulb” still remains, although the rubber bulb itself is not used much anymore.

Any vibration associated with depressing the button on the remote shutter release cable is dampened
by the flexible cable and does not result in camera shake. Figures 3.14 to 3.16 show the old-style
mechanical remote shutter release cable on a film camera and a modern electronic shutter release cable

on a digital camera.

FIGURE 3.13 FIGURE 3.14
A bulb on shutter release cable. Remote shutter release cable.
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FIGURE 3.15 FIGURE 3.16
Remote shutter release cable screwed into the shutter button. Electronic shutter release cable.

Choose any number on the following continuum (1, 2, 4, 8, 15, 30, 60, 125, 250, 500, 1000, 2000),
and you will notice that every preceding number seems half as large, and each succeeding number
seems twice as large. In reality, it is just the opposite. For example, beginning with 60 (really 1/60th
of a second), a change to 30 (really 1/30th of a second) is
twice as long (sometimes referred to as “slower”); whereas a
125 (really 1/125th of a second) is half as long (sometimes
referred to as “faster”). Every change along the normal shutter
speed continuum either halves or doubles the time the shut-
ter remains open, giving the photographer precise control
over the time that light is permitted to strike the film (see
Figures 3.17 to 3.19).

E" “ Many cameras, both film and digital, give the photogra-
FIGURE 3.17 Pher the option of using shutter speeds. that are in smaller
1/30. increments of the full shutter speeds given previously. For

FIGURE 3.18 FIGURE 3.19
1/60. 1/125.
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instance, if the camera has shutter speed increments in 1/2 stops, the shutter speed between 1/60
and 1/125 would be 1/90. If the camera has shutter speed increments in 1/3 stops, the shutter speeds
between 1/60 and 1/125 would be 1/80 and 1/100. Knowing your camera’s capabilities is impor-
tant, because on different cameras, a change from one shutter speed to the next shutter speed may
be either a full 1-stop change, a 1/2-stop change, or a 1/3-stop change.

Increasing the length of time the shutter is allowed to remain open will cause succeeding images to be
progressively lighter and lighter, tending toward overexposure. Decreasing the length of time the shut-
ter is allowed to remain open will cause succeeding images to be progressively darker and darker, tend-
ing toward underexposure. Returning to the previous exposures of scissors, shutter speed examples can
now be assigned to each of the three images.

If a shutter speed of 1/60 led to a proper exposure, the shutter speed of 1/125 would let in half the
light, and the resulting image would be darker. The shutter speed of 1/30 would let in twice the amount
of light, and the resulting image would be lighter.

It will eventually be seen that all four of the proper exposure variables are in the same half or double
increments, enabling the photographer to increase or decrease the exposure of the film by altering dif-
ferent camera variables.

Changing shutter speeds with a digital camera works precisely
the same as with a film camera. The same concept of halves
and doubles applies.

F/Stops

The F/stop is sometimes referred to as the aperture of a lens
or the diaphragm opening of the lens. The three terms are
sometimes used interchangeably. To be more precise, this
FIGURE 3.20 section will explain each term.

Wide aperture. (Courtesy of Ron Taniwaki, Nikon

: , The diaphragm of the lens is a set of blades, forming a more
Forensic Services.)

or less circular opening, which can be opened to let more
light through the lens or closed to restrict the light entering
the camera.

The aperture is the size of the resulting diaphragm opening.
Apertures are said to be “wide” or “large” or “opened up”
when the diaphragm produces a large opening (see Figure
3.20). Apertures are said to be “narrow” or “small” or “closed
down” when the diaphragm produces a smaller opening (see
Figure 3.21).

The term “f/stop” is actually a fraction relating the size
FIGURE 3.21 of the aperture opening to the lens currently being used
Narrow aperture. (Courtesy of Ron Taniwaki, Nikon ~ and is best explained by the following equations (see also
Forensic Services.) Figure 3.22):
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FIGURE 3.22
Various apertures. (Courtesy of Ron Taniwaki, Nikon Forensic Services.)

FFL/f/stop = DOD, or
FFL/DOD = F/stop

Where: FFL = Focal length of the lens
F/stop = The f/stop selection
DOD = Diameter of the diaphragm

In the case of a 50mm lens, if the camera is set at f/8, the size of the lens opening, also known as the
diameter of the diaphragm, is 50/8 = 6.25mm. Or, a 50mm lens with a 6.25mm diaphragm opening
is currently set to f/8. 50/6.25 = 8.

Here's another example: With a 50mm lens on the camera and an f/4 set on the camera, the diameter
of the diaphragm would be 50/4 = 12.5mm. Or, a 50mm lens with a 12.5mm diaphragm opening cur-
rently set to f/4. 50/12.5 = 4. Another example: f/22 with a 50mm lens. The lens opening would be
50/22 = 2.27mm.

The following are the normal, full f/stop numbers: 1.4, 2, 2.8, 4, 5.6, 8, 11, 16, 22, and 32. These par-
ticular numbers are derived from the physics of light and will be explained later in the discussion of
the inverse square law as it relates to electronic flash.
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For now, however, it is just important to remember that although f/stops are expressed as whole num-
bers, just like shutter speeds are usually expressed as whole numbers, they are also actually fractions.
Therefore, f/8 actually represents 1/8th, and f/4 actually represents 1/4th. Although shutter speeds are
fractions of a second, f/stops are fractions of the focal length of the lens being used.

Notice the relationship between the f/stop numbers and their respective lens openings. The 22 of /22,
what appears to be a relatively large number, results in a small lens opening when used with a 50mm
lens (2.27mm); whereas the 4 of f/4, a smaller number than 22, results in a larger lens opening when
used with a 50mm lens (12.5mm). Remember that /22 really stands for 1/22nd and {/4 really stands
for 1/4th. Now, when you realize the smaller 1/22nd results in the smaller lens opening (2.27mm) and
the larger 1/4th results in the larger lens opening (12.5mm), the f/stops begin to make sense.

One convention of this text will be to express the term “f/stop” as a fraction, rather than the “f-stop”
used by some other texts, which serves as a constant reminder that the f/stops are a ratio of the focal
length of the lens currently being used on the camera.

Budding photographers frequently point out that the f/stop numbers are not as simple to comprehend
as the shutter speeds seem to be. One complaint is that the apparently larger number, the /22, actually
represents a smaller-sized aperture, whereas the apparently smaller number, the f/2, actually represents a
larger-sized aperture. Again, remember that the f/22 really is not a large number; it signifies 1/22nd of the
focal length of the lens. The f/2 really is not a small number; it signifies !/, of focal length of the lens.

However, because this same issue constantly occurs with every new class of crime scene photogra-
phers, it became paramount that a definitive method was found to make the theory easy to under-
stand. Analyzing the types of people likely to be reading this text, it became apparent that readers
would likely fall into one of two general categories. Readers would likely belong to some form of law
enforcement agency, whether local, state, military, or a federal agency. Or, they would be students in
school preparing themselves for an entry-level career in law enforcement and crime scene processing.
The solution to the problem became clear: Use examples immediately understood by each respective
audience.

For those aspiring to their first careers, a pizza would provide the perfect analogy, because most students
survive almost totally on this food during their formal educa-
tions. Imagine being with a gathering of friends when a pizza
arrives at the door.

Now, imagine having to split that pizza with your friends. If
your share was an f/2 portion of the entire pizza, you would
receive '/, of the pizza, and that is a lot of pizza. If your share
was only an f/22 portion of the pizza, you would receive only
1/22nd of the pizza (see Figures 3.23 to 3.25).

Those already affiliated with a law enforcement agency require
The whole pizza. (Courtesy of Brigid Reilly, GWU a different analogy for the full meaning of f/stops to truly hit
MFS student,) ’ home. In this case, it is natural to think in terms of donuts.

FIGURE 3.23
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FIGURE 3.24 FIGURE 3.25
Half a pizza: an /2 portion. (Courtesy of Brigid 1/22 of a pizza: an /22 portion. (Courtesy of
Reilly, GWU MFS student.) Brigid Reilly, GWU MFS student.)

Imagine having to split a dozen donuts with your cowork-
ers. If your share was an f/2 portion of the box of donuts, you
would receive '/, of the donuts. If your share was only an f/22
portion of the box of donuts, you would receive only 1/22nd
of the total (see Figures 3.26 to 3.28).

When we speak to people in terms they can understand, com-
plex ideas become simple.

FIGURE 3.26 o The same goes for the amount of light let in by various f/stop
;\;gzetnjon;ts. (Courtesy of Brigid Reilly, GWU selections: f/2 lets in a lot of light; f/22 lets in very little light.
student,

Another important fact to remember about f/stops is that, just
like shutter speeds, changing from any one f/stop to an adjacent f/stop number either halves or dou-
bles the light allowed to enter the camera and strike the sensor. The difficulty is that the f/stop num-
bers themselves, as numbers that can be halved and doubled, do not seem to suggest this. For instance,

FIGURE 3.27 FIGURE 3.28
Half of the donuts; an /2 portion. (Courtesy of 1/22 of the donuts; an 1722 portion. (Courtesy of
Brigid Reilly, GWU MFS student.) Brigid Reilly, GWU MFS student.)
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changing from f/8 to {/5.6 increases the light reaching the sensor. By how much? By double the light.
Look at Figure 3.22 again, and notice that f/5.6 is a larger opening than f/8. A 1-stop change of expo-
sure either halves or doubles the light reaching the sensor. Changing from f/2.8 to f/4 would be half
the light, resulting in a -1 stop change.

For now, just accept the fact that a change of f/stops that results in the next larger lens opening doubles
the light entering the camera; a change of f/stops that results in the next smaller lens opening halves
the light entering the camera. Be assured that ultimately the sequence of the f/stop numbers does make
}’ﬁ s ﬂ%w,_m. 4'_:,_‘!.« e sense, but that explanation will come later, when the inverse
= .

—*" i" {ﬂ?‘ z square law is explained in Chapter 5.

When considering the images of knives with different expo-
sures, examples of f/stop numbers can now be assigned to
them (see Figures 3.29 to 3.31).

An f/8 allows precisely 1 stop more light to strike the sensor
than an f/11 would. An f/16 allows precisely 1 stop less light
o : to strike the sensor as the f/11 would. These would result in
FIGURE 3.29 - - thesame+1 and -1 exposures as the changes in the previously
8 mentioned shutter speeds. The photographer has both tools
to choose from to arrive at the same goal of having a proper
exposure.

Many modern cameras, both film and digital, give the photo-
grapher the option of using f/stops that are in smaller incre-
ments of the full f/stop numbers given previously. For instance,
if the camera has f/stop increments in 1/2 stops, between an
f/8 and an f/11 would be an {/9.5. If the camera has f/stop
increments in 1/3 stops, between an f/8 and an f/11 would be
both an f/9 and an f/10. Knowing your camera'’s capabilities is
- : important, because on different cameras, a change from one
FIGURE 3.30 f/stop to the next adjacent f/stop may be either a full 1-stop
711. change, a 1/2-stop change, or a 1/3-stop change.

Changing apertures with a digital camera works precisely the
same as with a film camera. The same concept of halves and
doubles apply. The diaphragm blades are in the lens, and
many lenses can be used on both film cameras and digital
cameras.

How do you “set” the f/stops on the camera? Many low-end
cameras have f/stop selections that can be selected by rotat-
ing a ring on the lens. The lens in Figure 3.32 has an f/stop

¢ 1ok ; - continuum ranging from f/1.8 through f/22. The camera is set
FIGURE 3.31 to f/8: The “8” is opposite the line doing double duty as the
1/16. distance mark and f/stop mark.
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On more modern film and digital cameras, the photographer
uses a variety of dials and buttons to select an f/stop.

i 2 3 5iem Film Speeds/Digital ISO Equivalents

I;}: : ;: l Lﬂ‘:iu“n The following description refers to negative films, the “normal”
print film previously used by most law enforcement agencies.
Most did not use reversal (slide) films for crime scene photogra-
phy. In fact, most are now using digital cameras, so film speeds

FIGURE 3.32 are now more properly called digital film speed equivalents.
Camera lens set to /8.

Like shutter speed changes and f/stop changes halve and double
the light allowed to reach the sensor, resulting in 1-stop exposure changes, film speed changes can also
result in 1-stop exposure differences.

Commonly found film speeds are usually expressed as the following International Organization for
Standardization (ISO) numbers: 100, 200, 400, 800, 1600, and 3200. Digital cameras do not use film
but have continued the convention of relating the sensitivity of their digital sensors to light by using
the same ISO equivalents. However, some digital cameras may have restrictions on the ISO equivalent
choices you might have. Whereas some digital cameras offer the choice of an ISO equivalent of 50,
other digital cameras may begin their ISO equivalents at 200.

These numbers are an indication of the sensor’s relative sensitivity to light. Sensors that require more
light for a proper exposure have the lower numbers, like 100, or sometimes even 50; sensors very sensi-
tive to light, therefore requiring less light for a proper exposure, are designated by higher numbers, like
3200. There are digital cameras now on the market with ISO equivalents of 25,600! Continuing the
ISO equivalents from 3200, the next 1-stop increment would be 6400, then 12,800, and then 25,600.
Many years ago, film was rated by the older American Standards Association (ASA) numbers, or the
Deutsches Institute fiir Normung (German DIN) designation, but the United States has joined the rest
of the world community and uses the ISO numbers now.

Like the shutter speed numbers, the film speed numbers immediately seem easy to understand: 100
ISO film requires more light for a proper exposure; 3200 ISO film can be used outside at night with
only minimal light. These ISO film speeds are conveniently doubles or halves of adjacent film speeds.
Changing from 100 ISO film to 200 ISO film doubles the film speed number and is an indication that
200 ISO film is twice as sensitive to light as is 100 ISO speed film. This doubling of the sensitivity of the
film to light indicates that 200 ISO film would result in a 1-stop exposure increase (+1) compared with
using 100 ISO film for the same scene, if all other exposure variables remained the same. Changing
from 800 ISO film to 400 ISO film is a halving of the film speed number, resulting in a 1-stop expo-
sure decrease (—1). All things being equal, if the use of 400 ISO film resulted in a proper exposure for
a particular scene, changing to 200 ISO film would result in a -1 exposure, and changing to 800 ISO
film would result in a +1 exposure.

The different film sensitivities to light are normally a result of different sizes and shapes of the sil-
ver halide crystals within the film’s emulsion. Silver halide crystals are the light-sensitive component
of film. When light strikes a silver halide crystal, it is chemically altered and will become dark when
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processed into a negative. When the film is processed into a negative, the darkened crystals are fixed
on the film, and silver halide crystals that did not react to light are washed away. Very bright light will
cause many of the silver halide crystals to become chemically altered, resulting in a dense negative with
closely spaced dark crystals. Less bright areas of the scene will darken fewer of the silver halide crystals,
resulting in a sparse grouping of dark crystals. The negative, then, represents a reversal of the lighting at
the original scene: Light areas of the scene produce a dark area on the negative; dark areas of the scene
result in a light area of the negative.

Slower speed films, like 100 ISO film, usually have smaller silver halide crystals. With adequate expo-
sures, the result is a dense grouping of dark crystals. This enables the negative to be enlarged greatly
before the individual crystals become noticeable, sometimes referred to as apparent graininess.

Faster speed films, like 1600 and 3200 ISO films, typically use larger silver halide crystal sizes.
Their larger surface area will react to light quicker than the small fine crystals of slow-speed film.
This enables fast films to be used in dimmer lighting conditions. The trade-off is that as the nega-
tives are enlarged, the larger grains become noticeable quicker than slow-speed films. The result
is more obvious graininess and a lack of resolution because fine detail will seem to “come apart”
more readily.

This text will avoid a more thorough discussion of the makeup of traditional films for two main
reasons. First, to accomplish the goal of good crime scene photography, the evidence technician/
crime scene investigator does not need to know the detailed chemistry that is the foundation of
film emulsions. Second, the use of traditional film at crime scenes is declining and will eventually
be completely replaced with the use of digital cameras. As this manuscript is being written, man-
ufacturers of film, photography paper, and film-based cameras are dwindling. The reason is not
that film, photographic paper, and film-based cameras have ceased to be adequate tools for pho-
tography in general. It is that manufacturers are aware that there is a worldwide shift toward digi-
tal imaging, and the business of photography will cater to the marketplace. It is not the quality of
film, photography paper, and film-based cameras that will lead to their eventual demise; it is their
profitability.

If you explore a camera shop, you will see other ISO
film speeds different from the ones listed. You can
also find 1SO 25, 64, 160, and 1000 film speeds.
These are best seen as film speed increments of less
than a full stop, similar to partial shutter speed and
partial f/stop changes.

In the three images of the scissors, all things being
equal, it would be possible to vary the exposure
of a scene or an item of evidence merely by alter-
ing the film speeds used to capture the images (see
Figures 3.33 to 3.35).

FIGURE 3.33 Of course, we did not normally change our selec-
1S0 400. tions of film to intentionally produce a different
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FIGURE 3.34 FIGURE 3.35
150 200. 150 100.

exposure. Exposure changes are much more easily accomplished by changing either shutter speeds or
f/stops. However, it is important to know that film speeds adhere to the same increments of halves and
doubles as do the shutter speeds and f/stops.

Obviously, with digital cameras, traditional film is not used at all (see Figure 3.36). The digital sensor
is now the light receptor, and the image captured by the digital sensor is eventually transferred to some
type of digital memory card (see Figure 3.37). The digital memory card, however, is not the equivalent
of film because it only stores the data captured by the digital sensor. Various digital camera manufac-
turers use many types of digital media. The competition for this niche of the marketplace is intense,
and a favorite or preferred media has not emerged victorious at this time.

However, it is important to note that the digital camera sensor can be rated at various ISO equivalents.
Whereas the ISO of a roll of film locks the film camera operator to that film as long as it is being used,
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FIGURE 3.36 Sample digital storage types. (Courtesy of Craig Wineman, Penn

Sample film types. Camera Manager)
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FIGURE 3.38
1SO film speed set to 400.

a digital camera operator has the vastly expanded
options of changing the ISO equivalent for each
shot if desired. With a digital camera, the photo-
grapher can frequently set the camera to ISO
100 for one shot, ISO 400 for the next shot,
and sometimes ISO 6400, if desired (see Figures
3.38 to 3.40). Digital cameras vary quite a bit
with these ISO selections, so you must be famil-
iar with the capabilities of your specific equip-
ment. The digital camera operator has a distinct
advantage when determining an exposure com-
bination. ISO equivalents are now truly an expo-
sure variable that can be changed as easily as the
shutter speeds and f/stops.

ISO selection, whether real film or a digital equivalent, is usually the first important decision you have
to make about the ultimate exposure. That decision-making process usually proceeds as follows:

At a particular scene, you should access the ambient lighting conditions. Is it bright or
dim? If it is bright, a slow ISO film or digital equivalent can be used. If the lighting is

dim, a faster ISO film or digital equivalent will be necessary. The ambient lighting dic-
tates the use of an ISO film or digital equivalent that will eventually permit exposures

FIGURE 3.39
100 1S0.

FIGURE 3.40
Digital Display: ISO 6400. (Courtesy of
Ron Taniwaki, Nikon Forensic Services.)

with small apertures so that the depth of field will be adequate to
have most of the scene in focus. If not, an electronic flash needs to
be added. The additional light of the flash should be enough light to
enable the use of small apertures for good depth of field.

The shutter speed is selected next. This will usually be 1/60 of a second
because the lens most frequently used at the crime scene will be a 50mm
lens, presuming, for the moment, most are using SLR camera systems.

The scene is composed through the viewfinder, and the camera meter is
activated, usually by depressing the shutter button halfway.

The camera’s reflective light meter then determines the
last element of the proper exposure triangle. With the
camera aimed at a particular scene, the meter now knows
both the ISO setting on the camera and the shutter speed
that have been selected. The meter will suggest an f/stop
that will properly expose that particular scene with that
particular ISO film and that particular shutter speed.

If the preceding four steps begin with an ISO film selection
decision, how is that decision made? When in doubt, rely
on a Cardinal Rule: Maximize Depth of Field. How does this
relate to film selection? At this early stage of the text, several
rules of thumb will be offered.
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RULE OF THUMB 3.1

Outside, during the middle of a sunny day (loosely equivalent to 10 am to 3 pm), select an ISO of 100.

RULE OF THUMB 3.2

Whenever doing examination quality/critical comparison photographs, use an ISO of 100.

RULE OF THUMB 3.3

All other times—early in the morning, late in the afternoon, at night, or when photographing indoors—Ilean toward the use of
an ISO of 400.

Why? Because those film selections will eventually result in the ability to have properly exposed pho-
tographs taken with small apertures that maximize depth of field.

How do you “set” the ISO film speed on the camera? On many lower-end film cameras, rotating a dial
on the camera body sets the ISO film speed.

With low-end film cameras, pulling up on the silver outer ring of the shutter speed dial allows the vari-
ous ISO film speeds to be selected by rotating the outer ring. More modern cameras have an assortment
of buttons or command dials that can be pressed or dialed to select specific ISO equivalents. The older
camera also shows the older ASA rating, whereas now ISO film speeds and their equivalents are used.

For those still using film, it is now usually rated with a DX coding system. DX stands for “data
exchange.” The film canister is marked with 12 areas that are either black or silver, with the silver areas
being electrically conductive (see Figure 3.41). Six data areas are contained in two columns. Depending
on whether the areas are black or silver, different information can be conveyed to the camera.

The DX codes contain three different types of
information:

1. The ISO film speed of the film within
the canister.

2. The number of exposures on that roll of
film.
3. The exposure latitude of the film.

Within the camera body of modern film cam-
eras are six DX code sensors (see Figure 3.42).
FIGURE 3.41 Merely loading the film into the camera enables
Film canisters with black and silver DX codes. the camera’s computer to “read” and set the ISO
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FIGURE 3.42
Film canister DX code and its six respective
camera body sensors.

film speed. Many modern film cameras will also be able to auto-
matically rewind after the last exposure has been taken because the
DX code also provides the number of exposures on the roll of film
being used.

Light

The Amount of Ambient/Existing Light

Ambient light is the light present at the scene. You either work with
it; or, as will be discussed later, you can supplement it with an elec-
tronic flash, alternate light sources, or flashlights. Light is a criti-
cal component in the proper exposure equation. For instance, on
a bright sunny day, you may be ready to take a photograph with
the camera set at 1/60 shutter speed, f/22, and 100 ISO. You have
determined that this exposure combination is proper for the light-

ing of the scene. Then, just before you can trip the shutter, a large dark cloud goes by and covers your
intended subject matter in shade. If you were to take the photograph at that instant, without alter-
ing the exposure settings for the change of ambient light, the resulting photograph would come back
underexposed. The exposure setting was for a fully sunlit scene, but you used that exposure combina-
tion for a scene in shade, resulting in underexposure.

FIGURE 3.43
Sun shadows.

FIGURE 3.44
Sun blocked; scissors in shadow.

So, the changing ambient light is a variable in your expo-
sure calculations. You have minimal control over the ambient
lighting and usually vary the other camera exposure variables
to ensure you will have a proper exposure. You must, how-
ever, be constantly mindful of the ambient light’s ability to
change while you are busy trying to calculate the proper expo-
sure settings.

You can normally alter the ambient lighting in two ways. As
stated previously, you can add electronic flash to the lighting
of the scene. Chapter 5 discusses electronic flash techniques.
A second method by which you can alter the ambient light-
ing of the scene is by intentionally creating a shadow over a
part of the scene. For instance, if you are photographing an
item of evidence in the early morning or late afternoon, the
low angle of the sun may create distracting shadows on the
evidence. As mentioned in Chapter 2, sometimes distracting
shadows can be eliminated. Merely block the sun and expose
for the evidence within a shadow. The evidence now will not
look underexposed; it will look properly exposed, but with-
out shadows (see Figures 3.43 and 3.44).

This ability to block the sun to create a shady area over an
item of evidence or a small area of the crime scene obviously
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will not work on larger areas. Having some lighting control over smaller areas of the crime scene,
however, is an important capability.

The Color of Ambient/Existing Light

Although you do not normally see the different effects that various lighting sources will have on their
surroundings, daylight color film and digital sensors can record these different effects. When the task is
to faithfully capture colors within a crime scene, you should know only two choices of lighting can be
used when using film. Choices with digital cameras will be explained shortly.

RULE OF THUMB 3.4

For accurate color capture, only use either midday sunlight, which is approximately the bright yellow sunlight from 10 am to
about 3 pMm, or use an electronic flash.

Both of these light sources will ensure that various colors within the crime scene were accurately
captured on daylight color film. Other lighting conditions will result in various tints to the scene and
the evidence within the scene.

Shade, Cloudy, Twilight. If the crime scene and the evidence are not lit with the bright midday
sun, the color of the light shifts toward blue. Lacking the bright yellow of the sun, you may still have
sufficient light intensity for a proper exposure with small
apertures, ensuring an adequate depth of field. Although
the amount of light might be adequate, you also have to be
concerned with the color of the lighting. A bluish tint may
ruin an otherwise fine photograph. Worse yet, it may make a
photograph unusable in court because the image is no lon-
ger a fair and accurate representation of the scene as you saw
it. Minor lighting tints, however, can usually be “fixed” in
the wet-chemistry darkroom, with film; and can be corrected
FIGURE 3.45 with digital software, if captured by a digital camera.

Blue tint from shade. Figure 3.45 is not so much underexposed as it is tinted blue
because daylight color film was exposed in a well-shaded area.
The use of an electronic flash for Figure 3.46 captures the true
color of the white handkerchief.

Sunrise, Sunset. Early in the morning or late in the after-
noon, it is frequently easy to see that the sun is tinted a
distinct orange/red rather than its normal yellow color.
This change to the color of the predominant light source
will certainly be recorded on film. Unfortunately, the eye-
brain combination is such an extraordinary compensator
FIGURE 3.46 for minor deviations in lighting that you normally do not
Proper colors with flash. notice this color shift. As you gaze around, things you know
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FIGURE 3.47
Tint from late afternoon sun. (Courtesy of the
Arlington County Police Department, VA.)

FIGURE 3.48
Color correction. (Courtesy of the Arlington County
Police Department, VA.)

FIGURE 3.49
Yellow tint of tungsten light.

to be white are still seen as white, even though an obvious
tint is present. Film, however, will record this change. If
color accuracy is critical to a particular image, it is essen-
tial to use electronic flash to “correct” for the tint produced
by the sun at such low angles. It is always best to capture
the image correctly, even if it can later be “corrected” if an
improper tint should arise.

Figures 3.47 and 3.48 of a police cruiser taken in the late after-
noon demonstrate this effect. The first image by itself may
not look too objectionable until the color-corrected image
is shown adjacent to it. If you are not photographing with
midday sunlight, electronic flash is your only other option
if you wish to capture colors accurately. Despite the fact that
such tints may be corrected in the wet-chemistry darkroom
using filters during the printing process, this text's goal is
to make you a better photographer, not a better darkroom
technician.

Tungsten. When you are taking pictures indoors, the pre-
dominant light source is frequently tungsten light, or ordi-
nary household light bulbs. If electronic flash is not used
indoors, tungsten lighting can produce a yellowish/amber tint
(see Figures 3.49 to 3.50). Whenever indoors, electronic flash
must be used to ensure proper colors are captured. Again,
the ambient lighting may be sufficiently intense for a proper
exposure, but is it the right color of light? No.

Fluorescent. Fluorescent lighting is another indoor light-
ing variation to tungsten lighting. Many businesses and
offices are lit predominantly with this type of lighting.
Although it looks like white light to the eye, many types of
fluorescent tubes lack much of the red component of white
light. Without one part of the normal white light color spec-
trum, the opposite of the color that is absent will tend to
become the predominant color. Opposite red on the stan-
dard color wheel is green. If fluorescent lighting is used to
expose daylight color film, a green tint is the usual result.

Some fluorescent lights will produce an amber tint. Fluorescent lighting does not produce truly accu-

rate colors on daylight color film.

Figure 3.51 was taken under fluorescent lighting. Figure 3.52 was taken with an electronic flash.

Color corrections can be made in a wet-chemistry darkroom with filters used during the printing pro-
cess. Depending on the objectionable tint present on the negative, a contrasting filter can be used
to balance the lighting and produce the proper colors on the final print. Nevertheless, it is better to
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accurately capture the correct color on film in the first place.

Having to make a wet-chemistry darkroom color correction
\: correctly implies that the proper color was not originally cap-
\; tured. Although it is comforting to know slight errors can be

>
>~

corrected later, they are still corrections.

Color corrections can also be made at the time the image is
i captured. Daylight color film could be expected to provide
" ~ accurate colors within the image if, and when, it was exposed
by “normal” mid-day lighting. As mentioned previously, day-
light color film will produce proper colors only if exposed with
either mid-day sun or electronic flash. But, there are a vari-
ety of lighting conditions other than mid-day sun, and some-
times electronic flash wasn't available or was not elected to
be used. At those times, accurate colors could be obtained by
filtering the lens with color correcting filters. Three frequently
encountered lighting variations could easily provide proper
colors with the right color correcting filters.

FIGURE 3.50
Color correction.

With daylight color film, some scenes were captured with a
“warm” tint, or with a tendency toward a yellowish or orange
FIGURE 3.51 tint. This included early mornings and late afternoons. Another
Tint from fluorescent light situation producing yellowing tints was indoor photography
without the use of electronic flash, when the predominant
lighting was household light bulbs. The tungsten filaments
within the light bulbs almost always produced a yellowish
tint on daylight color film. The “cure” for these warm images
was to place a blue, or “cool,” filter over the lens. Most often
recommended was the blue 80A filter. Indoor fluorescent
lighting also had a noticeable effect on daylight color film.
Because many fluorescent tubes produced a “white” light that
lacked red, the opposite color was noticed on the resulting
photographs: A green tint was evident. Filters made for this
FIGURE 3.52 situation looked amber, or “warm.” They restored the color
Electronic flash produces true colors. balance, and the green tint was eliminated. Fluorescent filters
were frequently designated by the letters E FL, or FLD.

At times, the final image would have a distinct blue tint. Several lighting conditions produced these
blue tints, and most are related to a lack of direct sunlight. If the day was overcast, bluish tints were
noticed. If the area captured in the image was in “open shade,” the result was a bluish tint. “Open
shade” means that the sun is currently being blocked and cannot directly strike the area being photo-
graphed. However, if you were to look upward, the bright blue sky was directly lighting the scene. To
eliminate the blue tints, photographers again used “warm” amber filters over the lens; 81B and 81C
filters were used when only slight correction had to be made. Deeper amber filters like 85A and 85B
filters were needed to balance heavily overcast skies and sunless, blue skies.
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If your agency does not provide you with these filters, bring out the trusty electronic flash, and most
tints are no longer a worry.

Digital White Balance. Digital cameras will also render the proper colors of the scene if exposed
with midday sunlight or electronic flash. However, a photographer using a digital camera has more
control over the accuracy of the final colors appearing in the image. Instead of relying on color com-
pensation filters, or color corrections in a wet-chemistry darkroom, when objectionable tints may result
from the wrong type of lighting, the photographer using a digital camera can set the white balanceon
the digital camera so that it is appropriate for the light in which the image is being taken.

You are likely familiar with the concept of white balance, because when camcorders first became popu-
lar, white balance was one of their features.

Digital cameras allow the photographer to set the appropriate white balance for the ambient light.
Figure 3.53 shows a typical set of choices a digital camera menu will offer to the user.

Digital cameras also have the choice of automatic white balance. This setting will provide for proper
colors if, and only if, some object is within the scene that is white, or very nearly white. The auto white
balance setting will attempt to ensure that those white objects in the scene are, in fact, white. If no
white objects are within the scene, the best option is to set the white balance setting for the precise
type of light at the scene. Doing so will ensure the original image is properly colored and eliminate the
necessity to make color corrections in a post-processing software program like Photoshop.

Exposure Latitude and Dynamic Range

In a discussion of film's ability to render accurate exposures, the term exposure latitude needs to be
understood. This phrase has a negative connotation and a positive connotation. Considered one way,
it is restricting. However, another aspect of film can soothe many concerns you may have about making
mistakes when determining the proper exposure setting for any particular crime scene photograph.

DiSplay Mode Film Cannot Capture All the Scene’s
I\ | Auto Details in Extreme Lighting

— - Conditions

B S Dayllght A film’s ability to capture details in a scene

with extreme lighting conditions is limited.

B\ Shade The most frequently encountered extreme

. Cloudy, twilight, sunset lighting condition is found in a scene lit with

strong midday sunlight. Usually, dark shad-

a,,‘\:' Tungsten ows are also present with this type of light-

il : : ing. The camera exposure settings necessary to

A White fluorescent hght properly expose objects in the sunlight will be

& Flash vastly different than the camera exposure set-

tings necessary to properly expose objects in

FIGURE 3.53 the deepest shadows. If it were necessary for

White balance choices. the photographer to photograph two items of
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evidence adjacent to each other, but one item of evidence was directly lit by the midday sun and the
second item of evidence was in a deep shadow, the photographer may not be able to properly expose
both items of evidence at the same time.

Of course, if the photographer were able to take one image of the evidence lit just by the midday sun,
that would be easy. If the photographer could recompose on just the second item of evidence in the
deep shade, that would also be an easy exposure. In both situations, only one lighting extreme would
be present. But if the photographer thought it necessary to include both items of evidence in only one
photograph, because he or she wanted to show the distance relationship between the two items of
evidence, then an exposure problem must be solved.

One of the meanings of exposure latitude is that daylight color film has an inherent inability to properly
expose items within wide extremes of light.

For the sake of discussion, presume for a moment that the item in the sunlit area required an exposure
combination of 100 ISO film, f/22, and 1/60th of a second shutter speed. If those were the exposure
settings used, the item in the sunlight would be perfectly exposed.

tion of 100 ISO film, f/4, and 1/60th of a second shutter speed. If those
were the exposure settings used, the item in the deep shade would be
perfectly exposed.

" \ % - Also presume the item in deep shade required an exposure combina-

If the first exposure combination were used for both items at the same
time, the item in deep shade would be 5 stops underexposed and would
be so dark that it would not be seen at all. If the second exposure com-
bination were used for both items at the same time, the item in bright
sunlight would be 5 stops overexposed and would be so burned out that
it would not be seen at all. Figure 3.54 provides an example, although
not as extreme as some scenes can be. Had a critical item of evidence, a
weapon for instance, been located by the vehicle’s tire, it would be vis-
ible in the first image at the expense of a badly overexposed sunlit area.
In Figure 3.55, where the exposure was determined by the sunlit area,
the weapon would be completely hidden in shadow.

FIGURE 3.54
Exposed for the shade.

The first solution that frequently comes to mind is to consider an expo-
sure setting that will be a compromise and, with any luck, properly
expose both items at the same time. The f/stop midway between f/22
and f/4 is f/9.5. That would be 2'/, f/stops wider than f/22, and 2'/, f/
stops smaller than f/4. Is this really an adequate compromise? No! If
the item in direct sunlight really needed an /22 for a proper exposure,
using an f/9.5 would make it 2'/, stops overexposed. If the item in deep
shade really needed an f/4 for a proper exposure, using an f/9.5 would
g make it 2!/, stops underexposed. Both would be improperly exposed
FIGURE 3.55 in the same photograph. The use of a middle-ground f/stop is not the
Exposed for sunlit grass. solution.




CHAPTER 3 Basic Exposure (Non-Flash) Concepts

Solutions exist, however. One is to use a technique called fill-in flash. This technique will be discussed
at length in Chapter 5. It should be mentioned here that crime scene photographers frequently use fill-
in flash during the daytime. It is the primary method to “even” the lighting extremes when bright areas
of a scene and dark shadows are present in the same area. A second solution to this exposure prob-
lem is to realize that the exposure problem will exist and then to make exposure corrections either in
the wet-chemistry darkroom when film was used or to make corrections when post-processing a digi-
tal image with software programs like Photoshop. Again, it is best to capture the image with a correct
exposure originally rather than to rely on corrections later.

The term dynamic range in digital photography is similar to the term “exposure latitude” in film
photography. Dynamic range refers to the exposure extremes digital pixels can detect and record.
Digital cameras that can detect and capture large amounts of shadow detail and large amounts of
highlight detail at the same time are referred to as having a “high dynamic range.” When there is
more data than the camera’s sensor can capture, either in the shadow or highlight area, it is said that
the resulting image captured has “clipped highlights” or “clipped shadows.” This can be confirmed
by looking at the histogram for the image in question. If details are “clipped” in either the high-
lights or shadows areas, the histogram will show this by a tall line at either end of the histogram.
This indicates there was data present when the image was captured which the digital sensor could
not distinguish, and all this data is now represented as being totally black or totally white. In other
words, this data is lost.

Some digital SLR cameras have better dynamic range than other digital SLR cameras. However, it is gen-
erally accepted that many digital SLR cameras have better dynamic range than digital point-and-shoot
cameras. The reason for this is that the pixels in “full frame sensor” digital SLR cameras are larger than
the pixels in digital point-and-shoot cameras. Why does this matter? During the same exposure time it
would take for the sensor with small pixels to collect highlight detail, without “overflowing” and los-
ing details/data, the camera with larger pixels will be able to collect more details in the shadow area.
The larger pixels will collect or record more data in both extremes of lighting.

Digital SLR cameras, however, still have limits to the extent they can capture all the details of a scene
with both very bright areas and very dark areas.

Best to Overexpose Negative Film

Correcting overexposures on film is actually easier. Sometimes up to 3 stops of overexposure can be
corrected in the wet-chemistry darkroom, whereas correcting 2 stops of underexposure is frequently
the limit for film. This ability of film to have more overexposure than underexposure be corrected has
led many to remember this Rule of Thumb.

RULE OF THUMB 3.5

When you are using negative film, if an exposure error is unavoidable, it is better to overexpose film than to underexpose it.
Overexposed film is more easily correctable.

Because of this, some photographers were in the habit of setting their film cameras with a +1/2 expo-
sure compensation as their “normal” exposure.



The Proper Exposure Triangle

Best to Underexpose Digital Exposures

Does the same apply when using a digital camera? Actually, just the opposite is true. Detail in an over-
exposed digital image usually cannot be salvaged. However, photographers using digital cameras have
a tremendous ability to pull detail out of underexposures. This can be a new Rule of Thumb.

RULE OF THUMB 3.6

If an exposure error is unavoidable, it is better to underexpose digital images a bit. More detail can be obtained from a digital
underexposure than a digital overexposure.

Exposure Corrections in the Darkroom

The positive aspect of exposure latitude is to realize that daylight color film can have exposure errors
corrected in the wet-chemistry darkroom. However, you must understand that these corrections are
limited. Not all overexposures and underexposures can be salvaged in the darkroom. Different ISO
speed films have different exposure latitudes. Check the film manufacturer’s suggestions for each type
of film. There is, however, a Rule of Thumb for the exposure latitude for various film types.

RULE OF THUMB 3.7

ISO 100 speed film can normally be expected to be correctable 400 speed film can normally be expected to be correctable for
for a 2 f/stop overexposure and a 1 f/stop underexposure. ISO a3 f/stop overexposure and a 2 f/stop underexposure.

These limits apply to high-volume, next-day film processors. A professional laboratory may be able to
correct further extremes of overexposures and underexposures.

The exposure latitude is more restricted when a digital camera is used. Digital overexposures and under-
exposures are more difficult to correct with digital software. When using a digital camera, you need to
be more accurate with exposure calculations. Of course, the ability to instantly see the results of each
image captured frequently assures you a “proper” exposure can be captured with the next shot.

Globally Increasing or Decreasing Exposures

Exposure corrections can be applied to the entire image at the same time. Wet-chemistry darkroom
personnel have the ability to project different amounts of light through negatives onto light-sensitive
paper. Both shutter speeds and apertures control the amounts of light, just as the camera operator varied
these controls when capturing the original image. If a photographic print (photograph) were properly
exposed by projecting light through the negative for 1/60th of a second with an /8, then changing
either the shutter speed or f/stop on the enlarger holding the negative would change exposures just as
when the film was originally exposed. If the negative were 1 stop overexposed, the dark room opera-
tor could let less light through the negative onto the photographic paper to create a properly exposed
print. If the negative were 1 stop underexposed, the dark room operator could let more light through
the negative onto the photographic paper to create a properly exposed print. The entire print would
show the results of these exposure changes uniformly across the whole print.

The same can be done with digital imaging software when adjusting the exposure levels of digital
images. More or less light can be added to the entire image as desired.
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Burning and Dodging Selected Areas of an Image

At times, the entire image may not suffer from a uniform exposure problem. Only isolated areas of
the image may be improperly exposed. In these cases, it is possible to improve the exposure of just
these small areas. The area of the print requiring a more “normal” exposure can receive that amount
of light.

Areas of the negative that were originally underexposed require more light for a proper exposure. After
the “normal” exposure of the entire print, the areas previously underexposed can receive additional
light, while the rest of the image is masked so it does not receive too much light. This is called burning.
It adds light to, or burns, areas previously underexposed.

Areas of the negative that were originally overexposed require less light for a proper exposure. During
the “normal” exposure of the entire print, the areas previously overexposed can be masked for a part
of the normal exposure. This is called dodging. Light is held back, or dodged, from areas needing less
light than the print as a whole.

Digital imaging equivalents of burn and dodge can be made with digital software. Selected areas of an
image can be lightened or darkened as desired.

This ability to correct improperly exposed negatives should not make you lax when the original expo-
sure is determined in the field. The most carefully exposed negative, or digital image, will yield the best
print. It is better to be able to determine the proper exposure at the crime scene than to be able to cor-
rect mistakes in the wet-chemistry darkroom or with digital software. Most would agree that the ideal
situation is to become a better photographer and determine the correct exposure when the image is
originally captured, rather than become a better technician, able to later correct the exposure mistakes
made at the crime scene. Knowing minor corrections can easily be made is, however, enormously com-
forting to most.

SHUTTER SPEED AS MOTION CONTROL
Motion Control to Eliminate Blur

Generally, three types of movement can be controlled by an appropriate shutter speed:

Photographer body movement
Subject motion
Camera movement

Photographer Body Movement

If the camera is moved during an exposure, the photograph can be blurred. One type of camera move-
ment can be a result of simply holding the camera improperly. The camera needs to be braced prop-
erly to eliminate as much camera movement as possible. Of course, you will be holding the camera
with two hands. The right hand holds the right side of the camera body, with the index finger ready
to depress the shutter button. The left hand normally cradles the bottom of the camera, with the left
thumb and index finger available to either rotate the focus ring, change focal lengths on a zoom lens,
or to rotate the f/stop ring.
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Frequently, three other methods can be used to steady the camera. Rather than having your elbows extended
from your body, they need to be tucked in close to your chest. They act like a bipod to help steady the cam-
era. In addition, you usually steady the camera somewhat by bringing it in close to your face and making
contact with your brow or forehead. Although some are not keen on this, frequently the camera is also
making contact with your nose. Many are not consciously aware this is done until they notice nose oils on
the back of the camera or LED screen. The more methods used to steady the camera the better.

A proper choice of shutter speeds can eliminate the blur that can still result from hand-holding the
camera. As steady as you might think you can hand-hold a camera with the preceding techniques, you
cannot eliminate the movement of your heartbeat. You may be able to hold your breath, but you can-
not stop your heart from beating during the exposure. Believe it or not, the beat of your heart is enough
to blur a photograph. Fortunately, you can compensate for this movement by the proper selection of a
shutter speed, which forms another Rule of Thumb.

RULE OF THUMB 3.8

To eliminate possible blur from hand-holding the camera, use the shutter speed that is the closest to the focal length of the
lens on the camera, inverted into a fraction.

For instance, if the camera had the standard 50mm lens mounted on it, 50 inverted into a fraction
would be 1/50th. Therefore, using the shutter speed that is nearest 1/50th of a second, or faster (if not
exactly, then the next fastest shutter speed), would effectively eliminate the possibility of blur from
hand-holding a camera with a 50mm lens mounted on it. The closest shutter speed to 1/50th is usually
1/60th. Therefore, a shutter speed of 1/60th effectively eliminates the blur that can result from hand-
holding a camera with a 50mm lens on it.

Wide-angle lenses, however, do not follow this rule; 1/60th is normally the slowest shutter speed rec-
ommended when hand-holding a 35mm camera, even with a wide-angle lens on it. Some professional
photographers brag about being able to hand-hold a 35mm camera while using a 1/30th shutter
speed. Do not be swayed by their bravado. Adhere to the Rule of Thumb. Crime scene photography is
too important to risk blur because of an ego problem. Therefore, resist the urge to use a 1/30 shutter
speed if you are using a 28mm lens on your camera.

Telephoto lenses, however, do follow the rule.

Consider the situation in which you will be hand-holding a camera with a zoom lens set to an 80mm focal
length; 80 inverted into a fraction would be 1/80th. The closest shutter speed to that is 1/90th, which is '/,
stop between 1/60th and 1/125. If your camera does not have shutter speeds in '/,-stop increments, you
would have to use 1/125 as the shutter speed to hand-hold a camera with an 80mm lens on it.

Hand-holding a 100mm lens requires a shutter speed of 1/100, if your camera has it; 1/125 if your
camera does not have the option of a 1/100.

If you are using a 300mm lens on the camera, you must select a shutter speed of 1/300th, or faster, to
avoid blur from hand-holding the camera with that lens on it. Some cameras have a 1/350 halfway
between a 1/250 and 1/500. If not, then you would have to use the 1/500th shutter speed.
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Hand-holding a 500mm lens would then require a shutter speed of 1/500th.

If, for some reason, you cannot use the focal length of the lens converted into a fraction as your shutter
speed, the other alternative to hand-holding the camera is to mount the camera on a tripod. With the
camera mounted on a tripod, movement of the camera is virtually eliminated, and thus slow shutter
speeds can be used without blurring a photograph. With the camera mounted on a tripod, some cam-
era movement may still occur when the shutter button is depressed. If you want to avoid this, one of
two solutions is usually recommended when the camera is on a tripod.

First, use a remote shutter release cable, as mentioned previously. A remote shutter release cable enables
you to trip the shutter by depressing the button/plunger at the end of the cable. This mitigates the
shock of depressing the shutter, and any associated vibration is absorbed in the length of the flexible
cable. No camera movement means no blurred images from camera shake.

Many modern cameras also have a delayed shutter release, usually with a choice of delay times.
Frequently, a 10-second shutter delay is set on the camera. In this case, depressing the shutter button
directly does not adversely affect the image. If any camera movement was associated with the depres-
sion of the shutter button, that movement is dissipated during the 10-second lag time between the
depression of the shutter button and the shutter actually tripping 10 seconds later. Many cameras also
have a 2-second shutter lag time option.

Whenever a camera is mounted on a tripod, it is recommended that one of these features be used. Directly
depressing the shutter button can result in a blurred image, even if the camera is mounted on a tripod.

Subject Motion

At times, unavoidable motion will be present within the camera’s field of view, and it is essential to be able
to recognize the people or vehicles in the resulting photographs. Such is the case with surveillance photo-
graphs, when the subject(s) of the surveillance will be moving. It also becomes important if the assign-
ment is to photograph a battered child, who will not sit still at your request. Usually, at crime scenes and
accident scenes, the scene and evidence within the scene are static, and subject movement is not an issue.
But, when it is essential to freeze the motion of anything moving within the scene, knowing how to solve
this problem is critical. At an accident scene, for example, victims may be in the process of being removed
from the scene by medical personnel. As they are being wheeled away from the scene, you may want to
capture an image or two of their apparent injuries. If their treatment is critical, it would be improper to
delay their removal from the scene, so you must “grab the shot” while you walk alongside the moving
gurney. With the proper shutter speeds selected, even these kinds of motion can be stopped or frozen.

Consider these recommendations for motion control:
Normally . . .

1/125th will “freeze” a walker, enabling the face to be recognized.

1/250th will “freeze” a jogger, or someone running, or jumping.

1/500th will “freeze” a bicyclist or a slow-moving vehicle (up to about 30 mph).
1/1000th will “freeze” a vehicle going approximately 60 mph.

1/2000th will “freeze” an airplane powered by propellers (see Figure 3.56).
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FIGURE 3.56
Shutter speeds “freezing”
motion.

Of course, fast shutter speeds can freeze motion. Although this point will become clearer in Chapter 5,
the use of electronic flash could also freeze subject movement. The upset battered child, bouncing
around on a mother’s lap, can effectively be frozen in place with electronic flash. Fast flash durations
are the reason, and this facet of electronic flash will be covered in Chapter 5.

Another photographic technique can aid in the “freezing” of motion. That is panning. “Panning” is the
term applied to the photographer’s tracking the subject’s movement with the camera: in other words,
moving the camera to keep the subject in the field of view while the subject is moving. Sports photog-
raphers use this technique in their attempt to capture dynamic motion, while at the same time being
able to recognize the athlete diving for a touchdown, arcing over a high bar, or stretching toward the
finish line.

This technique is less successful when used for law enforcement purposes. Although this technique
will generally ensure that the moving subject is recognizable, because the camera is moving during the
exposure, the background will also be blurred. If it is necessary to recognize the subject and to recog-
nize the building he or she is entering or exiting from, panning is less successful.

When a photographer is doing moving surveillance, camera motion is unavoidable. Consider the sce-
nario when a suspect will be meeting with known felons in an area also known for its high crime rate.
It would be possible to photograph both subjects and the scene with the photographer in the back seat
of a vehicle as it drove by. In this case, it would be necessary to have selected a shutter speed sufficient
to freeze the motion of the car and the camera within the car.

USING SLOW SHUTTER SPEEDS TO ELIMINATE RAIN AND SNOW

Slow shutter speeds emphasize the blur caused by movement within the field of view. At crime scenes
and accident scenes, the last thing you normally want is blurred images. Blur can ruin a photograph,
and it can make the photograph ultimately inadmissible in court as evidence. However, there is one
circumstance in which a slow shutter speed is actually a benefit to law enforcement photography.
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When a photographer is photographing a scene in bad weather, it is possible to “freeze” the raindrops
or snowflakes with appropriately fast shutter speeds or with the use of electronic flash. This would cer-
tainly document the fact that it was, indeed, raining or snowing at the time photographs were taken.
However, these same raindrops or snowflakes would make it difficult or impossible to see the scene
very clearly, and the evidence within the scene may also be obscured. If a slower shutter speed is used,
the “frozen” raindrops and snowflakes will be captured as blurs. These blurs also effectively mask the
scene, and the evidence within the scene.

With a shutter speed that is slow enough, the raindrops or snowflakes can be intentionally blurred
so much that they cease to be captured on the sensor. During a long exposure, what is consistently in
the field of view, in the same location, during the entire exposure will be captured on the sensor. But
individual raindrops or snowflakes will not be in the field of view long enough to be recorded by the
sensor, so the result is a scene without the rain or snow.

In these situations, it is recommended that at least one image be taken that does document the fact
that it was raining or snowing at the time. The snow, for instance, may be a contributing cause of an
accident. Or, it may affect a witness's ability to see what he or she is reporting to have seen. Crime
scene photographers should never allow their photography to be accused of misrepresenting the scene.
However, once the fact that it was raining or snowing has been documented, it is no longer necessary
to capture the rain and the snow in every remaining photograph. From then on, it is just necessary to
document the scene and the evidence within the scene, and the raindrops and snowflakes can then be
considered some sort of visual contaminant between the camera and the scene.

For instance, if a tree branch were obscuring the scene from the point of view of one witness, it would
certainly be necessary to take a photograph from the witness’s point of view, with the tree branch
blocking the view. Thereafter, to document the scene and the evidence, the photographer would choose
viewpoints avoiding the tree branch.

Some jurisdictions have large tarps available to cover outdoor crime scenes during inclement weather.
Just as it is understandable to protect the crime scene from the deterioration that can be caused by bad
weather, so, too, being able to photograph the crime scene without the bad weather interfering with an
unobstructed view of the scene and the evidence within it is a distinct advantage.

Practical experiments have shown that shutter speeds in the 2 to 3 second range normally effectively
eliminate rain and snow from the image. Such slow shutter speeds obviously require the use of a tri-
pod; otherwise, the scenes themselves will be blurred as well. These slow shutter speeds also let in an
enormous amount of light. It can be quite bright even while it is raining or snowing. Sometimes, even
when using a slow speed film equivalent, like 100 ISO, and using the smallest aperture the lens has,
like an f/22, the camera’s exposure meter may indicate overexposure if the image is captured without
any further adjustments.

How can you avoid an overexposure in these situations? One answer is to use “sunglasses” over the
lens, just as you would personally use sunglasses at any bright outdoor scene. For the camera lens, these
“sunglasses” are filters. Two types of filters may help in this situation.

One type of filter that can block some of the light coming in through the lens is a neutral density
(ND) filter.
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Such filters are usually available in three increments.
Neutral density filters typically come with the abil-
ity to block precisely 1 stop of light, 2 stops of
light, or 3 stops of light. Depending on the level of
overexposure present at the scene, the appropriate
neutral density filter can be selected as required.
Neutral density filters do not affect any colors
within the scene; they merely reduce the overall
lighting in precise increments.

Notice how the 2-stop ND filter in Figure 3.57 reduces
the overexposure behind the lens. A ND filter block-
ing 1 stop of light is usually designated by eithera 0.3

FIGURE 3.57 or a 2x; 2 stops of light reduction are designated by
A 2/stop, 0.6, neutral density filter reducing the light behind the 0.6 or 4x; 3 stops of light reduction are designated
filter. by 0.9 or 8%, depending on filter manufacturer.

Another filter that may be used in similar situations is the polarizer
filter The primary use of a polarizer filter is to eliminate reflections from
windows and water and to eliminate glare that may hide the actual colors

present at the scene (see Figure 3.58). These aspects will be covered in a

subsequent section on filters. Polarizer filters, however, also uniformly

reduce the light coming through the lens. Depending on the degree of
rotation of the polarizer filter, the degree of light eliminated by the filter
can vary from 1.3 stops to 2 stops of light. Therefore, if a rainy or snowy
scene is currently overexposed by 1.3 to 2 stops, the polarizer will work

FIGU?‘E :,’"58 ‘ , nicely to provide a proper exposure.
A polarizer filter reducing the light
behind the filter. Therefore, if using a 100 ISO equivalent with the camera’s smallest f/stop

and a 2-second shutter speed still results
in an overexposure, adding an ND filter
or polarizer filter to the lens may reduce
the light striking the film sufficiently to
provide a proper exposure. This expo-
sure combination has the additional
benefit of eliminating the snow as it is
falling (see Figures 3.59 and 3.60).

If your digital camera has an ISO
equivalent of 50, switching to this set-
ting would also help avoid the over-
exposure. Many times, this author still
forgets that this exposure control is
available, since during his career in the
FIGURE 3.59 field, 100 ISO film was the slowest ISO
Original snowy scene. (Courtesy of Melanie Towers, GWU MFS student,) option available.
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RECIPROCAL EXPOSURES

The purpose of Figure 3.61 is to explain
why a variety of f/stop and shutter speed
combinations result in the exact same
exposure. Changing one of the expo-
sure variables is permissible if the other
exposure variable is also changed to
balance the first adjustment. Increasing
one exposure variable by 1 stop is bal-
anced by decreasing the other exposure
variable by 1 stop. Increasing one expo-
sure variable by 2 stops is balanced by
decreasing the other exposure variable
by 2 stops.

FIGURE 3.60
Snow eliminated with 2-second shutter speed. (Courtesy of Melanie Towers, Figure 3.61a is designed to be copied
GWU MFS student.) from the text and cut vertically down

the middle through the middle hash
mark.? This will allow you to align different shutter speeds with different f/stops. After any one pairing
of shutter speeds and apertures has been aligned, all the other pairings of shutter speeds and f/stops
are also reciprocal exposures for a particular lighting condition.

Notice in the shutter speed continuum, the 60 is shown in italics, and in red. This is an indication that
a shutter speed of 1/60th of a second is the primary shutter speed to be used when hand-holding a
35mm camera with a 50mm lens on it; 1/60th of a second should be considered the primary shutter
speed used at crime scenes.

Notice in the f/stop continuum, the f/stops 8, 11, 16, and 22 are enclosed in a rectangle. This is an indi-
cation that these f/stops produce the best depth of field of all the f/stop choices and should be regarded
as the most frequently used f/stop selections. F/stop numbers and their relationship to depth of field
will be revisited at length in the next chapter. For now, however, consider this. Because most crime
scenes are relatively static, with the crime scene and the evidence within the crime scene fixed in place,
the need to control motion is usually secondary to the need to maximize depth of field. Because most
of the photos at the crime scene will be taken with a 50mm lens, 1/60th of a second is the optimal
shutter speed to use with that lens. Because it is important to have the best depth of field range when
photographing the crime scene and the evidence within it, you will want to use the smallest apertures
as much as possible.

If both are true, and they are, then a new Rule of Thumb for crime scene photography exposures can
be developed.

2Figure 3.62a is also found on the companion website (http://books.elsevier.com/companions/9780123757289). Print the figure, and cut it down
the middle.
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Reciprocal Exposures

The same exposure may be obtained from a variety of different exposure settings. A smaller aperture may

be used as long as a longer corresponding shutter speed is used. A wider aperture may be selected as long O

as a corresponding shorter shutter speed is used. Each change in apertures either halves (with smaller

apertures) or doubles (with wider apertures) the light allowed to reach the film. Each change in shutter

speeds either halves (with faster SSs) or doubles (with slower SSs) the light allowed to reach the film.

Selecting an exposure that halves one variable while doubling the other variable results in the same

exposure. Why alter exposure settings? To maximize DOF with smaller apertures, or to freeze motion

with faster shutter speeds.

In the below example, F-2.8, 1/2000 would be an excellent choice to freeze motion;

while F-16, 1/60 would be the best selection to maximize DOF while still being O

able to handhold a camera with a 50mm lens.

However, all seven combinations would result in good exposures under

the same lighting conditions
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FIGURE 3.61B
(a and b) Various combinations of shutter speeds and /stops.

If you are about to depress the shutter button, and this condition does not exist, you should consider
altering your exposure combination until one of the Rule of Thumb exposure recommendations is
achieved.

RULE OF THUMB 3.9

To the extent possible, most crime scene images should be captured with a shutter speed of 1/60th of a second in combination
with one of these four f/stops: /22, /16, f/11, and /8.

As an example, consider a situation in which you are about to use a 1/125th of a second shutter speed
and an f/11. Aligning the 125 and 11 on Figure 3.61a shows all the other reciprocal exposures possible
for the same crime scene lighting conditions. These include: 30 and 22, 60 and 16, 125 and 11, 250 and
8, and 500 and 5.6, among others. The Rule of Thumb recommendation would be 60 and 16. What is
the effective difference between the 125 and 11 and the Rule of Thumb recommended 60 and 16? Both
will result in the same exposure. The /16, however, will produce a better depth of field than the f/11
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would. Why use an exposure combination that will produce less depth of field? Use the Rule of Thumb
and change the exposure to 1/60 and f/16.

Sometimes you may become confused by a camera’s design, which indicates only one exposure combi-
nation at a time. What is critical to remember is that even if the camera’s metering system indicates one
exposure combination is proper for a particular scene, many other exposure combinations will pro-
duce the exact same exposure value. You must choose wisely from these various possibilities to achieve
your desired results. This is the theory of reciprocity: For every photo opportunity there are multiple
exposure combinations to choose from.

This choice should be deliberate, not arbitrary. You should have a reason to choose one combination
over the other. How do you choose? You must decide what you want the photograph to look like: Do
you want a long depth of field or a short depth of field; do you want to freeze motion or have the image
show creative blur?

Reciprocity Failure
Sometimes, the theory of reciprocity does not work.

Merely doubling the shutter speed time and halving the aperture opening or halving the shutter speed time
while doubling the aperture opening does not always result in a proper exposure when the extremes of shut-
ter speeds are used. Because the chemical makeup of film emulsion cannot handle either very long dark
exposures or short bursts of very bright light, problems usually occur at shutter speeds longer than 1 second
and faster than 1/1000th second. A tendency toward underexposure occurs at both extremes. To compensate
for this underexposure, follow these guidelines if you are using either very fast or very slow shutter speeds.

The following guidelines are just that: guidelines (see Table 3.1). Different film will react differently. The
best results come from testing a particular film in the situation you anticipate needing to use it. Then,
and only then, will you be confident in your results.

When would such situations occur? The need for long shutter speeds occurs when the ambient light-
ing is dim. In most of these situations, however, all you practically need to do is add electronic flash.
When electronic flash is used, the necessary shutter speeds are very short. This will be elaborated on
more in Chapter 5.

However, the use of electronic flash will not be the answer at all times. This text will cover several situ-
ations when long shutter speeds are required. For instance, when you are photographing bloody resi-
dues enhanced with the blood reagent luminol, shutter speeds in the 45-second to 90-second range
are typical. When you are fluorescing trace evidence with an alternate light source (ALS), long shutter
speeds may be required to capture the dim fluorescence adequately.

Reciprocity Failure Corrections

If the indicated shutter speed is 1 sec, adjust the exposure by +1 stop.

If the indicated shutter speed is 10 sec, adjust the exposure by +2 stops.

If the indicated shutter speed is 100 sec, adjust the exposure by +3 stops.

If the indicated shutter speed is 1/1000th sec, adjust the exposure by +1 to +2 stops.
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Extremely fast shutter speeds are necessary to “freeze” very fast motion. Fortunately, it is not frequently
necessary to “freeze” a suspect flying by in a plane so that his or her face can be recognized. Fast shutter
speeds are also necessary to properly expose brightly lit scenes. In this situation, the proper combina-
tion of slow speed film and small apertures is usually all the exposure adjustment that is required.

Do digital cameras also suffer from reciprocity failure? No. Reciprocity failure is a result of a film emul-
sion’s inability to provide for proper exposures with long shutter speeds, usually longer than 1 second.

With long shutter speeds, many digital cameras do have a well-known problem, although it is not
called reciprocity failure. The problem is called dark noise.

When a digital sensor is exposed for long time intervals in dim lighting situations, the result is often a
“grainy” appearance to the image, where individual pixels are not properly recording colors and light
levels accurately. Rather than smooth, evenly toned surfaces, the “noisy” digital image appears speckled
with odd random colors.

Figures 3.62 and 3.63 were taken with a digi-
tal camera in an almost completely dark room. A
shutter speed of 7 minutes was required to obtain
both images. Figure 3.62 was taken “as is.” It clearly
shows the speckled “noise” that affects many digi-
tal cameras used with long shutter speeds. Figure
3.63 was taken with a camera with a program called
automatic noise reduction. The camera’s computer
can recognize “noise” and fix much of it. The effects
of both are more clearly seen with blowups from
each image (see Figures 3.64 and 3.65).

The automatic noise reduction program has a great
effect on the final product. Although the “noise”
has not been completely eliminated, the images
with automatic noise reduction are clearly superior
to their “noisy” counterparts. There can be, however,
too much of a good thing. Applying too much noise
reduction to an image can degrade the image, or make
the image appear a bit “softer” than you would like.
Noise reduction levels should be applied with care.

FIGURE 3.62
Noisy: 7-minute exposure.

THE REFLECTIVE LIGHT METER

The Light Standard: The 18% Gray
Card

Some images will be properly exposed, some will be

eSS underexposed, and some will be overexposed. This
FIGURE 3.63 is easy to see when looking at photographs. But how
Seven-minute exposure with automatic noise reduction. does the reflective light meter in the camera “know”
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FIGURE 3.65

FIGURE 3.64 Crop from Figure 3.63 with automatic noise reduction.

Crop of Figure 3.62

that the f/stop and shutter speed selected allow the right amount of light to enter the camera? Most SLR
cameras have light meters that measure the amount of light being reflected into the camera, but what
standard is used to determine whether this amount of light is just right, not enough, or too much?

Figure 3.66, which shows an 18% gray card, is the standard. Many shades of gray exist. Only a gray card
that reflects precisely 18% of the light that strikes it is the standard. This particular shade of gray is used
because the real world, considering its light shades and dark shades and the various colors found in a
“normal” scene, typically reflects 18% of the light that strikes it toward the camera.

Any authorventuringinto an explanation of reflected
light meters and the 18% gray card would do well
to at least briefly acknowledge Ansel Adams’s Zone
System, formulated in 1939-1940. Because this
method is often thought of as being an extremely
technical and confusing way to determine proper
exposures, a simplified selection of relevant ideas
will be presented here. Consider a continuum from
absolute black to pure white, with various shades of
gray in between, where each gradation on the con-
tinuum is precisely 1 stop more or less light from an
adjacent tone. An 11-step scale will be formed, with
absolute black represented by the value 0 (zero)

- : and pure white represented by X (Roman numeral
FIGURE 3.66 ten). The shade or tone in the center would then be
A standard 18% gray card. (The #429 is the author’s old badge ~ Zone V, which is a shade of gray that matches the
number,) 18% reflectance gray card. This is the tone reflective




CHAPTER 3 Basic Exposure (Non-Flash) Concepts

meters are designed to meter for. Ansel Adams further describes what he calls “a ‘normal’ range subject.
When a reading from the important shadow area is placed on Zone III, the middle-gray value falls on
Zone V, and the light surface on Zone VII. . . . Thus the exposure indicated . . . will yield a full-range
negative” (Adams, 1989, p. 52). A full-range negative is produced when the scene is balanced. Mid-gray
subject matter is present, with both bright and dark areas present in the same scene. The exposure for
this scene would be the same as the exposure for the 18% gray card totally filling the frame.

Camera manufacturers know they will not survive long if they sell cameras that do not produce accept-
able results most of the time. After extensive testing of myriad scenes reflecting differing amounts
of light, it was determined that the “normal” scene at which camera owners would likely aim their
cameras was a scene reflecting approximately 18% of the light that struck it. The18% gray card, then,
is a substitute for a “normal” scene.

If you were to become confused by the variation of objects within any particular scene and were unsure
whether the scene was “normal,” to ensure a proper exposure was obtained, you could use an 18% gray
card as a scene substitute. In other words, the camera can be aimed at the 18% gray card, and a meter
reading can be obtained from it.

An imaginary scene can provide an example. Consider, for instance, a sunny outdoor scene around
noon. You would typically load 100 ISO film into the camera or set ISO 100 as the “film” choice on a
digital camera. If using a 50mm lens, set the shutter speed to 1/60th of a second. Then, compose the
camera so the 18% gray card totally fills the frame. Ensure the 18% gray card is lit like the scene in
question. In other words, if the crime scene is sunny, ensure the 18% gray card is sunlit; if the crime
scene is shady, have the 18% gray card be covered with the same degree of shade. Finally, depress the
shutter button halfway and take a meter reading to determine the necessary f/stop. Set the camera for
that f/stop, compose, and focus on the real crime scene, and a proper exposure should be the result.

Light Meters

Thirty-five mm SLR cameras typically have reflective light meters built into them, designed to meter/
measure the amount of light reflected from the scene through the lens into the camera. The reflective
light meter is inside the camera body, near the sensor, so it can properly determine the amount of light
required to properly expose the image.

Many professional photographers, although not any of the crime scene photographers this author has
known, will use an incident light meter to determine the lighting required for a proper exposure. This
is a hand-held meter that the photographer will hold near the person or object being photographed.
It is designed to measure the amount of light falling on the subject rather than the light reflected
from the subject toward the camera. An incident light meter is very precise in controlled situations,
where the photographer can stage a variety of lights at different distances and at different intensities
to achieve the desired effect. At crime scenes or accident scenes, it is normally too impractical to con-
sider multiple lighting situations.

Several kinds of reflective light meters are available in SLR cameras. Lower-priced, student cameras will
frequently have only an averaging or center-weighted meter. As the cost of the camera body goes up,
usually the camera will feature other metering options.
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Averaging/Center-Weighted Meters

Averaging/center-weighted meters measure most of the light coming in through the lens, emphasizing
the light from the center of the area of view, because that is where most people place the important
aspects of their photographs (see Figure 3.67). When a photographer is taking a meter reading, only
the light coming in from the area shown by the ellipse will be considered in determining the meter
reading. Most cameras, even if they have other meter options, will have this metering option.

Spot Meters

Spot meters measure only the light reflected from a very
small area of the center of the viewfinder (see Figure 3.68).
As a result, the photographer can be very specific about what
area of the photograph he or she wants properly exposed,
disregarding the rest of the scene. For example, imagine try-
ing to properly photograph an actor on a stage. Some areas
of the stage may be brightly lit, and other areas of the stage
FIGURE 3.67 may be very dim. Should these areas be considered when the
Center-weighted meter. concern really is only with the light reflecting from just one
particular actor? In this situation, a spot meter would be very
useful to determine the light being reflected from just one
part of the overall scene. The crime scene equivalent to this is
surveillance photography. Other aspects in the field of view
may be irrelevant, so by placing the spot meter only on the
o subject of interest, just the light reflected from the subject
will be calculated into the exposure reading. Light extremes
around the periphery will be ignored.

Different cameras have spot meters of various sizes, but the

FIGURE 3.68 size of the spot meter is usually indicated in the viewfinder,
Spot meter. so the photographer can place it carefully where needed.
Matrix Meters

Various matrix-metering systems exist, some-
times with elaborate geometric configurations,
which break up the light coming in through
the viewfinder into a series of grids and assign
different values to the light coming in from the
various grids (see Figure 3.69).

These systems are a result of very extensive
research and development and are usually
found on only the higher-priced cameras. A
mini-computer in the camera uses very com-
FIGURE 3.69 plex algorithms to “weigh” the differing
Matrix meter. amounts of light coming in from the various
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grids. For instance, if the grids in the center of the viewfinder received very limited light reflection and
several very bright grids were in one of the upper corners, the computer would recognize that situation
as a person in the center of the viewfinder being backlit by the sun or moon in the distance and recom-
mend an exposure designed to properly expose the dimly lit center of the viewfinder. Matrix metering
systems produce very accurately exposed photggraphs. If a camera has a matrix-metering system, it is
normally preferred as the standard metering system.

“NORMAL"” AND
“NON-NORMAL” SCENES

As stated previously, the reflective light meter built into the SLR camera body is designed to provide
proper exposures for scenes that reflect 18% of the light that strikes them back toward the camera.
These can be considered “normal” scenes. Reflect on those occasions when you have usually taken
photographs outside your work environment. These include taking photos of family gatherings, vaca-
tions, loved ones, pets, and so on. What about them makes them “normal” scenes? They contained a
variety of colors and objects that were both black and white and gray. White objects reflect a lot of light,
black objects reflect little light, and gray objects reflect some degree of light in between the extremes.
Colors also reflect a variety of light intensities. When thrown into one scene, the average of the light
reflected back from a “normal” scene toward the camera is 18%.

“Non-normal” scenes reflect more or less light than the typical 18% that SLR camera meters are
designed to deal with. The average photographer encounters these types of scenes less frequently. In
these situations, the exposure results can sometimes be less satisfactory. You may notice in these situa-
tions that your images came back a bit overexposed or underexposed. Why?

Imagine how a reflective light meter “thinks.” Designed to provide proper exposures for a scene that
reflects 18% of the light that struck it, when the situation in fact does reflect that amount of light, the
reflective light meter balances the four exposure variables: shutter speed, f/stops, film speed (or digital
equivalent), and the light reflected from the scene. A proper exposure is the result. When the camera
knows the ISO rating of the film within it, it knows the shutter speed selected by the photographer, and
the camera is composed on a “normal” scene reflecting 18% of the light striking it into the lens, the
meter determines the necessary f/stop for a proper exposure. The f/stop recommended completes the
four essential elements of the proper exposure triangle. This is what occurs at a “normal” scene.

Remember, however, that each of the four exposure variables comes in 1-stop increments. For example,
a 1/60th shutter speed can also be changed to 1/30th (+1) or to 1/125 (-1). An f/11 can be changed
to f/8 (+1) or f/16 (-1); 400 ISO also comes in 200 ISO (-1) or 800 ISO (+1) variants. Although “nor-
mal” scenes reflect 18% of the light striking them, other scenes reflect 36% of the light (+1), and some
scenes can reflect just 9% of the light that strikes them (-1).

Now consider a “non-normal” scene. Consider the situation in which it has been snowing and your
children have just successfully built their first snowman of the winter season. As a proud parent, you
must document the achievement with a photograph. As the children stand around the magnificent
snowman, you fill the camera frame with a scene that is predominantly white. Naively, you trust the
camera metering system and use the recommended f/stop to take the photograph with your SLR.
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The result comes back improperly exposed. Your first inclination is to accuse the film developer of

incorrectly exposing your perfectly exposed negative. If you return to the film processor and make
this complaint, after several minutes of reprocessing your negative, the film processor will probably
provide you with a print that looks “properly” exposed. You smile to yourself, feel vindicated in your
original assumption the processor botched the original exposure, and leave happily knowing you are,
in fact, the camera expert you have always thought you were.

Are you correct on either count? Had your original exposure been the right one? Had the processor
incorrectly processed your correctly exposed negative? No. No. And, no.

Consider your original exposure first. Presume, for the sake of argument, that white snow reflects
approximately 80% of the light that strikes it. Here is what the camera meter encountered:

X(ISO film) Y(shutter speed) Z(scene reflectivity (80%)).

If meters could talk, this it what it would have said to itself: “Something is wrong. This is not what I am
designed to deal with. I am receiving too much light. I am not sure whether this is because the ‘normal’
scene is lit with too much light or whether the scene itself is reflecting more light than normal. How
should I resolve this dilemma? I will presume the photographer is aiming the camera at a ‘normal’
scene that happens to be lit by an unusual amount of light. I will, therefore, provide a proper exposure
for this particular scene as if it was a ‘normal’ scene lit with a normal amount of light; 80% is too much.
I know exposure stop increments are expressed as halves and doubles. Half of 80% is 40%. That is still
too much light. Half of 40% is 20%. That is close enough to 18%. I will recommend an f/stop to the
photographer that in effect underexposes the scene by 2 stops. That will be the proper exposure for a
‘normal’ scene lit ‘normally’ That will prove I can be trusted to perform as designed.”

The “-2 f/stop” is an f/stop that is 2 stops smaller than would have been appropriate for a “normal” scene lit
“normally.” The result is an underexposed negative. How much underexposed? Two stops underexposed.

If a film processor “correctly” prints this underexposed negative and the result is an underexposed print,
has the processor made a mistake? Technically, no. In this scenario, however, a complaint was made,
and the processor took the same negative back into the darkroom and later returned with a print more
acceptable to its owner. Is this new “properly” exposed print proof that the originally underexposed print
was incorrectly printed? Technically, no. Processing an underexposed negative into an underexposed
print is not a mistake. It is certainly not good for the processor’s business, but it is not a mistake.

Remember, underexposed and overexposed negatives can frequently be “corrected” in the darkroom so
that more acceptable prints are the result.

Now examine a scenario in which the photographer is presented with an abnormally dark scene. This
time, the example is related to crime scene photography. Several cars in a neighborhood have had their
tires slashed, and a suspect has been caught with a single-edged knife. All the puncture marks in the tires
show the blade used had a single sharp edge. Anticipating that a few good photographs might demon-
strate this fact to the jury better than just a verbal report, photographs of the puncture marks are made.
As the photographer composes the first close-up image of a puncture mark and takes a meter reading of
the area, presume that black tire rubber reflects approximately 5% of the light that strikes it.
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The “Normal” Scene

The “normal” scene reflects 18% of the light that strikes it. Fortunately, most scenes are “normal.” This
means that not a lot of exposures need to be corrected in the darkroom: You can trust the camera'’s
built-in light meter to provide for proper exposures.

If you are pushed to estimate what percentage of crime scene photography involves “normal” scenes,
a number has not been indicated in the literature. What is “normal” for laymen taking photographs is
certainly not what is encountered by crime scene photographers. Crime scene photographers have to
be very aware of times when they are about to photograph a “non-normal” scene and how to correct
the resultant exposure differences.

“Non-Normal” Scenes

Four well-recognized “non-normal” scenes will require exposure compensations to provide for proper
exposures:

Predominantly light-colored scenes

Predominantly dark-colored scenes

Scenes with a lot of sky in the field of view

Backlit scenes or scenes with both bright highlights and dark shadows in the same composition

Exposure compensations are required, because trusting the reflective light meter to provide the “cor-
rect” exposure in these situations will lead to unsatisfactory results. Knowing that the meter cannot be
trusted when dealing with a “non-normal” scene is the first step. Knowing what exposure compensa-
tion is required is the second step. The goal is to capture a properly exposed negative or digital image.
It is always preferable to expose the image properly at the time of capture, rather than have to resort to
wet-chemistry or digital darkroom corrections.

Predominantly Light Scenes

The nature of crime scene photography presents us with many light-colored scenes and objects. Just
as the snowman scenario mentioned earlier resulted in an underexposed image, if the camera meter
is trusted, so will all outdoor crime scenes that include large areas of snow. This will be the result not
only when overall images of the crime scene are taken, but also when images of individual evidence
lying in the snow are taken.

To compensate for this tendency toward underexposure, you will need to manually alter the exposure
recommendation offered by the meter. Knowing that snowy scenes are typically underexposed by the
meter by approximately 2 stops, take the meter reading as usual, and then manually open the aperture
1 ¥5-2 stops wider from what the meter recommended.

For many, this lighting situation seems counterintuitive. If the crime scene reflects too much light,
should you not be reducing the light to ensure a proper exposure? This is the reasoning used by many
who do not understand that the reflective light meter is automatically making this compensation
already. If you use our “gut” feeling and reduce the light even more than what the meter recommends,
the result will be greatly underexposed images.
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A mnemonic is useful here. Remember the phrase “dirty snow.” If the reflective light meter is relied on
when taking images of snowy scenes, the result will be “dirty snow.” What is “dirty snow?” It is dark or
underexposed snow. What is the cure for “dirty snow?” Open up 1 ¥2-2 stops.

Another predominantly light-colored type of evidence should be mentioned here: Caucasian skin.
Crime scene photographers encounter the need to photograph this type of evidence frequently.
Whether it is a nude Caucasian cadaver at an autopsy or just a wound or bruise to one part of the body,
this type of evidence is frequently encountered. The need to fill the frame of the camera with Caucasian
skin recurs frequently enough to recognize the need to properly expose this type of evidence. Although
myriad shades of skin are present in all races, “normal” Caucasian skin has been measured to reflect
approximately 36% of the light that strikes it. That is precisely 1 stop lighter than a “normal” scene,
which the reflective light meter is expecting.

The result: The meter will tend to cause a 1 stop underexposure of Caucasian skin, if it is trusted. The
compensation required, then, is to take a meter reading of the Caucasian skin and then open up +1
stop more from what the meter suggests.

Crime scene photographers frequently encounter other light-colored scenes. Most rooms have light-
colored walls. When you are taking interior overall photographs of crime scenes and the composition
is predominantly of a light-colored wall, an exposure compensation is almost always required.

How much? Interior walls are seldom as bright as snow and are closer to the reflectivity of Caucasian skin, so
open up 1 stop from what the flash calculator dial suggests. Flash theory will be covered in Chapter 5, but the
need to photograph light-colored walls occurs so frequently, it is necessary to mention it in this chapter.

Just as snow presented an exposure compensation necessity, so too would scenes with a large amount
of sand in them. Although sand may seem a darker shade than snow, its crystalline nature reflects enor-
mous amounts of light toward the camera. Sand requires the same exposure compensation as snow.
With a sandy crime scene, take a meter reading, and open up +1V2 to +2 stops.

The need to make an exposure compensation occurs only when the viewfinder is filled with a light-col-
ored scene. It is not required just because a light-colored object is being photographed. If, for instance,
a light-colored soccer ball is noticed to have some blood drops on it and it is currently lying on a grassy
lawn, the meter may be trusted if quite a bit of grass is also in the viewfinder. It is only when the view-
finder is almost totally filled with the light part of the scene that an exposure compensation is required.
If the light-colored object is just one item in the field of view and the meter will be receiving reflected
light from other normally toned objects, the meter can be trusted.

What if the situation is “borderline?” In these situations, bracket. Bracketing will be discussed
shortly.

Predominantly Dark Scenes

Any time the viewfinder is filled with a relatively dark object, such as the black tire mentioned previ-
ously, the reflective light meter is not to be trusted. In this case, the mnemonic “dirty snow” can again
help. If light-colored scenes tend toward underexposure, predominantly dark scenes will tend toward
the opposite: overexposure. Consider a situation in which a black sweater with a relatively small logo
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has been discarded by a suspect while fleeing a crime scene. If the sweater is viewed as just one item
in a scene showing the general area where the sweater was found, then an exposure compensation
will not be needed. In this case, the sweater is just one dark object among other “normally” toned
objects.

Once the sweater has been photographed within the scene, the next series of photographs would be
close-up photographs of just the sweater filling the frame of the camera. In this situation, the cam-
era meter will be fooled into recommending an exposure to the photographer that overexposes the
sweater.

The black sweater photographed in Figure 3.70 as metered will come out looking 2 stops overexposed:
grayish. Decreasing the exposure 1 stop improves the image, but the sweater still does not look as black
as it really was. Only a 2-stop decrease in exposure accurately captures the original look of the black
sweater. Unsure whether a -1 or -2 stop exposure is correct for a particular item of dark evidence?
Photograph it both ways and compare the images to the sweater.

Large Amounts of Sky

When a large portion of the scene/composition turns out to be the blue sky, realize that the sky reflects
more than normal amounts of light toward the camera. Although your eyes adjust well to this bright
light source, making it easy for you to forget the sky is much brighter than any objects reflecting nor-
mal amounts of light, film and digital sensors will be adversely affected by this exposure situation.
Crime scene photographers are presented with this situation every time they takeexterior overall pho-
tographs of crime scenes.

You will take photographs of the building the crime occurred in, and frequently this includes quite
a bit of blue sky in the background. If a substantial amount of this particular field of view is much
brighter than “normal,” the meter can
only average that large amount of light,
add it to the light otherwise reflected from
the scene, and come up with an exposure
recommendation “suitable for both.”
The meter will unsuccessfully attempt to
provide for a proper exposure of the sky
and a proper exposure of the building at
the same time.

The result will frequently be an under-
exposed building, but the sky will look
very close to the way you remember it. Of
course, having the sky properly exposed at
the expense of the exposure to the build-
FIGURE 3.70 ing is counterproductive. The intent of
Black sweater, as metered. the image is to have properly exposed the
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crime scene building (see Figures 3.73 and
3.74). One of the main purposes of exte-
rior overalls is to show possible points of
ingress or egress that suspects may have
used. If the building is grossly underex-
posed, these aspects will be lost.

Whatisthe exposure compensation required
to provide proper exposures of buildings
when a large amount of sky is also in view?
To determine the correct exposure, elim-
inate the problem. In this case, the sky is
ultimately causing an incorrect exposure of
the building. So, when taking a meter read-
FIGURE 3.71 ing of the building, eliminate the sky. This
Black sweater, ~1. can easily be done in one of three ways.

First, simply tilt the camera down: Lower
the camera until the top of the building
is at the very top of the field of view, and
then take a meter reading without the sky
in view. Set the camera for this meter read-
ing, and then recompose back to the origi-
nal scene with the sky in the field of view.
Take the photograph.

Second, if you are using a zoom lens as
your primary lens, zoom the lens to its
extreme telephoto setting, composing this
narrower field of view so it includes only
the building fagade, and take a meter read-
ing that excludes the sky. Set the camera to
that exposure recommendation, reset the
lens back to the original focal length, and
take the photograph.

FIGURE 3.72
Black sweater, —2.

Third, if your camera has a spot meter, select that metering mode, and then aim the spot meter to the
facade of the building. Only what is covered by the spot meter will be considered when the exposure
is determined, and the rest of the scene will be irrelevant.

In all three instances, the sky will then be a bit overexposed, but the building will look properly
exposed. When you're a crime scene photographer, this is about as good as you can do. There are,
of course, half-frame neutral density filters, which provide shading for only half of the view area.
Landscape photographers will position the shaded area so that it covers the sky and then meter the
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FIGURE 3.73 FIGURE 3.74
As metered, with the sky in view. Metered without the sky in view.

landscape. The result is a landscape that is properly exposed, and a sky that looks like Figure 3.73.
However, not many law enforcement agencies are providing half-frame neutral density filters to their
crime scene photographers.

Backlit Scenes and Other High-Contrast Scenes

When the primary subject is photographed while being backlit, the primary subject usually ends up
looking underexposed in photographs. This is another situation in which a bright light source is in
the field of view, similar to the sky situation. The reflective light meter is designed to properly expose a
scene that has a normal range of tones in the scene with the lighting for the scene uniform throughout
the scene. When any part of the scene diverges from these uniformities, the meter will have difficulties
providing for proper exposures.

In Figures 3.75 and 3.76, a meter reading was taken of the bright sunlit area in the background.
Taking a meter reading ensures the background will be properly exposed. Without doing this, the
background may look grossly overexposed in the resulting image. However, because the subject was
not directly sunlit, this exposure combination results in the primary subject, in Figure 3.75, being
underexposed. This underexposure of the primary subject is compensated for with fill-flash. Fill-
flash will be completely covered in Chapter 5. For the purposes of this chapter, however, be aware
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that any time a scene has both bright and dark areas in the
same scene, it will probably be necessary to use fill-flash
to ensure both areas receive proper lighting for an overall
proper exposure.

A brief explanation here will suffice to explain images Figures
3.75 and 3.76. As with Figure 3.75, the exposure for the sun-
lit background was determined by directly metering that area.
The viewfinder was filled with the sunlit area of the scene,
and a meter reading was taken. It is important to note that
the overall scene was not metered. This would include both
the sunlit background and the more dimly lit primary sub-
ject. Doing so would result in an improper exposure determi-
nation for the sunlit background. Once the exposure for the
sunlit background was determined, the camera was set for
that exposure combination. A sunny scene would have called
for a 100 ISO film. To hand-hold a camera with a 50mm lens
on it would have meant that a shutter speed of 1/60th of a
second would be normal. A mid-day sunny scene frequently
requires an f/22, as will become clearer as this chapter con-
tinues. Then, to properly expose the primary subject, an elec-
tronic flash was set to properly expose this subject. The result
is that the sunlit background is properly exposed, while at
the same time the primary subject in the foreground is also
properly exposed.

FIGURE 3.75
Backlit scene: primary subject underexposed.
(Courtesy of Denise Sedig, GWU MFS student,)

There may also be high-contrast scenes, which include both
bright sunny areas and dimly lit shady areas in the same area
of the same scene (see Figures 3.77 to 3.79). Of course, if you
can recompose to eliminate one of the lighting extremes,
that is one way to solve the improper exposure tendency. But
many times this is impossible. On bright sunny days, the sun-
lit area is often directly adjacent to an area in deep shadows.
When wide extremes in the light levels of a scene exist, you

FIGURE 3.76 must realize that the film’s exposure latitude results in one of
Backiit scene: corrected by fill-flash. (Courtesy of ~ the extremes being improperly exposed. Fill-flash is the cure
Denise Sediq, GWU MFS student,) to lighting extremes.

Again, avoid the temptation to merely take a meter reading of the entire scene, believing that doing so
will simultaneously cure the underexposure of the shady areas of the scene and the overexposure of the
sunny areas of the scene. This “average” exposure fails to properly expose both areas at the same time.
For example, in the preceding overexposure of the sunlit area, the exposure was ISO 100, 1/60th of a sec-
ond shutter speed, and f/5.6. That means that the shady area of the scene required an /5.6 to properly
light that part of the scene. The exposure for the sunlit area of the scene was ISO 100, 1/60th of a second
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shutter speed, and f/22. That means the
sunny area of the scene required an f/22
to properly light that part of the scene.
If f/5.6 and f/22 are averaged, the result
is f/11, which is halfway in between.
Remember the f/stop continuum: 22-16-
11-8-5.6. . . . Taking a meter reading of
the entire scene, with both extremes of
lighting within it, results in an f/11. Is
an f/11 a good compromise? No. At the
same time, it underexposes the part of
the scene requiring an /5.6 for a proper

AP0 \\ : exposure, and it overexposes the part of

P e - s e "~ the scene requiring an /22 for a proper
FIGURE 3.77 exposure. It improperly exposes both
Exposed for the shadow area; sunlit area overexposed. parts of the scene by 2 stops.

As mentioned previously, the proper
solution is to wuse fill-flash in this
situation.

TOOLS FOR DETERMINING
“PROPER” EXPOSURES
WITH TRICKY SCENES

How can you determine whether the
light reflected from a particular scene is
“average” or is a scene reflecting 18% of
the light that struck it? Is there a way to
be better assured that you are properly
metering a particular scene? Do the cam-
era and/or meter somehow alert you to
FIGURE 3.78 a problematic scene? These questions,
Exposed for the sunny area; shadow areas underexposed. and their concerns, trouble most pho-

tographers at one time or another. Even

though it is probable that 80% to 90%
of crime scene photos are of “normal” scenes and the camera’s reflective light meter can be trusted in
those instances, what can be done when the “non-normal” scene is encountered or when a scene with
a “tricky” exposure is encountered?

First, try to remember the exposure compensations recommended previously. If, however, you should
“go blank” at any particular time when trying to determine the correct exposure for a complex scene,
consider using one of the following “tools” for determining proper exposures.
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Meter the 18% Gray Card

If any doubt exists about whether a par-
ticular scene is reflecting the 18% “nor-
mal” amount of light, you can fill the
viewfinder with the 18% gray card and
take a meter reading from it.

If it is lit the same way as the scene
is lit, then you can set the camera for
an exposure on the basis of the 18%
gray card and use that exposure for the
scene in question. If the scene is sunlit,
the 18% gray card must also be sunlit;
; o & if the scene is shady, the 18% gray card
FIGURE 3.79 must also be covered in the same den-
Exposed with fill-flash; both sunlit and shadow areas properly exposed. sity of shade. Do not use the 18% gray

card when the scene is sunlit but the

18% gray card is in the shade or when
the scene is shady but the 18% gray card is sunlit; 18% gray cards come in a variety of sizes, so
many photographers carry one in their camera bag, along with other essential equipment.

Official 18% gray cards can be purchased in any camera shop. Some crime scene product distributors
produce photo identifiers that can also serve as 18% gray cards. See Figure 3.80.

Photo identifiers will be further explained in Chapter 6, but for now, notice it has a substantial area

that is gray. Surrounding that area is a black-to-white scale on the right side and pastel and solid colors

on the bottom. The left side has inch increments. The total effect: This card is intended to reflect about
18% of the light that strikes it.

If any particular scene was judged to be con-
fusing or a possible problem for the camera
meter to expose correctly, you could fill the
frame with this card, meter it, set the cam-
era for that exposure combination, recom-
pose on the scene in question, and take the
picture.

DATE/
TIME

AGENCY

-

= N W A OO O N 0O O O

CASE #

Meter an Area of Green Grass

All the colors of the visible light spectrum
can be converted into various shades of gray.
It just so happens that green grass reflects
about 18% of the light that strikes it, so it
FIGURE 3.80 can be used as a surrogate 18% gray card if
A photo identifier; also an 18% gray card. you do not have the 18% gray card handy.
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Fill the frame with green grass lit the same as the subject matter of concern, take a meter reading, set the
camera for that exposure setting, recompose on the chosen subject matter, and take the picture.

Of course, not every crime scene is located near areas of green grass. Also, in some seasons, green grass
is unavailable. Fortunately, other surrogate 18% gray cards are available.

Meter Well-Traveled Asphalt

No green grass in view? How about asphalt? Well-traveled asphalt also reflects about 18% of the light
that strikes it. Newly laid asphalt, however, is very black and should not be used as an 18% gray sub-
stitute. After asphalt has been exposed to the elements for a while, it turns into a perfect 18% gray card
substitute. Fill the frame with it, lit the same way as the scene of interest; take a meter reading; set the
exposure; recompose; and take the picture.

Of course, not every crime scene is located near areas of well-traveled asphalt. Some of those crime
scenes are also devoid of grassy areas. Is all lost? No.

Meter Your Palm

When all else fails, you can always meter your own palm. Your palm, regardless of race, reflects approxi-
mately 36% of the light that strikes it. Half of 36% is 18%. Remember the theory of halves and dou-
bles? Reflecting 1 stop more light than “normal,” the palm will cause an exposure reading that is 1 stop
underexposed, if that exposure reading is trusted. The camera, in effect, says to itself: “I expect 18%
light; this is too bright. To give the photographer an exposure for 18%, I am going to reduce the expo-
sure by 1 stop.” Knowing this is how the meter “thinks,” meter your palm and then open up 1 stop to
arrive at a “proper” exposure.

Here, too, you need to have your palm lit the same as the scene of interest: Sunny scenes require a
sunny palm; a shady scene will require the palm be shady also.

You do not need to properly focus on the 18% gray card, green grass, well-traveled asphalt, or your
palm when reading the meter. The meter does not care whether or not the reflected light is in focus. All
it requires is the right amount of light.

Exposure Modes

There are four common exposure modes: manual, program, aperture priority, and shutter priority
exposure modes. These modes allow you to choose different options to determine how a proper expo-
sure is obtained. Camera exposure control dials will usually abbreviate these modes with either “M,”
“B,” “AJ/Av,” or “S/Tv" (aperture value or time value; see Figure 3.81).

The other symbols on this exposure dial are directed at consumer or novice photographers not interested
in learning all that an SLR camera system has available in it. These symbols will not be explained in this
text. They do not represent true additional camera capabilities; they represent shortcuts to image making.

Manual Exposure (M)

With the manual exposure mode, the photographer is responsible to manually set the f/stop and the
shutter speed. A camera with a manual exposure mode option usually has this choice represented by
an “M” somewhere on the camera exposure controls.
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With lower-end cameras, it is also necessary to manually set the
film ISO as well. Newer film cameras with DX code sensors in the
camera body will be able to do this particular aspect automatically.
However, the photographer has complete control of the camera’s
shutter speed and f/stop settings because these exposure variables
have to be manually set by the photographer for each photograph.

Students learning how to make photographs with an SLR camera
for the first time are frequently told to use only the manual expo-
sure mode because this exposure mode makes them responsible for
all the critical choices that have to be made when determining the
proper exposure for each shot. It is also a good exposure mode to
FIGURE 3.81 use when photographers wish to make decisions for themselves and
Exposure modes. not relinquish any creative control to a camera’s computer. This is
frequently the case with crime scene photographers.

Program Exposure Mode (P)

With the program exposure mode, the camera sets both the f/stop and the shutter speed automatically
on the basis of the amount of reflected light coming into the camera. A camera with a program expo-
sure mode option usually has this choice represented by a “P” somewhere on the camera exposure
controls.

In this mode, the photographer has no choice over the camera’s creative controls. The camera works
on preprogrammed algorithms, which select the exposure settings on the basis of the light being read
by the meter.

The program exposure mode is sometimes referred to as the “dummy exposure mode.” A photographer
who cares only about a proper exposure can set the camera to program, aim, focus, and shoot. A proper
exposure is almost always a guarantee. There is no creative photographer input.

The program exposure mode is not recommended for crime scene photography because, besides ensur-
ing that there will be a proper exposure for all crime scene images, the photographer also needs to
manage the area that will be in focus (depth of field). Sometimes, it is also important to manage the
motion-stopping capability of fast shutter speeds. With most crime scene photography, it is important
not only that there be a proper exposure, but also that there is a proper exposure with the depth of
field maximized. Or, it is important that there is a proper exposure and the motion of a moving sub-
ject be eliminated with an appropriately fast shutter speed. The use of the program exposure mode
reduces everything to just one narrow concern: exposure. The need for a proper exposure is not to be
denied. However, additional concerns are constantly tugging on the mind of the competent crime
scene photographer.

The major complaint with the program exposure mode is that its computer algorithms seem to default
to f/stops centering on f/4s and f/5.6s and shutter speeds centering around 1/250th of a second and
1/500th of a second. If the crime scene subject matter is static like most crime scene evidence, using
faster-than-necessary shutter speeds and wider-than-necessary apertures wastes the full capabilities of
the camera controls, just to ensure a proper exposure is obtained.
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When the issue is training competent crime scene photographers, the program exposure mode is to be
avoided. Proposing it as a viable exposure mode is tantamount to admitting either that (1) there is no
one capable to teach crime scene photography properly to your crime scene photographers, or (2) you
do not believe your crime scene photographers can understand more advanced crime scene photogra-
phy methods. With any luck, neither condition exists within your agency.

This author did not place much value in the program exposure mode until he attended a train-
ing session held recently by Evidence Photographers International Council (EPIC). Randy Anglin,
from the Phoenix, Arizona, Police Department, referred to the program exposure mode as “Patrol
Mode.” He explained that when patrolling, he always kept his camera set to program mode. If he
should respond to a scene that was still actively being worked, having the camera pre-set to program
mode made the most sense. When things are hectic, having to “think” about exposures is a luxury an
officer sometimes cannot afford. Being guaranteed a proper exposure was just one benefit. Having
faster-than-normal shutter speeds also helps to freeze the motion of busy scenes. If victims are actively
being treated, grabbing a few quick shots as they were originally encountered provides a great addi-
tion to a collection of static crime scene shots. If a victim is being wheeled on a gurney toward an
ambulance, just grabbing the camera, and pointing and shooting may be all there is time for. Once
the melee has ended, Officer Anglin could return to the normal thoughtful crime scene photographer
once more. His thoughts were right on point. Ever since this discussion, this author is forced to admit
that the program exposure mode does have a definite use. Adding to your bag of tricks is something
you should always be willing to do.

Aperture Priority Mode (A or Av)

In the aperture priority exposure mode, the photographer manually sets the f/stop desired, and
the camera will automatically set the corresponding shutter speed required to properly expose the
photograph for the reflected light coming into the camera.

A camera with an aperture priority exposure mode option usually has this choice represented by an
“A” or “Av” somewhere on the camera exposure controls; the “Av” stands for aperture value. Care needs
to be exercised with this mode, because if small apertures are selected to maximize the depth of field,
and the lighting is inadequate, the result may be a shutter speed that is too slow for the camera to be
hand-held, resulting in blurred photos if the photographer is not aware of the resulting slow shutter
speed setting.

Wouldn't a cure for slow shutter speeds be to just put the camera on a tripod and take most images that
way? Actually, using a tripod would be enormously inconvenient for most crime scene photography.
Certainly, many times a tripod cannot be avoided when taking crime scene images. But, because most
crime scene images have to be taken rather quickly, there is just not enough time to take such images
with the camera mounted on a tripod.

However, when you are in a situation in which using a tripod is recommended, using the aperture pri-
ority exposure mode is the ideal exposure mode. For instance, when you are taking a series of images
of a bloody shoe print, once the ideal f/stop has been determined, setting the camera on a tripod will
allow the camera to use any shutter speed for the series of photographs necessary to completely docu-
ment the shoe print. This will enable you to vary the exposures without deviating from an optimal f/
stop. This topic will be revisited in Chapter 4.
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Shutter Priority Mode (S or Tv)

In shutter priority exposure mode, the photographer sets the shutter speed desired, and the camera
will automatically set the corresponding f/stop required to properly expose the photograph on the
basis of the light reflected into the camera.

A camera with a shutter priority exposure mode option usually has this choice represented by either
an “S” or a “Tv” somewhere on the camera exposure controls; “Tv” stands for time value. The shutter
priority exposure mode is very useful because it basically does exactly what the manual exposure mode
would do, only faster. The photographer concerned about depth of field as well as a proper exposure
will usually select the slowest hand-holdable shutter speed, usually 1/60th of a second when a 50mm
lens is being used. The corresponding aperture is then usually the best to maximize depth of field. In
the shutter priority exposure mode, with the camera set to 1/60th, the camera automatically sets this
same aperture. The camera just does it faster and without manual adjustments.

Although camera settings that make the photographer responsible for every camera variable are nor-
mally recommended, the shutter priority exposure mode efficiently arrives at the exact same position
as the manual exposure mode. It does not reduce the photographer’s responsibilities; it makes the
process more efficient.

BRACKETING

Manual Exposure Mode Bracketing

In the manual exposure mode, the photographer sets both the f/stop and the shutter speed for every
photograph. If the film camera and film are not DX code capable, the ISO film speed was also previously
manually set on the camera. When bracketing, the question is whether to alter the f/stop or the shut-
ter speed.

The option to change film speed to achieve a different exposure level, although a technical possibility,
is never really an option in the field when using a film camera. It is too cumbersome to change rolls of
film during a crime scene and would waste the remaining negatives on the roll of film taken out pre-
maturely. Some film cameras, however, did offer the capability of back winding the film and leaving
the leader strip out, so the film canister could then later be reloaded and advanced to the frame next
to be exposed. Although this author did have one of these cameras, it was very seldom utilized for this
capability. Of course, with a digital camera, ISO film equivalents can be changed as easily as f/stops or
shutter speeds. This option represents a great advantage when determining exposures is concerned.

With a film camera, the question remains: Which should be changed to increase or decrease the expo-
sure, the f/stop or the shutter speed?

When you are bracketing for an underexposure, remember the Cardinal Rule to maximize depth of
field: If the minimum f/stop has not already been used, bracket by decreasing the aperture size. Making
the aperture smaller not only results in a dimmer photograph than the first photograph, but also
increases the depth of field. For example, if the original exposure combination were made up of 100
ISO, a shutter speed of 1/60th of a second, and /11, the proper way to achieve a -1 exposure would
be to change the f/stop to f/16. If the smallest aperture of the camera has already been chosen, then
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simply use a faster shutter speed. If an f/22 was being used for the original image, change the shutter
speed from 1/60th of a second to 1/125th of a second. The faster shutter speed is 1 stop dimmer and
can also be used when hand-holding a 50mm lens.

When you are bracketing for an overexposure, presuming you are already using the slowest hand-holdable
shutter speed for a 50mm lens, 1/60th of a second, the choice is limited to opening the aperture. In this
case, using a slower shutter speed like 1/30th of a second may result in camera movement during the expo-
sure and blurring of the image. For example, if the original exposure were 100 ISO with a 1/60th second
shutter speed with an f/11, the only option to achieve a +1 exposure would be to reset the f/stop to /8.

If the original f/stop used was f/8, you might think that using f/5.6 would be a natural choice. However,
think back to the reciprocal shutter speeds and f/stops previously recommended. You will recall that
1/60th of a second was the primary shutter speed recommended for most crime scene photographs.
You will also recall that the small apertures /22, f/16, f/11, and f/8 were the best f/stops to ensure an
adequate depth of field was achieved. If you find you are about to use an f/5.6 during crime scene
photography, it is strongly urged that you consider three other options before actually using that
aperture. This can be considered a new Rule of Thumb.

RULE OF THUMB 3.10

Before using an /6.6, or wider aperture, for a crime scene risk of blur, and the use of longer shutter speeds will
photograph, consider these options: also allow smaller apertures to be used, which will
provide a better depth of field.

Use electronic flash. The additional light from the flash

will certainly require the use of smaller apertures, With a digital camera, reset the ISO to the next

which in turm will provide a better depth of field. faster ISO setting. That will enable the use of both a
1/60 and an {/8, with the ISO setting used to create

Use a tripod. Putting the camera on a tripod will
D g D the +1 exposure.

allow the use of longer shutter speeds without the

Automatic Exposure Mode Bracketing

In the aperture priority exposure mode, the photographer has control of only the f/stop selections; in
the shutter priority exposure mode, the photographer has control of only the shutter speed selections.
What if you are using one of these exposure modes and would like to bracket several shots? If all you
can control is the f/stop, does changing the f/stop selection in the aperture priority exposure mode
result in a change of exposures? If all you can control is shutter speed, does changing the shutter speed
in the shutter priority exposure mode result in an exposure change? In both cases, the answer is no.

In the automatic exposure modes, the camera automatically compensates for an adjustment to either the f/
stops or shutter speeds so that another proper exposure is still achieved: A reciprocal exposure is the result.

In the shutter priority exposure mode, if the initial shutter speed is 1/60th of a second, will changing
the shutter speed to 1/125th of a second result in a -1 exposure? No.

If the shutter speed is changed, the camera’s computer will seek an f/stop that will provide a proper
exposure for the newly selected shutter speed. For example, if the original shutter speed was 1/60th
of a second and the scene lighting allowed the camera’s computer to automatically select an f/11 to
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properly expose that scene, what would happen if the photographer selected a 1/125th of a second
shutter speed instead? The camera’s computer would select an f/stop that is a reciprocal exposure for
the 1/60 / f/11 exposure combination. In this case, the new reciprocal exposure would be 1/125 and
f/8. Switching from 1/60th of a second to 1/125th of a second would not result in a -1 bracket. It
would result in another reciprocal exposure that was the same as the original exposure.

In the aperture priority exposure mode, if the initial f/stop is f/11, will changing the f/stop to f/16 result
in a -1 exposure? No.

If the aperture is changed, the camera’s computer will seek a shutter speed that will provide a proper
exposure for the newly selected f/stop. For example, if the original shutter speed was f/11 and the scene
lighting allowed the camera’s computer to automatically select a 1/125th of a second shutter speed
to properly expose the scene, what would happen if the photographer selected an f/16 instead? The
camera’s computer would select a shutter speed that is a reciprocal exposure for the 1/125 and /16
exposure combination. In this case, the new reciprocal exposure would be f/16 and 1/60th of a second.
Switching from f/11 to f/16 would not result in a -1 bracket. It would result in another reciprocal
exposure that was the same as the original exposure.

So, how is bracketing achieved in the automatic exposure modes?

Many cameras that have automatic exposure modes also have an exposure compensation dial. Those
cameras that do not have an exposure compensation dial have buttons or other menu choices to allow
the photographer the ability to vary exposure choices.

On the right side of the dial in Figure 3.82a is a continuum that proceeds from +2 to -2, with two
white dots between each number. This particular camera allows exposure compensation in 1/3-stop
increments. Notice the dial is currently set to “0.” This is how the camera should be set when there

FIGURE 3.82B
FIGURE 3.82A Exposure compensation button +/— on newer camera. (Courtesy of Ron Taniwaki,
Exposure compensation dial. Nikon Forensic Services.)
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is no need for automatic exposure mode bracketing. Figure 3.82b shows an exposure compensation
button @/-) on a new digital Nikon SLR. Pushing it takes you to the exposure compensation menu.

If you were in either the shutter priority exposure mode or the aperture priority exposure mode and
you just completed taking a shot at what you determined to be an “optimal” exposure, how do you
bracket? For a +1 exposure, rotate the dial to the +1 mark and take a second exposure. For a -1 bracket,
rotate the dial to the —1 mark and take a third exposure.

After this series of brackets, it is critical to remember to reset the exposure compensation dial back to
the “0” position. If you forget to do this, all the remainder of your exposures will be either overexposed
or underexposed, depending on the last exposure compensation dial setting.

If the proper exposure triangle has only four variables—and it does—how can the exposure compensa-
tion dial effect a change in exposure?

The exposure compensation dial actually resets the ISO speed to “fool” the camera so an exposure
change will be made by the camera. An example is the best way to explain this.

A photographer is using the shutter priority exposure mode with the camera set to 100 ISO and the shut-
ter speed set to 1/60th of a second. When a meter reading was taken by depressing the shutter button
halfway, the camera’s computer determined the proper f/stop for the reflectivity of the scene in question
was f/16. This was the first exposure. Wanting to bracket for a +1, the photographer rotated the exposure
compensation dial to +1 and took the second shot. How does this force the camera’s computer to set an
exposure combination that results in a brighter exposure? When the exposure compensation dial is set
to +1, the ISO setting is actually reset to 50 ISO; 50 ISO film is “slower” film that is less sensitive to light,
so it needs more light for a proper exposure. How much more? The 50 ISO film would need precisely
1 stop more light than ISO 100 speed film would. If 100 ISO film needed a 1/60th of a second shutter
speed with an /16, 50 ISO film would need 1/60th of a second shutter speed and f/11 as the aperture.
Changing exposure from f/16 to f/11 results in a +1 exposure change. Even though the camera now
thinks it is set at 50 ISO, it is actually still set at 100 ISO. The net result: a +1 exposure.

Another example: A photographer is using shutter priority exposure mode, with the camera set to 100
ISO and the shutter speed set to 1/60th of a second. When a meter reading was taken by depressing
the shutter button halfway, the camera’s computer determined the proper f/stop for the reflectivity of
the scene in question was f/16. This was the first exposure. Wanting to bracket for a -1, the photog-
rapher rotated the exposure compensation dial to —1 and took the second shot. How does this force
the camera’s computer to set an exposure combination that results in a dimmer exposure? When
the exposure compensation dial is set to -1, the ISO setting is actually reset to 200 ISO; 200 ISO is a
“faster” setting that is more sensitive to light, so it needs less light for a proper exposure. How much
less? The 200 ISO would need precisely 1 stop less light than ISO 100. If 100 ISO needed a 1/60th of
a second shutter speed with an f/16, 200 ISO would need 1/60th of a second shutter speed and /22
as the aperture. Changing exposure from f/16 to f/22 results in a -1 exposure change. Although the
camera now thinks it is set at 200 ISO, it is actually still set at 100 ISO. The net result: a —1 exposure.

To achieve a true change in the exposure, you actually need to fool the camera about the ISO that has
been loaded into the camera.



The F/16 Sunny Day Rule

In the aperture priority exposure mode, the photographer selects the aperture. Changing the exposure
compensation dial to a plus or minus number forces the camera to alter the shutter speeds. An example
is helpful here also.

A photographer is using aperture priority exposure mode, with the camera set at 100 ISO and the
aperture set to f/16. When a meter reading was taken by depressing the shutter button halfway, the
camera’s computer determined the proper shutter speed for the reflectivity of scene in question
was 1/125th of a second. This was the first exposure. Wanting to bracket for a +1, the photogra-
pher rotated the exposure compensation dial to +1 and took the second shot. How does this force
the camera’s computer to set an exposure combination that results in a brighter exposure? When
the exposure compensation is set dial to +1, the ISO setting is actually reset to 50 ISO; 50 ISO
is “slower” and is less sensitive to light, so it needs more light for a proper exposure. How much
more? The 50 ISO would need precisely 1 stop more light than ISO 100 would. If 100 ISO needed
an f/16 with a 1/125th of a second shutter speed, 50 ISO would need f/16 and 1/60th of a sec-
ond shutter speed. Changing exposure from 1/125 to 1/60 results in a +1 exposure change. Even
though the camera now thinks it is set at 50 ISO, it is actually still set to 100 ISO. The net result:
a +1 exposure.

In the preceding example, had the original shutter speed been 1/60th of a second, selecting a+1 on the
exposure compensation dial would have forced the camera’s computer to change the shutter speed to
1/30th of a second. This, of course, is a shutter speed that is too slow when using a 50mm lens. Camera
shake would almost guarantee blur in the photograph. This is another reason that the aperture priority
exposure mode should only be used with caution.

The exposure compensation dial should only be used for bracketing when one of the automatic expo-
sure modes is in use. These modes are, again, the aperture priority exposure mode, the shutter priority
exposure mode, and the program exposure mode. The exposure compensation dial does not produce a
bracket when the manual exposure mode is in use. In the manual exposure mode, bracketing is accom-
plished by manually altering the shutter speed or the aperture.

Flash Bracketing

It is also possible to bracket for a brighter or dimmer image when electronic flash is used. This will be
explained more fully in Chapter 5. However, for the purposes of this chapter, be aware that it is often
possible to set the flash so that it emits either more or less light than usual. Therefore, the original shut-
ter speed and f/stop can be maintained, and subsequent exposures can be altered merely by altering
the flash intensity.

THE F/16 SUNNY DAY RULE

If you look on the inside surface of a box of film (if you can still find any), after you take out the
film canister, you will frequently find film manufacturer recommendations for proper exposures when
using that particular film under different outdoor light levels.
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FIGURE 3.83
An /16 shadow.

FIGURE 3.84
An /11 shadow.

The F/16 sunny day rule recommends both an f/stop setting and
a corresponding shutter speed for most outdoor photographic sit-
uations. The F/16 sunny day rule, however, is just a way to deter-
mine a “ball park” exposure combination for different lighting
conditions. It is not the best exposure combination if you wish
both a proper exposure and you also want to maximize the depth
of field. In other words, the net result is just one reciprocal expo-
sure, and it is up to you to choose among the other possible recip-
rocal exposures when depth of field is also important.

An F/16 day

At midday, on a bright sunny day, when there are crisp distinct
well-defined shadows (see Figure 3.83), use an f/16 and con-
vert the ISO film speed to the shutter speed. If you are using
100 ISO, convert to a shutter speed of 1/125th of a second.
If you are using 400 ISO speed film, convert to 1/1500th of
a second shutter speed. However, if it is midday on a bright
sunny day, at this point it is hoped you would only consider
the ISO 100 speed film.

If the F/16 sunny day rule suggests using an f/16 and a 1/125th
of a second shutter speed with 100 ISO, is there a better recipro-
cal shutter speed? Yes. Changing the shutter speed to 1/60th of a
second would allow the use of an f/22 for the same scene, which
provides the same exposure and provides a better depth of field.

An F/11 Day

On a bright, but hazy, day when the shadows produced are
indistinct or what can be termed a “soft” shadow (see Figure
3.84), use an f/11 and convert the ISO film speed to the shut-
ter speed. In this case, the shadows present are ill defined. The
shadows form vague shapes, and the item making them can-
not be precisely determined. With 100 ISO, the exposure rec-
ommendation would be /11 and 1/125th of a second shutter
speed. Is there a better reciprocal exposure? Yes. Changing the
shutter speed to 1/60th of a second would allow the f/stop to
be changed to f/16, and this combination is the same expo-
sure with a better depth of field.

An F/8 Day

On a bright but cloudy day, there may be plenty of outdoor
light, but there will not be any shadows (see Figure 3.85). On
such a day use an /8, and convert the ISO film speed to the
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shutter speed. This results in an f/8 and a 1/125th of a second
shutter speed. Although a proper exposure for the scene, a better
reciprocal exposure would be f/11 and 1/60th of a second shutter
speed.

An F/5.6 Day

An overcast day can still produce bright lighting outdoors but will
seldom produce any shadows. Another situation for this expo-
sure category would be on a sunny day, when the sun is blocked
from the area of interest by a building or something similar (see
Figures 3.86 and 3.87). In this case, the item of evidence would
be “in” a shadow, but if you stood in the same location as the
evidence and looked directly above you, there would be blue sky.
Blue sky itself is quite bright. For either of these situations, use an
/5.6 and convert the ISO film speed to the shutter speed.

It is hoped that the preceding sentence was uncomfortable for
you to read. Why? Previously, it was recommended that only the
f/stops of 22, 16, 11, and 8 should be really considered for crime
scene photography because they provide the best depth of field
compared with the other f/stops. The f/16 sunny day rule vari-
ations, however, are only exposure recommendations. They are not concerned with depth of field.
Again, it would then be appropriate to change this exposure combination to the better reciprocal expo-
sure of f/8 and 1/60th of a second shut-
ter speed. This exposure combination, at
least, conforms to the previous exposure
recommendations.

FIGURE 3.85
An 1/8 day, without shadows.

(In a textbook, such as this, you can
normally expect to see only the best
photographic examples of the theories
and concepts explained in the various

Building shadow, but blue sky above. ]

(shade)

FIGURE 3.86 FIGURE 3.87
Open shade. An “open” shade situation.
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chapters. Figure 3.87 suffers from lens flare, true, but because it is the most multicolored example this
author has in his collection, he just had to use it.)

An F/4 Day

On a heavily overcast day, use an f/4 and convert the ISO film speed to the shutter speed. There would
be no shadows in this situation either. Use the reciprocal exposure combination of f/5.6 and 1/60th of a
second shutter speed if the original exposure combination used an ISO of 100. However, recall the pre
vious recommendation about ISO film choices, and you should have been tempted to load the camera
with ISO 400 speed film in this situation. ISO 100 speed film was only recommended for bright midday
outdoors lighting. Therefore, in this situation, it would be recommended to use the f/4 with 400 ISO film,
and, therefore, this would convert to a shutter speed of 1/500th of a second shutter speed if your camera
had only full shutter speed choices. This reciprocal exposure is equivalent to 1/60th of a second shutter
speed and f/11. Changing from 1/500th to 1/60th is a 3-stop change, requiring a change from f/4 to f/11.

An F/2.8 Day

When the crime scene or the evidence about to be photographed is in “deep” shade, with no sky
directly overhead, use f/2.8, and convert the 400 ISO film speed being used to the shutter speed, or
1/500th of a second. This exposure combination converts to the reciprocal exposure of f/8 and 1/60th
of a second shutter speed.

If a crime occurred under the tree shown in Figure 3.88,
taking a meter reading would confirm how dim the light is
there. Even though it is a bright sunny day elsewhere, there is
a remarkable difference in the lighting under the tree.

The f/16 sunny day rule and these variants suggest exposure
recommendations that will be close enough to produce an
exposure that will be printable.

Because of the exposure latitude of most film, slight under-

exposures or overexposures can be salvaged in the wet- chemistry
darkroom. They may not be the “optimal” exposures, but they
will be “close enough.” Because they are just guidelines, they
should not be used when the reflective light meter is working.

The reflective light meter will always be more exact.

The f/16 sunny day rule recommends that the ISO being
used be converted to the shutter speed. Therefore, ISO 100
becomes 1/125th; ISO 200 becomes 1/250th; and ISO 400
becomes 1/500th. These are, of course, full shutter speed
changes. As mentioned previously, some cameras allow you
to select shutter speeds in 1/2-stop or 1/3-stop increments. If
FIGURE 3.88 these are possible, the closest incremental shutter speed to the
“Deep” shade: under something. film speed being used should be selected. The shutter speed
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selected should be as “fast” or “faster” than the shutter speed number. In other words, if you have 400

ISO film in your camera and a shutter speed of 1/350th of a second is available, you should select

1/500th of a second shutter speed even though 1/350 is actually closer to 1/400th. The 1/500th shutter
speed is “faster” than the 1/400th. This is part of the f/16 sunny day rule.

It is important to repeat that the f/16 sunny day rule is just a recommendation for an exposure set-
ting, just as the camera’s meter reading is merely one of many reciprocal exposure possibilities. The
f/16 sunny day rule does not have anything to do with a crime scene photographer’s additional desire
to maximize the depth of field; it is just an exposure recommendation. Therefore, once an exposure
combination has been determined using the rule, the photographer then has to ask whether that expo-
sure recommendation is the most efficient reciprocal exposure to also maximize the depth of field. An
exposure adjustment will almost always be necessary.

CAUSES FOR COMPLETE ROLLS OF FILM WITH EXPOSURE ERRORS
ISO Not Properly Set/DX Code Reading Error

As mentioned previously, on manual exposure cameras, the ISO has to be set on the camera when any
new roll of film is loaded into the camera, or when beginning to capture images with a digital camera.
If you neglect to set the new film speed, the entire new roll of film may be exposed according to the
ISO film speed of the previous roll of film placed in the camera. For instance, if the previous roll of
film that was used was an ISO 400 film, the camera was probably set for that ISO film speed. Now, if
the current roll of film is an ISO 100 film speed, and the camera has not been reset for the new ISO 100
film speed, this entire roll of film will be 2 stops underexposed. ISO 100 film is 2 stops less sensitive
to light than ISO 400: half of 400 is 200 (1 stop), and half of 200 is 100 (1 more stop). Exposing ISO
100 speed film as if it were ISO 400 speed film will result in underexposures.

If the camera kit is shared by different personnel on different shifts, this situation can become a prob-
lem. The last roll of film used by a midnight crime scene photographer using the camera may have
been ISO 400 speed film. The photographer then turned over the camera to the day shift. When the
camera was first used on the day shift, 100 ISO film was loaded into the camera. However, the day shift
crime scene photographer neglected to notice the camera was already set to 400 ISO and proceeded to
shoot an entire roll of 100 ISO film with the camera set to ISO 400.

Another possibility is that you may have a camera that reads the DX coding on most film canisters,
but somehow you have acquired a non-DX-coded film, loaded it into the camera, and presumed the
camera has properly set itself for the new film speed. In this situation, the camera usually defaults to
ISO 100, but if you used any other ISO film speed, your exposures will all be incorrect.

Finally, the DX film reading contacts inside the camera may have become corroded or dirty, and they
are not correctly reading the DX coding on the film canister. The result: improperly exposed film.

Moral: Always ensure the camera knows the ISO film speed currently being used. Do not presume this
has been correctly done by an automatic camera. Most cameras that have DX coding have a button or
dial that can be used to confirm the ISO setting of the film currently in the camera. This is just one
more responsibility of the crime scene photographer.
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Improper Exposure Compensation Dial Settings

The use of a camera that has its exposure compensation dial set to anything except “0” will also result
in uniform underexposures or overexposure. The reason is that this is the equivalent of incorrectly
setting the ISO film speed.

In other words, if you last bracketed a series of photographs to ensure a photograph required for an
examination quality/critical comparison would be properly exposed and the last photograph of the
series was taken at a -2 exposure compensation, the camera may still be set at —2. If some time has
gone by between shots, when it is time for your next photograph, you may not remember that a -2
exposure compensation has been set on the camera. If you presume the exposure compensation is set
to “0” and use the camera without making a change, all your subsequent photographs will come back
underexposed 2 stops.

Before depressing the shutter for that first exposure on a new roll of film, do the following:

Ensure the camera has been properly set for the ISO film speed currently being used.
Double-check the exposure compensation dial to ensure it has been reset to “0.”

When using a digital camera, make sure to check these same two camera settings.

COMMON FILTERS
UV/Haze/1A/Skylight Filters

UV/Haze/1A/Skylight filters have two common uses, as described in the following sections.

Lens Protection
Filters are inexpensive insurance for all the lenses you own. As you use and handle your camera, it
swings from a strap around your neck and is otherwise held at the end of your arm. This increases
the potential for the camera to frequently bump into a variety of other objects in your environment.
Some of these contacts may scratch, break, or dent the front of the lens, requiring an expensive repair
or replacement. Having a relatively inex-
pensive filter mounted on each lens pro-
tects the front of those expensive lenses.
Replacing the filter that gets scratched,
dented, or broken is much less painful
than replacing the lens itself. Therefore,
an inexpensive filter, usually a UV filter,
should be placed on each lens you own.

Figure 3.89 shows a dent to the UV filter
attached to the lens. Had this been a dent
to the lens itself, it would be impossible
FIGURE 3.89 to use any filter with it because no fil-
Dent to ultraviolet filter instead of the lens itself. ters would be able to screw onto the filter
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threads of the lens. Now, because only the outer filter is dented, if the photographer wished to use any
other filter, all that would have to be done is to unscrew the dented filter. Replacing this dented filter
is not necessary. It is still serving its primary purpose of protecting the lens.

Put a filter on each lens you own.

Filtering Excessive Blue from the Sky

Film is very sensitive to both the UV and blue light of the sky. Without a filter, the sky will nor-
mally photograph lighter than you remember seeing it. Because film is so sensitive to this light, it
frequently is overexposed in photographs. For the sky to record realistically in photographes, it is rec-
ommended to use one of several filters. Four filters have basically the same effect on the sky, with-
out significantly altering the way other aspects of the scene will appear. These four filters are the UV
filter, the Haze filter, the 1A filter, and the Skylight filter. Their effect is to have the sky record cor
rectly on film. They do this by filtering out some of this light to avoid overexposures. They do not
reduce the other light coming through the lens in any significant way, so exposure compensations
are not necessary.

These four filters appear to be clear filters, not showing either a colored tint or neutral tinting like
polarizer filters and neutral density filters. Figure 3.90 demonstrates this. The blue cloth background
appears the same either viewed directly or viewed through the filter.

When you are composing on scenic views and vast panoramas, these filters will assist in keeping the
haze effect from long expanses of air, with the particulate matter suspended in the air, from ruin-
ing photographs. Haze can manifest itself as misty vapors. Residents of smog-polluted Los Angeles,
California, and Phoenix, Arizona, have an innate understanding of particulates in the air.

In normal crime scene photography, addressing the haze effect is not normally a concern. If, however,
your task is to document a crime scene with aerial photography, haze may become a problem, depend-
ing on the height of the aircraft. By use of a haze filter, you will be able to “shoot through the haze” to
visualize the ground structures better.

The Polarizer Filter

A polarizer filter can be a very useful tool for the crime scene photographer.

Although it is not obvious at first glance, the polarizer filter is usually made up of two parts, unlike
other filters. It has filter threads, like other filters, which screw normally onto the lens. Once secure on
the lens, however, the outer part, which holds the polarizer filter itself, can still be rotated.

A word of caution is necessary here. The polarizer filter
screws onto the lens like any other filter. If you are looking
down on the camera with the lens pointed at the ceiling,
the polarizer filter would screw on in a clockwise direc-
tion. All filters should be screwed on with the camera in
this position. With the lens aimed at the ceiling, you can
FIGURE 3.90 actually let go of the filter before it has been screwed on,
Ultraviolet filter. and the filter will remain sitting on the lens. If your habit
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is to screw on filters with the lens aimed horizontal to the ground, it would be possible to mistakenly
believe the filter is properly screwed onto the lens. If you then let go of a filter not properly screwed
onto the lens, it can fall to the ground and break.

This becomes a new Rule of Thumb.

RULE OF THUMB 3.11

Always screw filters onto the lens when the lens is aimed at the ceiling or straight up. This reduces the chances of dropping
the filter.

Once the polarizer filter is properly screwed onto the lens, the outer part can be rotated to reduce or
eliminate reflections or glare on a variety of surfaces. It is extremely important that the filter be rotated
without unscrewing the filter from the lens. This filter rotation is done while holding the camera nor-
mally and looking through the viewfinder. The filter rotation must be done in a counterclockwise
direction, with the camera held normally. If the filter rotation is done in a clockwise direction, you may
be inadvertently unscrewing the filter at the same time as you are rotating the filter. Too many polarizer
filters have been dropped because of this. Always rotate the polarizer filter counterclockwise.

Reflection Elimination
Notice Figure 3.91 shows the polarizer filter with vertical lines running through the filter. Such lines
cannot actually be seen when looking through the filter. They are placed there to be a visual explanation

FIGURE 3.91 //_
Polarizer filter.

A
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Unpolarized light vibrates in all directions. When striking water or glass, the light can
become polarized in one direction, and show reflections. The reflections can be
eliminated by a polarizer filter which absorbs/blocks the polarized light.
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of the polarizer filter’s ability to filter out, or block, polarized light. On the figure, because the surface
reflecting the polarized light is the ground, the polarized light is reflected from it in a horizontal, rather
than a vertical, plane, which is represented by the three diagonal lines coming from the surface toward
the filter. Had the light reflected from a building window, the polarized light would have a vertical ori-
entation. In either case, the photographer will be able to see the effect of rotating the filter through the
viewfinder. When the filter is rotated so polarized light is blocked by the filter, reflections will be either
drastically reduced or totally eliminated. Continuing to rotate the filter would align the filter so the
polarized light can come through the filter, and all the reflections again become visible.

Figures 3.92 and 3.93 show a 34° angle that the light is striking the surface and reflecting from the
surface, which is the optimal angle of view of a surface with reflections on it when you want the polar-
izer filter to eliminate those reflections. As you deviate from that 34° viewpoint, the polarizer filter
will become more and more ineffective. The crime scene photographer can do nothing about this.
The physics of polarized light just has to be accepted. Some solutions, however, exist to address the
problem of distracting reflections.

To maximize the elimination of reflections from glass and water, follow this three-step procedure:

1. Approximate what you feel is a 34° angle to the surface with reflections on it.

2. Put the polarizer filter on your lens, and rotate the outer element until the maximum amount
of reflections is eliminated. If you rotate the outer element beyond the optimal position, the
reflections will begin to return. Keep rotating the outer element until the reflections are again
diminished almost completely.

FIGURE 3.92 FIGURE 3.93
Glass reflection eliminated with a polarizer filter. Water reflection eliminated with a polarizer filter.
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At times, the reflection has not completely disappeared, which may be merely a function of
your not having correctly assumed a 34° angled view of the surface in question. If the surface
is a vertical sheet of glass, it is recommended that you “test” your approximation of a 34°
angle by leaning to the left and to the right while looking through the viewfinder. By doing
80, you may achieve a view closer to the magic 34° angle. As you do this, you may see the
reflection become more prominent when leaning in one direction and less prominent when
leaning in the other direction. Move in the direction that eliminates more of the reflection.

If the reflection is coming from water, that surface is horizontal. To “test” your success of
having successfully found the correct 34° angle, move closer to the surface or back away
from it while looking through the viewfinder. You may see the reflection become more
prominent one way and less prominent as you move the other way. Move in the direction
that eliminates more of the reflection.

The polarizer filter will not remove the reflection of the sun itself. If the sun is currently creating an
unwanted reflection, the only way to eliminate it is to find a different viewpoint of the surface.

When the polarizer filter has eliminated all the polarizing light reflected from a surface, the result is a
severe light reduction the camera is receiving (see Figure 3.94). This is typically a 1 /2 to 2-stop light
reduction. If you are using a reflective light meter, it is important to remember to re-meter the scene
after the polarizer filter has been rotated for its optimal effect. The meter will then ensure the scene is
not underexposed.

Enriching Color Saturation

By eliminating polarized light, polarizing filters can also
improve the colors in many photographs. Strong sunlight
often produces a glare that is sometimes perceptible to film
but is not perceptible to the eye. When you eliminate this glare,
the color saturation of a photograph can be improved. When
color accuracy is critical, as when you are trying to document
the exact color of a paint transfer in a fatal hit-and-run acci-
dent, this aspect of the polarizer can be an immense benefit.

Figure 3.95 demonstrates how strong sunlight glare can alter
colors. The color of the adobe tiles is washed out by the sun's
glare. By use of a polarizer filter, the true color of the tiles is
revealed.

Skid Marks

A polarizer can remove the glare on the pavement at an acci-
dent scene, making the skid marks present at the scene more
obvious (see Figure 3.96). Up to 10% of the total length of
a skid mark may be a “shadow” mark. This is a less obvi-
FIGURE 3.94 ous tire mark left by the tire as it was slowing before the tires
Window reflection eliminated with a polarizer filter.  became totally locked. At times, even this “shadow” mark can
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FIGURE 3.95
Glare on the left; true
colors on the right.

be visualized with a polarizer filter. It is important that the
driver get “full credit” for the speed he or she was actually
driving, and being able to document the full length of the
skid mark is one way of doing this.

The effect is visible while looking through the viewfinder
while rotating the outer element of the polarizer filter.
For this effect, the polarizer should be used at approxi-
mately a 34° viewpoint to the surface of the pavement. It
is recommended you view the skid marks from both ends.
The polarizer filter may be more effective from one direction
than another.

A polarizer filter should be considered essential equipment
for accident scene photographers.

Blue Sky

The polarizer filter can increase the blue of the sky. As men-
tioned previously, film is overly sensitive to the blue of the
sky, resulting in somewhat washed-out skies in many pho-
FIGURE 3.96 tographs (see Figure 3.97). The polarizer filter can enrich
Bottom, polarizer not used; top, polarizer used. the blue of the sky and return it to the way you saw it at the
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original scene. This effect is maximized
when viewing the sky with the sun at a
90° angle. Rotate the filter to maximize
the effect (see Figure 3.98).

With the sun opposite either shoulder, a
polarizer filter will sometimes dramati-
cally deepen the blue look to the sky. The
effect is diminished or completely elimi-
nated as you alter this angle and aim the
camera more and more either toward the
sun or away from the sun.

Like an ND Filter: 1.3-2 Stops
Less Light

As mentioned previously, the polarizer
filter appears much like a neutral den-
sity filter: It is shaded a tone of gray (see
Figure 3.99). This suggests that it will also
filter “normal” light coming through it,
which is true. When set to allow polar-
ized light to come through the filter, the
polarizer filter will still filter out approxi-
mately 1.3 stops of “normal” light. As
the outer filter element is rotated, more
polarized light is also absorbed by the
filter. When set to block all the polarized
=y e light, the total light reduction is approxi-
FIGURE 3.97 mately 2 stops.

Top, no polarizer filter used; bottom, polarizer filter used.

Linear and Circular

Polarizer Filters

When shopping for a polarizer filter, you
will notice there are both linear and circular polarizer filters. Linear polarizer filters are designed to
work with manual focus lenses and are usually less expensive. Circular polarizer filters should be
obtained for use with lenses with auto-focus capability.

Chapter 7 will be devoted to more exotic filters. The UV filter mentioned previously blocked UV light.
Another kind of UV filter transmits UV light and blocks all visible light, which is necessary when
photographing evidence only “visible” in the UV light range. When photographing evidence that is
fluorescent, you will need to use either a yellow, orange, or red filter on the lens, which will enable the
fluorescence of the evidence to be photographed, while the stimulating light of a laser or alternate light
source is blocked by one of these filters. An IR filter blocks visible light while transmitting IR light. This
filter is used when photographing evidence only “visible” in the IR light range.



The Eye Cup Cover

FIGURE 3.99
Polarizer filter: darkens the background cloth.

THE EYE CUP COVER

\ At the beginning of the chapter, it was explained

how the light coming in through the lens serves

double duty. A mirror reflected that light up into
FIGURE 3.98 the pentaprism, where other mirrors allowed
Relative angle to aarken a blue sky with a polarizer. the photographer to see the image coming in
through the lens. Once this mirror flipped up, when the shutter button was depressed, this same light
could travel straight back to strike the sensor. If light can travel from the lens to the viewfinder, the
reverse is also possible.

The lens was removed from the camera in Figure 3.100 to make it easier to see the image of a person
walking on the sidewalk across from the author’s office. The light is entering the viewfinder, is bounced
around by several mirrors, and you can see the result at the front of the camera. Without a lens to focus
the image more clearly, everything is a bit fuzzy. But, certainly, light can get into the camera from two
directions.

It is, therefore, appropriate that this chapter on exposure ends by mentioning that light entering the
camera through the viewfinder can have an effect on the exposure for any photograph. Normally, your
eye is pressed up close to the viewfinder; this
possibility is then moot. Stray light finding
its way around your head to sneak between
your eye and the eye cup of the camera and
eventually entering the camera is so minimal
that it is not a realistic concern. However,
many times your eye is not near the view-
finder when an image is captured.

If you are taking a series of bracketed photo-
graphs of evidence, the camera is normally
on a tripod, with the film plane parallel to
the evidence. You have already determined
the exposure for the first photograph in the
FIGURE 3.100 series of brackets, and the camera has been
View of light coming in through the viewfinder. focused. Using a shutter release cable, you
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take multiple shots, with only the f/stop usually needing to be altered. It is not necessary to look
through the viewfinder to do this. Even if the camera has auto-bracketing capability and will take three
different exposures with just one push of the shutter release cable button, you are not leaning toward
the camera to look through the viewfinder. After all, once the shutter is activated, the mirror flips up,

and nothing can be seen through the viewfinder.

If you are about to do a painting with light sequence outdoors at night, trying to properly expose
a large dim crime scene with multiple flashes, the camera is again set up as before, without an eye
pressed up against the viewfinder. This technique will be fully described in Chapter 5.

FIGURE 3.101
Eye cup cover on camera strap.

FIGURE 3.102
Eye cup and frame of viewfinder.

In these cases, stray light coming into the
camera through the viewfinder can affect
the exposure of the camera. Camera man-
ufacturers also know this and usually pro-
vide a “tool” to avoid this problem when
you first buy a camera. Most cameras sold
also come with a camera strap. On many
camera straps, there is an eye cup cover
(see Figures 3.101 to 3.103). Many people
do not even notice it. There is not much
to notice: usually just two projections that
will eventually slide over the left and right
edges of the eye cup frame. Many newer
cameras, including the Nikon shown in
Figure 3.103b, feature built-in sliding
viewfinder covers.

If you find yourself in a situation in which
you are about to depress the shutter by any
means and your eye will not be pressed up
to the viewfinder, use the eye cup cover on
your camera strap or built-in viewfinder
cover to avoid any exposure irregularities.
The result of this extra light influencing
the exposure for a particular shot is usu-
ally an underexposure. When more light
is noticed by the reflective light meter, it
adds this to the sum of the light it receives
through the lens and will provide a proper
exposure for all the light it has noticed. If
the “scene” is brighter, the meter will rec-
ommend an exposure combination that
uses a smaller aperture. A smaller aperture
results in an underexposure.



SUMMARY

Determining the proper exposure for an
image is an essential element of crime
scene photography. This chapter explained
the photographic variables related to expo-
sure. Each exposure variable affects the oth-
ers. One variable can be changed if another
is also changed to maintain exposure equi-
librium. The same overall exposure can be
achieved with different exposure settings.
This allows the photographer to capture
a properly exposed image with different
effects: different motion stopping capabil-
ity and different ranges of depth of field.
First, however, the basic exposure elements
must be understood.

FIGURE 3.103A
Eye piece cover in place.

Shutter speeds are not only exposure controls; they also are motion controls. The proper choice of
shutter speeds not only eliminates the risk of blurred photographs resulting from the movement of the
photographer at the instant the shutter is depressed but can also eliminate the blur that can be caused
by the movement of subjects and objects within well-composed photographs. This chapter provided
the information required to control motion and eliminate blur in photographs.

For any one exposure setting that the camera may indicate is a good exposure for a particular light-
ing condition, the photographer needs to be aware that other exposure choices will result in the same

FIGURE 3.103B

Newer Nikon cameras have built-in
viewfinder covers. (Courtesy of Ron
Taniwaki, Nikon Forensic Services.)
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exposure setting. Then, from all of the available choices, the photographer must choose the particu-
lar combination that will produce the best possible photograph. This choice should be based on the
conscious decision-making process of the photographer, not on the basis of an accidental camera
setting.

To provide for well-exposed photographs, SLR cameras have to be able to measure the amount of light
that is being reflected from the scene toward the camera and into the lens. That standard was explained
here. Various light meters are in use in different cameras. These meters determine the adequacy of the
light levels. Each was explained here.

The exposure meter is the “tool” used to determine a proper exposure. It indicates whether a
“proper” exposure has been established or whether the scene is currently overexposed or under-
exposed. Different scenes reflect different amounts of light. “Normal” scenes will result in proper
exposures. How can “non-normal” scenes be properly exposed? The answers were provided in this
chapter.

When the scene of interest does not reflect “normal” amounts of light toward the camera, the reflective
light meter in the camera body will not provide a “correct” exposure. Some well-known “tools” can be
used to help the photographer determine a “proper” exposure in these cases. This chapter discussed
four such “tools.”

Four exposure modes are available on some cameras. Two exposure modes are particularly well suited
for use at crime scenes, and two exposure modes should be used with caution. This chapter covered
these ideas.

Bracketing is the act of intentionally taking multiple exposures of the same subject, from the same
point of view. Not every image at a crime scene requires bracketing. Those that are frequently brack-
eted are images presenting a “tricky” exposure, those images destined for comparisons or analysis, and
any image the photographer thinks may benefit from additional exposures. There are different ways to
achieve a bracket. Methods to bracket in the manual exposure mode, the automatic exposure mode,
and bracketing with flash were all explained.

Eventually, a photographer may be able to develop a feel for different levels of light and will be
able to accurately predict the correct exposure for a variety of lighting conditions. The f/16 sunny
day rule is the basis for this ability. Frequently encountered light levels require the same exposure
settings. The f/16 sunny day rule points out this phenomenon. It is also a way for the beginner to
begin educating his or her photographic “eye” to develop an appreciation of how light influences
exposures.

It is extremely frustrating to have an entire roll of film uniformly underexposed or overexposed. There
are two main explanations for this. This chapter explained these two causes.

Filters are designed to filter the light that passes through them to produce certain effects. Because light
gets filtered, filters can affect the ultimate exposures by reducing the light allowed to reach the film.
This chapter explained the use of the most commonly used filters. They can serve as lens protection, as
light modifiers, and they can produce special effects.



What are the four variables that affect exposure? Why does changing one of them require an adjustment to
one of the other exposure variables? What are the two main reasons for changing exposure variables while
maintaining the same exposure?

How do different types of lighting affect the overall colors in your images?

What are two meanings of exposure latitude?

Shutter speeds affect motion. Which kinds of motion are affected?

To determine a “proper” exposure, you must use some standard. What is this standard? Explain “normal” and
“non-normal” scenes. Presented with a “non-normal” scene, how can you determine the “proper” exposure?
There are various methods for determining “proper” exposures. What are the different exposure modes?
Explain the different methods to bracket a shot.

Explain the /16 sunny day rule and its corollaries.

Explain the various filters commonly used by photographers and their effects on images.

The following are composition and exposure exercises only. As such, issues of focus, depth of field, and flash
techniques are not considered. You may use an SLR set to auto-focus. Composition and exposure are the only
issues in these exercises.

Compare your images with those in this chapter and with other images on the supplemental website of images,
referring particularly to the following image folders: Blacks, Exposure, Polarizer, Shutter Speed, Sky, and Whites.
If using film, rather than a digital camera, make sure to tell the film processor not to make any exposure corrections
when processing the film, because you have intentional overexposures and underexposures, and you do not want
these “corrected” during processing.

Determine the proper exposure for one item that is totally sunlit and photograph it.

Determine the proper exposure for one item that is totally in the shade and photograph it.

Freeze a subject walking parallel to the camera’s sensor 30 feet from the camera.

Fill the frame with a sheet of white paper on which you have written your name. Photograph it after
determining the “proper” exposure for it. Bracket +1 and —1.

Fill the frame with a black object. Photograph it after determining the “proper” exposure for it. Bracket +1 and —1.
Photograph a building facade that is in the shade.

Place an interesting object on your vehicle dashboard and photograph it through the windshield with a
polarizer filter used to eliminate the reflections on the windshield.

From this same position, photograph the same object without the polarizer filter.

Place something in a shallow puddle and photograph it through the water with a polarizer filter used to
eliminate the reflections.

From this same position, photograph the same object without the polarizer filter.

FURTHER READING

Adams, A. (1989). The Negative: The New Ansel Adams Photography Series, Book 2. Boston: Little, Brown and Company.
Baines, H. (1976). The Science of Photography. New York: Halsted Press.



CHAPTER 3 Basic Exposure (Non-Flash) Concepts

Child, J., & Galer, M. (2005). Photographic Lighting (3rd ed.). New York: Focal Press.

Davis, P. (1993). Beyond the Zone System (31d ed.). Boston: Focal Press.

Davis, P. (1995). Photography. (7th ed.). Boston: McGraw-Hill.

Duckworth, J. E. (1983). Forensic Photography. Springfield, IL: Charles C. Thomas.

Eastman Kodak Company. (1992). Kodak Photographic Filters Handbook. Rochester: Eastman Kodak Company.
Eastman Kodak Company. (2001). Using Filters. Rochester: Silver Pixel Press.

Hedgecoe, J. (2003). The New Manual of Photography. New York: DK Publishing.

Hedgecoe, J. (1996). New Introductory Photography Course. Boston: Focal Press.

Mannheim, L. A. (1970). Photography Theory and Practice. London and New York: Focal Press.
Miller, L. S. (1998). Police Photography (4th ed.). Cincinnati, OH: Anderson Publishing Co.
Mitchell, E. N. (1984). Photographic Science. New York: John Wiley & Sons, Inc.

Ray, S. E. (1999). Scientific Photography and Applied Imaging. Boston: Focal Press.

Ray, S. E (2002). Applied Photographic Optics. Woburn, MA: Focal Press.

Redsicker, D. R. (1994). The Practical Methodology of Forensic Photography. Boca Raton, FL: CRC Press.

Siljander, R. P., & Fredrickson, D. D. (1997). Applied Police and Fire Photography (2nd ed.) Springfield, IL: Charles
C. Thomas.

Upton, B. L., & Upton, J. (1998). Photography (6th ed.). Longman, NY: Addison Wesley.
Walls, H. J., & Attridge, G. G. (1977). Basic Photo Science: How Photography Works. London: Focal Press Limited.
Weston, C. (2008). Mastering Digital Exposure and HDR Imaging. Mies: Rotovision.

Woodlief, T. (1973). SPSE Handbook of Photographic Science and Engineering. New York: Wiley-Interscience
Publications.



CHAPTER 4

Focus, Depth of Field, and Lenses
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Acutance Diffraction Poisson'’s spot
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Learning Objectives

On completion of this chapter, you will be able to...

1. Explain the terms “resolution,” “acutance,” and “sharpness.”

2. Explain the concept of the “circles of confusion.”

3. Explain how to hyperfocal focus on a scene by use of a depth of field scale.

4. Explain how to hyperfocal focus on a scene without the use of a depth of field scale.
5. Explain how to zone focus on a scene by use of a depth of field scale.
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Explain how to zone focus on a scene without the use of a depth of field scale.

Explain the focusing adjustment required when using infrared film.

Explain the three factors that affect depth of field.

Explain the techniques to maximize depth of field.

Explain the various designations of lenses: focal length, “fast” or “slow,” and the widest aperture of the
particular lens.

Explain what a reference to a “normal” lens means.

Explain the effects on a photograph produced by telephoto lenses.

Explain the effects on a photograph produced by wide-angle lenses.

Explain the magnification ratios related to macro lenses.

Explain the meaning of the term “diffraction” and how to minimize its effects on images.
Explain the difference between pincushion and barrel distortion.

FOCUS

An entire chapter devoted to focus! How can that be? All you have to do is (1) look through the view-
finder, rotate the focus ring until your subject becomes clear, and take the shot; or (2) set the lens to
auto-focus, look through the viewfinder, depress the shutter button halfway to have the lens set the
focus for the subject, and take the shot.

If the process were that simple, we could move on to lenses. But it is not.

Although situations certainly exist when focusing with one of the preceding two methods is appropri-
ate, on many more occasions different focusing techniques are better choices.

Snapshot shooters will find it unbelievable, but many times it is best to (1) focus the camera without
looking through the viewfinder or (2) look through the viewfinder and focus at a location where no
evidence exists.

Experienced crime scene photographers understand the concept of focusing on areas rather than just
individual objects, but others may be confused.

The best way to introduce these new ideas is to point out the obvious. When arriving at a major crime
scene or major accident scene, law enforcement photographers photograph not only individual items
of evidence within the scene, but also the scene itself. The scene itself is an area within which the indi-
vidual items of evidence are located. Crime scene photographers photograph both crime scenes and
accident scenes (areas) and individual objects.

The photographs taken by most people not in law enforcement are very different. Most photographs
captured by the general public are of individual items. We photograph our family members, our boy
friends or girlfriends, our pets, a birthday cake, and the turkey on Thanksgiving. Even when the general
public photographs more than one individual or object, it frequently is really just “one” thing. Two or three
buddies shoulder-to-shoulder are a pair or a trio—one pair or one trio; one grouping. Four bridesmaids
lined up for a photograph are more often than not in a tight group or a single line—one group or one line.
When we photograph a line of trophies on the mantle, that really is just one grouping of several items.



But crime scene photographers must spend considerable effort capturing images of medium and large
crime scenes, as well as individual items within the crime scenes. These crime scenes differ from the
subject matter of most photographs. Foreground detail and background detail are present, and all the
items of evidence within this area are present.

A new Rule of Thumb is appropriate here.

RULE OF THUMB 4.1

The entire scene, and all the evidence within the crime scene,  should attempt to recompose the scene so the out-of-focus
should be in focus. If you know a part of the scene will be  area is no longer in the field of view.
out of focus if the photograph is captured as composed, you

Ensuring an entire area, from foreground to background, is in focus requires very different focusing
skills. It is relatively easy to focus on just one item. How do you, however, focus on an area that is 10’,
157, or 40’ deep? That is partially what this chapter is about.

Why is ensuring that the entire crime scene is in focus important? Ultimately, crime scene photogra-
phers take photographs at crime and accident scenes so that, if needed, they will be admissible in court
as evidence. A chapter on the admissibility of photographs in court as evidence is provided later in this
text. For now, consider just three possible objections a defense attorney might be able to come up with
when crime scene photographers try to offer the court a partially out-of-focus image as evidence. The
following three “objections” have been created by the author to emphasize the importance of ensur-
ing as much of your image as possible is in focus. The list of court citations in Chapter 12, related to
the admissibility of images, both film and digital, do not contain one case in which an image was held
to be inadmissible only because it was out of focus. Nevertheless, this author is using these fictitious
objections as a means to highlight the importance of focusing to maximize your depth of field, which
is one of this author’s Cardinal Rules.

“Your Honor, I object to this image. It is clearly out of focus” (in the foreground, or the
background, or somewhere). “When this photographer was at the crime scene, as he or she
looked around the scene, it was all seen in focus. Why are we not afforded the same opportu-
nity to see the scene completely in focus? A partially out-of-focus photograph does not meet
the standard of being a fair and accurate representation of the scene. How can it be fair or accu-
rate if parts of the image are out of focus? Exclude this image!”

“Your Honor, I object to this image. It is clearly out of focus” (in the foreground, or the
background, or somewhere). “I submit that the crime scene photographer intentionally blurred
part of this scene to hide certain items of evidence from us. He made certain that the evi-
dence he thought was important was in focus. How can we ascertain whether other evidence,
possible exculpatory to my client, was intentionally blurred because it did not coincide with
his or her premature conclusion that only my client was guilty of this crime? It is common
knowledge that photographers intentionally blur parts of photographs to force the viewer to
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look at just one part of the image area, while hiding other areas of the image area in blur. This
photographic trick highlights part of the image and hides other parts. Do not be tricked by this
photographer. Exclude this image!”

“Your Honor, I object to this image. It is clearly out of focus” (in the foreground, or the background,
or somewhere). “Either the photographer is trying to trick us by intentionally hiding aspects of
the crime scene (as in the objection immediately preceding), or the photographer is incompetent,
in which case this image should not be admissible as evidence, because you should not allow
inferior representations of the crime scene into this trial. If the (insert your own agency name
here) thought an aspect of this crime scene was important enough to photograph and to offer it
as evidence in this trial, they would have sent an experienced and competent photographer to do
the job. Judge, do not accept mediocre work. A blurry photograph is neither a fair nor an accurate
depiction of the crime scene. Exclude this photograph.”

Again, these are all fictitious objections. However, they do set the groundwork for the remainder of this
chapter, which emphasizes focusing and depth of field.

Focusing on individual items of evidence and entire crime scene areas are two different skill sets. Both
are critical.

Resolution, Acutance, and Sharpness

Before focusing techniques are explained, you must first understand what it is to be “in focus.” To do
this, it is necessary to differentiate three terms: “resolution,” “acutance,” and “sharpness.” Images are
often said to be “in focus” or “sharp” or “clear” as if these words all meant the same. Let us be a bit
more precise.

Resolution

Camera resolution is the ability of the camera system, which includes the lens optics, camera sensor
(film or a digital sensor), and image processing software, to distinguish, or “resolve” groups of alternat-
ing line pairs as the lines become increasingly thinner and they become increasingly closer together.

The classic line pair consists of a black line and a white line. As multiple line pairs become thinner and
closer together, at some point the distinction between the black lines and the white lines will become
less distinct; the result becomes a blending into gray.

A variety of resolution charts are available to measure relative resolution. Figure 4.1 shows an
example.

You can compare the relative resolution capacity of different lenses when used on the same camera
body or the same lenses when used on different camera bodies. You can also compare one manu-
facturer’s camera body with its highest grade of lens at one particular focal length with another
manufacturer’s camera body and lens.

Of particular interest in most photography magazines found on grocery store and drugstore shelves is
the comparison of resolution between film cameras and digital cameras. Digital camera websites are
also frequently returning to this question. Law enforcement agencies are also constantly asking, “Do
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FIGURE 4.1
Resolution chart.

digital cameras have the same resolution as film cameras yet?” The answer to that question can be the
deciding factor an agency considers when weighing whether or not to jump into digital imaging.

Although Chapter 10 describes digital imaging, this issue is too important to put off and will be par-
tially discussed here. Many may be looking for this answer, and it is certainly difficult to find any
authoritative coverage of the issues involved.

The question, “Do digital cameras have the same resolution as film cameras yet?” is a trap. It is asked
as if the answer provides the proper foundation for the decision to switch to digital or not. Many do
not believe the answer to that question should be the deciding factor in whether or not any particular
agency evolves into digital imaging. Two other questions can be asked that may seem to be very simi-
lar. One of the variants you might hear is, “Does the resolution of digital cameras meet the published
standards recognized within the professional community?” The third variant to the question is, “Can
the digital camera my agency provides its crime scene photographers do the job necessary?” Each of
these three questions will be examined.

Film certainly had the “resolution” necessary to capture details of evidence in a photograph so the
photos could successfully be compared with known items of evidence, resulting in identifications
between the two. How does digital “resolution” match up?
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First, one distinction has to be made clearly. In a discussion of digital resolutions sufficient so that
identifications can be made by latent print, shoe wear, or tire track examiners, the question does not
simply depend on the camera, lens, and digital camera software quality. The quality of the printer is
an essential part of the mix. A capable camera and lens can have an insufficient image produced by a
poor printer. In addition, a camera and lens with insufficient native resolution cannot be rescued by a
top-of-the-line printer. Somehow, however, it must ultimately be discovered what camera “resolution”
is necessary when paired with the printer your agency currently uses.

This chapter will limit itself to whether digital cameras have finally achieved the “resolution” necessary
for a laboratory examiner to use for identification purposes. After all, if the current crop of digital cam-
eras cannot capture images with enough detail to enable a positive identification between the digital
image and a known fingerprint, shoe print, or tire track, for instance, many agencies are not going to
be too concerned whether digital cameras can meet lesser standards. Most would agree that the current
crop of digital SLR cameras can adequately document the overall conditions of crime scenes and can
sufficiently record the relative positions of the evidence within the crime scenes. The remaining ques-
tion is whether digital cameras can substitute for film cameras when capturing images destined to be
used for comparison and analysis purposes, frequently called examination quality photographs.

Film Resolution versus Digital Resolution

Although 35mm film is a fantastic tool, we have become spoiled with it. It was clearly able to docu-
ment the current conditions of a crime scene or accident scene. It easily captured images of all the evi-
dence within the scene. In addition, 35mm film enabled the capture of fine details ultimately required
by examiners or image analysts to compare the resultant photographs of evidence from the crime scene
with actual items of evidence later seized during the investigation of the crime.

The film usually used for most “critical comparisons” or “examination quality photographs” was slow-
speed, ISO 100 black-and-white film. Slow-speed film was recommended because it produced enlarge-
ments without graininess and a loss of contrast. Black-and-white film was usually used because it
produced the sharpest images. When “examination quality” photographs were taken, the ability to
capture fine detail and show distinct shapes was paramount. Black-and-white 100 ISO film did this the
best of all the normal films available.

What is the resolution of 35mm 100 ISO black-and-white film? What is the digital equivalent?

When looking for an authoritative source for this answer, you usually do not need to look further than
the Scientific Working Group on Imaging Technology (SWGIT).

In the 1990s, the FBI Laboratory began supporting the creation of Scientific Working Groups (SWGs)
in the various laboratory disciplines. Some of the other SWGs are SWGDAM (DNA), SWGTREAD
(shoes and tires), SWGMAT (materials/trace), SWGDOC (questioned documents), SWGFAST (latent
fingerprints), SWGGUN (firearms and tool marks), and SWGDE (digital evidence). SWGIT explains its
reason for being:

The Scientific Working Group on Imaging Technology (SWGIT) was created to provide
leadership to the law enforcement community by developing guidelines for good practices for
the use of imaging technologies within the criminal justice system. (http://www.theiai.org/
guidelines/swgit/index.php)



The multiple guidelines produced by SWGIT are fundamental to the context of this text. It must be
stressed, however, that these guidelines are subject to being updated at any time. For current guidelines,
check SWGIT's website.

SWGIT has indicated the resolution of 100 ISO black-and-white film is 100 Ip/mm.! Because the size of a
35mm film negative is 24mm x 36mm, then 24(100) x 36(100) = 2400 x 3600, or 8,640,000 line pairs. If
one digital pixel is required for the black line and one digital pixel is required for the white line (even this is
debated, with the current thinking that it would take 3 to 4 pixels to adequately resolve a black-and-white
line pair at 100 Ip/mm), the digital equivalent is 24(200) x 36(200) = 4800 x 7200 = 34,560,000 pixels. At
the time this text is being produced, a 34 megapixel SLR digital camera cannot be found in camera stores. At
this time, there are only three digital SLR camera manufacturers with 20+ megapixel cameras (Canon’s EOS
5D Mark IT and 1Ds Mark ITI, both at 21.1mp; Nikon’s D3X at 24.5mp; Sony’s Alpha A900 at 24.6 mp), but
it will take some time before cameras of that resolution become the “norm” for crime scene photographers.

If this were the absolute criterion by which digital cameras could be used at crime scenes, no digital SLR
cameras could be used yet. At the rate of digital camera improvements, it will be many years before
35 megapixel digital SLRs are routinely available for crime scene work.

Look around you, and you will notice several federal, military, state, and local law enforcement agen-
cies are using digital SLR cameras for crime scene photography, so this must not be the criterion they
are using. Again, it must be emphasized that film had tremendous resolution, probably more than was
needed to enable identifications. So, it is very possible that if digital cameras have less resolution than
film did, it would still be possible to make identifications.

Resolution Standards/Guidelines

Are official standards offered for the minimal digital resolution necessary to do a particular job?
Yes. This standard is not used for crime scene photography, however. It relates only to the electronic
transmission of 10-print facsimiles.

When Automated Fingerprint Identification System (AFIS) computer networks were developed, it was
necessary to develop a standard by which copies/facsimiles (faxes) of 10-print cards could be sent from
one jurisdiction to another. One jurisdiction may have a freshly developed latent fingerprint from a
crime scene that was tentatively “matched” to a known print in the files in another jurisdiction. As a
point of clarification, AFIS systems do not make “matches.” They come up with a list of “candidates”
that have similarities to a latent print of interest. Only latent print examiners can make identifications.
Unfortunately, in the popular media, such a “candidate” is frequently misnamed an “identification.”
So that a latent print expert could confirm this “match,” the 10-print card had to be faxed to the juris-
diction holding the crime scene print. A minimum standard for the quality and resolution for the fax
machine had to be developed. The National Institute of Standards and Technology (NIST) ultimately
decided on 1000 pixels per inch (ppi) at 1:1 as the minimum resolution.

A 1:1 magnification ratio occurs when an item of evidence is life size on a negative. As stated previ-
ously, the 35mm negative is 24mm X 36mm in size. A single digit fingerprint fits nicely within the
bounds of 24mm x 36mm.

'SWGIT, Guidelines for the Field Applications of Imaging Technologies in the Criminal Justice System (Version 2.3 2001.12.06).
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A'24mm X 36mii negative istoughly 17x 1.5 As long as the fax could produce 1000 ppi resolu-
tion, it could adequately transfer copies of 10-print
cards through the wires.

Although probably improper to consider this fax
resolution standard to apply to crime scene photo-
graphy, just for the sake of discussion, this is the
result.
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Keep in mind that 24mm X 36mm is roughly
/ I l I | LI I I | I I | I I l | I I l I I I I | equivalent to 1 inch x 1.5 inches. Therefore, 1”7
. (1000) x 1.5” (1000) would be the necessary reso-
lution for a digital camera to adequately capture a
single digit fingerprint; 1000 x 1.500 = 1,500,000,
or 1.5 megapixels (see Figure 4.2).

FIGURE 4.2
1”7 x 1.5” fingerprint.

Today, when SLR digital cameras are readily available in 6, 8, and up to 16 megapixels, this seems like
an easy standard to be bound by. It is a deceiving standard, however. What if the evidence necessary to
be captured by a digital camera is larger than 1”7 x 1.5”? If this same standard were used, what would this
mean if an item of evidence fits within a 2” x 3” area? Because this area is twice the area of 1” x 1.5”, does
this not also mean the digital resolution is simply doubled to require a 3 megapixel camera? NO.

Consider this: 2” (1000) x 3” (1000) = 2000 x 3000 = 6,000,000, or 6 megapixels. Doubling the size of the
evidence requires quadrupling the resolution of the digital sensor. That means photographing two adja-
cent fingerprints would require a 6 megapixel digital camera. It would also mean that if the evidence
filled a 3” x 4.5” area, 3” (1000) x 4.5” (1000) = 3000 x 4.500 = 13,500,000, or a 13.5 megapixel camera
would be needed. If this standard were the required standard for all evidence, some larger than 3” x 4.5”, it
can easily be seen that digital cameras quickly become inadequate to the task. The NIST standard of 1000
ppi for known fingerprints to be sent by fax, however, is not applied to any other type of evidence.

After the first edition of this book was printed, SWGIT and the Institute for Forensic Imaging (IFI), affili-
ated with Indiana University-Purdue University Indianapolis (IUPUT) collaborated on research to deter-
mine the minimum resolution to be recommended for examination quality images. A digital camera
with a resolution of 8 mp was then determined to be needed to capture sufficient detail to be used for
some examination photographs. This standard of 8 mp was subsequently published by Herbert Blitzer,
Karen Stein-Ferguson, and Jeffrey Huang in Understanding Forensic Digital Imaging (2008).

It must be mentioned that as this second edition is being prepared for publication, in the fall of 2009,
SWGIT has pulled several of its guidelines related to the recommended resolution of digital cameras,
and they are being revised. These revisions may not be completed until early 2010, when this edition is
due to be printed. It was hoped that these recommendations would be available to be included in this
second edition. Murphy’s Law again reared its ugly head! It is not necessary, however, that these rec-
ommended resolutions be published in this text, since over the lifespan of this second edition, those
recommendations may be changed again. As camera and printer technologies evolve, current recom-
mendations for the equipment that will “best” get the job done will probably also change. You should
keep referring to the latest SWGIT, SWGFAST, and SWGTREAD guidelines.



When Digital Cameras Can Do the Job

What objective criterion can be used to justify the use of digital cameras to capture images that will be
used for critical comparisons or examination quality photographs? This is exactly what Herbert Blitzer,
research scientist with the IFI, set out to determine in his 2007 tests. The scientific tests resulted in the
determination that an 8 mp digital camera could get the job done. As mentioned previously, these
results were then published (see Blitzer, Stein-Ferguson, and Huang, 2008). But a year has gone by
since then, so this author contacted Mr. Blitzer just before this manuscript for the second edition was
sent to Academic Press. Mr. Blitzer was asked whether he knew if current researchers had either cor-
roborated his previous findings, or if he was aware of other published findings. He indicated no one
has either refuted his findings or suggested another standard.

Does this mean digital cameras with resolutions beyond 8 mp will never have to be purchased in the
future? There are many good tools available to do a variety of jobs, but that has not kept innovative
researchers from trying to improve on current technology. That being said, it remains to be determined
how best to utilize camera-printer tools.

When the first edition of this text was being written in the summer and fall of 2006, it seemed as
though the most prevalent digital camera being used by law enforcement agencies was a 6 mp cam-
era. The best printer available then was a dye-sublimation printer, capable of printing a 300 ppi image.
Since then, the digital camera megapixel race continued between the digital camera manufacturers,
and printer technology has also improved. It seems that today (the fall of 2009), many agencies are
now using 8 mp and 10 mp cameras, and inkjet printers are now capable of printing 400 ppi and 500
ppi digital images. Printer output is usually expressed in dots per inch (dpi), but you can also think of
a printer as being capable of printing digital images captured with a particular number of pixels per
inch (ppi). Although there are many digital cameras available with resolutions above 10 mp, they don’t
seem to be the norm in the hands of crime scene photographers yet. But, this will change.

To provide you with an overview of the possibilities, this section will provide camera and printer capa-
bilities for 8 mp, 10 mp, and 12 mp cameras. These will be related to printers capable of printing all
the detail within digital 300 ppi, 400 ppi, and 500 ppi images.

If your agency is currently using a printer capable of printing all the detail in a 300 ppi image:

With an 8 mp camera (3264 x 2448 pixels), capturing 10.88” of detail in the viewfinder will
result in a full-resolution print. Try to limit yourself to a maximum of 10.88” of the world in
the viewfinder. If your try to include greater than 10.88” of subject matter in one image, you'll
be losing the 8 mp capability of your camera. For instance, filling the frame with an object
12” long—for instance, a shoe print—will spread those 3264 pixels out over 127, resulting

in just 272 ppi, or the equivalent of just under a 5 mp camera. Therefore, if it is necessary

to photograph an item that is 12’ long, the optimal way to photograph it is by taking two

7” overlapping images. On the other hand, if you can fill the frame with less than 10”—for
example, an 8” long partial shoe print—then you'll be spreading those same 3264 pixels over
just 8”. This results in 408 ppi, which is the equivalent of an 11.1 mp digital camera.

With a 10 mp camera (3872 x 2592 pixels), you can have 300 ppi over 12.9”. Try to limit
yourself to a maximum of 12.9” of the world in the viewfinder. If you try to include greater
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than 12.9” of subject matter in one image, you'll be losing the 10 mp capability of your camera.
For instance, filling the frame with an object 15” long will spread those 3872 pixels out over
15”, resulting in just 258 ppi, or the equivalent of a 5 mp camera. Therefore, if it is necessary
to photograph an item that is 15” long, the optimal way to photography it is by taking two 8”
overlapping images. On the other hand, if you fill the frame with less than 12.9”—for example,
9” of subject matter—then you'll be spreading those same 3872 pixels out over just 9”. This
results in 430 ppi, which is the equivalent of a 12.3 mp digital camera.

With a 12 mp camera (4256 x 2832 pixels), you can have 300 ppi over 14.2”. In this case, try
to limit yourself to a maximum of 14.2” of the world in your viewfinder. If you try to include
greater than 14.2” of subject matter in one image, you'll be losing the 12 mp capability of
your camera. For instance, filling the frame with an object 17” long will spread those 4256
pixels out over 17”7, resulting in just 250 ppi, or the equivalent of a 4.2 mp camera. Therefore,
if it is necessary to photograph an item that is 17” long, the optimal way to photograph it is
by taking two 9” overlapping images. On the other hand, if you can fill the frame with less
than 14.2”—for example, 9” of subject matter—then you’ll be spreading those same 4256
pixels out over just 9”. This results in 473 ppi, which is the equivalent of a 14.9 mp digital
camera.

Why should anyone be so concerned about filling the frame with an area less than the optimal distance
to produce a full-resolution digital image? The answer is that the extra resolution will enable an examiner
to crop and enlarge smaller areas in the image, when seeing fine detail is necessary for making the
comparison and identification.

If your agency is currently using a printer capable of printing all the detail in a 400 ppi image:

With an 8 mp camera (3264 x 2448 pixels), capturing 8.2” of detail in the viewfinder will
result in a full-resolution print. Try to limit yourself to a maximum of 8.2” of the world in the
viewfinder. If it is necessary to photograph an item that is larger than 8.2” long, the optimal
way to photograph it is by taking two overlapping images. On the other hand, if you can fill the
frame with less than 8.76”, then you'll be spreading those same 3264 pixels over less area. This
effectively increases the resolution of your digital camera.

With a 10 mp camera (3872 x 2592 pixels), capturing 9.7” of detail in the viewfinder will
result in a full-resolution print. Try to limit yourself to a maximum of 9.7” of the world in the
viewfinder. If it is necessary to photograph an item that is larger than 8.2” long, the optimal
way to photograph it is by taking two overlapping images. On the other hand, if you can fill the
frame with less than 9.7”, then you'll be spreading those same 3872 pixels over less area. This
effectively increases the resolution of your digital camera.

With a 12 mp camera (4256 x 2842 pixels), capturing 10.6” of detail in the viewfinder will
result in a full-resolution print. Try to limit yourself to a maximum of 10.6” of the world in the
viewfinder. If it is necessary to photograph an item that is larger than 9.7” long, the optimal
way to photograph it is by taking two overlapping images. On the other hand, if you can fill the
frame with less than 10.6”, then you'll be spreading those same 4256 pixels over less area. This
effectively increases the resolution of your digital camera.



If your agency is currently using a printer capable of printing all the detail in a 500 ppi image:

With an 8 mp camera (3264 x 2448 pixels), capturing 6.5” of detail in the viewfinder will
result in a full-resolution print. Try to limit yourself to a maximum of 6.5” of the world in the
viewfinder. If it is necessary to photograph an item that is larger than 6.5” long, the optimal
way to photograph it is by taking two overlapping images. On the other hand, if you can fill the
frame with less than 6.5”, then you'll be spreading those same 3264 pixels over less area. This
effectively increases the resolution of your digital camera.

With a 10 mp camera (3872 x 2592 pixels), capturing 7.75” of detail in the viewfinder will
result in a full-resolution print. Try to limit yourself to a maximum of 7.75” of the world in the
viewfinder. If it is necessary to photograph an item that is larger than 7.75” long, the optimal
way to photograph it is by taking two overlapping images. On the other hand, if you can fill the
frame with less than 7.75”, then you'll be spreading those same 3872 pixels over less area. This
effectively increases the resolution of your digital camera.

With a 12 mp camera (4256 x 2842 pixels), capturing 8.5” of detail in the viewfinder will
result in a full-resolution print. Try to limit yourself to a maximum of 8.5” of the world in the
viewfinder. If it is necessary to photograph an item that is larger than 8.5” long, the optimal
way to photograph it is by taking two overlapping images. On the other hand, if you can fill the
frame with less than 8.5”, then you'll be spreading those same 4256 pixels over less area. This
effectively increases the resolution of your digital camera.

If the effective working distance of your digital camera/printer combination, as indicated previously,
seems impractical for any reason, consider returning to film to get that job done. For instance, if you
are attempting to photograph a long tire track, and it is your custom to photograph tire tracks as 19”
segments (see Chapter 5), then to photograph each segment with just one digital image would require
a21.67 mp digital camera when using a 300 ppi printer, a 38.5 mp digital camera when using a 400 ppi
printer, and a 60 mp digital camera when using a 500 ppi printer. If those resolution digital cameras
aren't currently in your camera bag, then you have only two choices: capture segments using a digital
camera or use film.

Acutance
Acutance refers to the camera’s ability to render a sharp edge of the subject as a sharp edge in the
photograph.

This is obviously part of what we think of when we speak of sharp focus and good resolution. Acutance
means a clear and precise distinction exists between the edge of one object and the beginning of
another adjacent object. Referring back to resolution and the line pairs it deals with, if a white line
were adjacent to a black line, the edge between them would be crisp and well defined, with no overlap
between the two.

Unfortunately, photographers take this ability for granted. However, with imaging systems, achieving
this goal is often difficult. Before camera lenses existed that had to capture such fine detail, telescopes
and microscopes had to deal with the same lens quality issues. In the 1880s instrument maker Carl
Zeiss began collaborating with physicist Ernst Abbe to perfect the optics of microscopes. The Carl Zeiss
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name is still found on some of the best camera lenses made. Ernst Abbe’s name is so closely related
to quality optics that the term aberrations, denoting the defects in optics quality that he worked to
eliminate, is actually derived from his name.

The concept of edge sharpness will be revisited in the section on diffraction. Images of sharp-edged
items will be shown that do not replicate the sharp edges of the object. The causes and possible solu-
tions to this problem will be discussed later in this chapter.

=

FIGURE 4.3
Light rays converging at film plane.

FIGURE 4.4
Light rays converging before the film plane.

FIGURE 4.5
Light rays converging after the film plane.
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Sharpness, or Being in Focus

When you think of an image being in focus, you
usually think of light coming into the camera
through the lens and converging at the sensor at
a precise point. As light makes its way through the
lens, it becomes a smaller and smaller circle, which
looks like the converging ellipses in Figure 4.3.

Figure 4.4 shows the light focusing in front of the
sensor and then continuing on until it strikes the
sensor as a small circle. In this case, the image will
technically be out of focus.

Figure 4.5 shows the light unfocused until some dis-
tance after the sensor. Of course, the light cannot travel
through the sensor to focus behind it. But, when it
strikes the sensor, it is also a small circle. In this case,
again, the image will technically be out of focus.

These simplistic graphics are presented to introduce
the concept of the circles of confusion. Simply
stated, as long as the light, reflected from a single
point in space, enters the lens and remains a circle,
rather than coming together at the sensor at a spe-
cific point, the image can be considered “confused”
and out of focus. It does not matter whether the
light would have become a point in front of or after
the sensor. If a circle of light is formed on the sen-
sor, the result is an out-of-focus image.

Of course, the concept of depth of field (DOF) is
temporarily being ignored, which is the extended
area in front of and behind the plane of precise
focus that still appears to the eye to be in focus.

Consider this explanation of the circles of con-
fusion to be the purely mechanical definition of
critical focus. We will get to depth of field soon.



Manual Focusing

When the word “focusing” is mentioned, most people think of the manual focusing technique. To
manually focus a camera, you simply rotate the focus ring while looking through the viewfinder until
the object/person of interest comes into focus, which is the way most people focus a camera. However,
whenever more than one object/person, at different distances from the camera, is of interest, then you
need a different strategy to ensure all the items/people are in focus at the same time.

Focusing on just one item at a time is the perfect
situation for using the manual focusing technique,
which presumes, of course, that the item is com-
posed with the film plane parallel to the item of
evidence. That Cardinal Rule certainly applies here.
If, and only if, the entire item of evidence is com-
posed with the film plane parallel to it will man-
ual focusing be successful. If the item of evidence
is (mistakenly) composed from a diagonal point of
view, the manual focusing technique may not be
successful.

FIGURE 4.6 Figure 4.6 shows a photo of a semiautomatic pistol
Gun, film plane parallel. taken with the film plane parallel to the top surface
of the weapon. Because the entire surface of the pis-
tol is the same distance from the camera, it is completely in
focus. You expect an entire item to be in focus when a photo-
graph is taken. But, sometimes expectations are not met.
Figure 4.7 shows the same pistol. In this shot, however, the
photographer assumed a diagonal point of view to the pistol. The
focus point was the near end of the muzzle. The muzzle is closer
to the photographer than the pistol’s grip. It is evident that as
you look further along the pistol, from front to rear, the weapon
begins to become “softer.” The entire pistol is not in focus. The
carpeting just beyond the grip is noticeably “softer” also.

Manual focusing on single items of evidence is best done with
the film plane parallel to the top surface of the evidence.

Automatic Focusing

Many newer cameras have auto-focusing capabilities. Basically,
when the shutter button is depressed halfway, these cameras
usually focus on the object in the center of the viewfinder.
Different camera manufacturers have different methods of
: i indicating just what this auto-focus point is. Frequently, it is
FIGURE 4.7 designated by a small rectangle or circle in the center of the
Gun, oblique camera viewpoint. viewfinder. Consult your camera manual for these variations.




CHAPTER 4 Focus, Depth of Field, and Lenses

Caution, however, should be used when using auto-focus. The improper use of auto-focus is often the
explanation for out-of-focus photographs. How can this be?

An example may help. At a homicide by throat slashing, a crime scene photographer tried to photo-
graph a gaping wound to the victim’s neck, and this crime scene photographer was in the habit of using
the auto-focus capability of the camera. All of the photographs came back with the chin of the victim
in focus and the wound out of focus. What happened? The auto-focus locked on the chin, without the
crime scene photographer noticing it. The proper use of the auto-focus capability of the camera would
have resulted in a better image. But, in this case, the crime scene photographer relied on the automa-
tion of the camera to do his job for him. The camera did, in fact, attain focus on part of the scene, just
not on what the photographer was really interested in.

Many teachers of basic photography techniques require their students to use only manual camera
settings. It is best for students to learn to be totally responsible for the net product of their efforts.
Relinquishing responsibility for any of the camera’s functions to a camera’s automatic functions is not
the proper way to learn photography. It is better to have well-trained crime scene photographers than
to have “intelligent” cameras. Teachers often tell students they can either teach them photographic the-
ories and principles, or the students can just leave their “smart” cameras in class and then go home. It
is much better for photographers to learn how to use every facet of the camera kit than for them to rely
on the camera to make certain decisions for them.

Moral: The photographer is responsible for the final quality of the image. Blaming an automatic feature
of the camera equipment for a marginal or unacceptable photograph is a poor excuse. If you choose to
use any feature of a camera, you must use it correctly and be responsible for the results.

The auto-focusing capability of a camera can be used effectively; it is just important to be aware of what
the camera has locked on to before the shutter is fully depressed to capture the image.

When to Use Auto-Focus

When many purchasers are willing to spend additional money on an auto-focus camera, how can
anyone justify a recommendation not to use it? It is certainly a valued feature of many cameras.
However, many general-purpose camera purchasers also demand a camera with auto-exposure, or
program exposure mode. It is said that many purchasers of cameras want the camera to automatically
make all the “ complicated” decisions for them so that they can concentrate on more “creative” aspects
of photography. Crime scene photographers usually fall into a different class. The images crime scene
photographers capture can help put someone in prison. The images crime scene photographers capture
can help convict a defendant ultimately sentenced to death. These images usually are more purposeful
than those captured by the general public.

When would the auto-focus mode be appropriate for crime scene photography? Certainly, when only
one main subject is in the field of view, auto-focus may speed things up a bit without having the photo-
grapher relinquish any responsibility.

In a surveillance situation, when it can be anticipated that the subject will be moving toward the cam-
era or away from the camera, predictive auto-focus may be the only way to capture the image. Predictive
auto-focus enables the camera to track a moving subject at different times at different distances from



the camera. Presuming that the subject is moving at a constant rate, the camera’s computer can deter-
mine the anticipated distance change in a given amount of time and automatically focus the camera
for the position where the subject will be in the next instant. It would be impossible to hold the cam-
era and continually make fine refinements to the focusing in situations like this, which is one time the
technology must be used to capture the desired image.

An experienced photographer, knowledgeable about when auto-focus is likely to be unsuccessful
in attaining accurate focus, can also use auto-focus. With more awareness on the part of the photo-
grapher imaging the slit neck in the homicide situation mentioned previously, auto-focus could
have been successful. Achieving the right result just takes a photographer aware of what the camera
is doing.

Difficult-to-Focus Subjects for Auto-Focus

When is auto-focus likely to fail? Some auto-focus cameras require subject matter that has prominent
vertical elements, and some require prominent horizontal elements. Check your camera’s manual. In
either case, when the subject matter lacks distinct detail for the camera’s focusing system to lock onto,
the auto-focus capability of a camera may fail, which can usually be noticed by the focusing system
continually searching for something to grab onto, moving throughout its focusing continuum and
never locking at any one distance. Frequently encountered examples of this type of subject matter are
a uniformly blue sky or an interior wall with a single color on it.

If the camera’s focusing system fails to lock onto something, usually two options exist: Attempt to
find a substitute object to focus on at approximately the same distance from the camera. Focus on it,
by depressing the shutter button down halfway, keep the shutter button partially depressed, swing the
camera around to the primary subject, and depress the shutter button the rest of the way. Or switch to
manual focus.

Auto-focus may also fail in dim, low-light conditions. Under these conditions, some cameras may
have the capability of emitting an infrared pattern that projects onto the subject, and the camera then
focuses on this infrared pattern. If your camera does not have this capability, switching to manual focus
may be your only alternative.

Conversely, bright lights or strongly backlit scenes may “confuse” a camera’s auto-focus system. If a sur-
face is reflecting specular elements, the auto-focus system may fail.

When nearby and distant elements are near the center of the viewfinder, the auto-focus system may not
be able to decide which is the intended target and give up trying. One example is a caged animal in a
z0o0. If the bars or wiring are too close to the animal in the field of view, the camera may not be able to
decide if the relatively close cage or the distant animal is the prime subject matter. In these situations,
you may have to switch to manual focus.

Finally, if two distinct types of subject matter are near each other, the auto-focus system may success-
fully focus on one of them when it was really the other object you were concerned with. Remember the
chin and slit neck situation mentioned earlier. Double-check that the auto-focus system is focusing on
what is important to you. Or, rely on manual focus and feel assured you will infrequently focus on an
aspect of the scene unimportant to you.
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Focusing with a Zoom Lens

Many crime scene photographers have a zoom lens as their primary lens. Frequently encountered are
zoom lenses like 35mm to 80mm or 28mm to 105mm. Many years ago, a distinct advantage existed
to the use of a prime lens with only one focal length. Such lenses were clearly sharper and had fewer
lens aberrations.

Lens design and construction has significantly improved to the point where there is no longer a nega-
tive stigma attached to using a zoom lens. Indeed, some excellent zoom lenses are on the market.

If a zoom lens is regularly your lens of choice, or if it is what your agency has provided you for the
job, how can you use it to maximize your focusing task? As mentioned previously, many zoom lenses
include a wide-angle range and a telephoto range. One of the known benefits of telephoto lenses is
their magnification capability. Would you rather focus on an object when it is small and difficult to see,
or when it is larger and more clearly defined? Obviously, the latter. If a zoom lens is the tool you are
currently using, use it efficiently. To focus on any subject, zoom the lens to its telephoto setting to use
its magnification capability. Focus. Reset the lens to the focal length you want to use, and be comforted
in the knowledge that once you have focused the lens at any focal length setting, selecting a different
focal length does not de-focus the lens. Know the tool, and use it appropriately.

Pre-Focus

This author once worked with a crime scene technician who would enter a crime scene, raise the cam-
era to his eye, and then move forward and backward until the subject became sharp. However, under
one circumstance, this is exactly the best way to focus a camera. Have the camera pre-focused, and then
move the camera forward and backward until the subject matter becomes sharp.

What is this circumstance? It is when you intend to take a series of bracketed images of a fingerprint.
In this circumstance, you will set the camera so it captures a 1:1 magnification of the fingerprint,
which is when the single fingerprint fills the frame
in the field of view, also ensuring the fingerprint is
life-sized on the negative. Recall Figure 4.2. A single
digit fingerprint nicely fills the frame when magni-
fied to 1:1.

Figure 4.8 shows the size of a single digit fingerprint
on a negative. Almost perfect composition. Another
way to think of 1:1 magnification is to think of
filling the frame with a single nickel. Figure 4.9
does the same thing. The nickel is life-sized on the
negative. Of course, there is not much need to fill
the frame with nickels at crime scenes, but crime
scene photographers certainly photograph many
fingerprints.

FIGURE 4.8
Fingerprint on negative. Why pre-focus? For two reasons.



One alternative is to put your camera on a tripod, set
the tripod down an arbitrary distance from the finger-
print, and then begin focusing by turning the focus
ring. You may focus and focus and focus, and then
eventually realize the camera is too close to the fin-
gerprint to ever achieve proper focus. Every lens has
a close focusing distance. Closer than this distance,
the lens cannot focus. Placing the tripod down at this

) y distance is a waste of time and makes you look as
\i; . though you do not understand your own equipment.
Not a good way to earn the respect of your peers.

. . ' ' .9 ' ee If you place the tripod too far from the finger-
FIGURE 4.9 print, the camera will eventually be able to focus.
141 nickel. However, if you are further than need be, when

you do achieve focus, the fingerprint will be
smaller than optimal. Remember the Cardinal Rule, fill the frame? In this situation, it counts. If the
camera is further from the fingerprint than necessary, the fingerprint is smaller on the negative. If
the fingerprint is not as large as possible, you are using too many film silver halide crystals or too

many digital pixels capturing nonfingerprint detail. Why waste your sensor’s ability to capture detail
of irrelevant space?

Pre-focus the camera to its closest focus distance. One end of the focusing continuum is infinity;
the other end is the lens’ closest focusing distance. This can be done without looking through the
viewfinder. Just look down on the lens and adjust the focusing ring until it stops at the short end
of its distance scale. Having pre-focused the camera, move the camera mounted on a tripod toward
the fingerprint until the fingerprint comes into focus while you look through the viewfinder. In this
situation, all other focusing techniques are second best.

Hyperfocal Focusing

Many times crime scene photographers must capture entire crime scenes and areas in focus rather than
individual items of evidence. As mentioned earlier, focusing on areas requires a different skill set. In
the normal sequence of crime scene photography, photographers frequently must capture images of
large outdoor crime scenes. If the crime occurred indoors, photographers frequently begin by photo-
graphing the exterior of the building in which the crime occurred and the surrounding areas by which
any suspects could have gained ingress and egress. These are large areas. What is the proper technique
to maximize the depth of field with large exterior crime scene photographs?

It might be good to revisit the definition for depth of field. Depth of field is the variable area, from
foreground to background, of what appears to be in focus to the eye. It is a variable area because photo-
graphers can select camera variables that restrict the depth of field to just one plane or just one distance
from them. Or, photographers can select camera variables that maximize the depth of field, ensuring
large areas are in focus when the photographic print is eventually made.
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This situation is made more complicated because the
camera usually shows only one plane, or one distance
from the camera, to be in focus at a time. When look-
ing through the viewfinder, you usually see only one
area of the scene in focus at a time. Well-trained crime
scene photographers, however, will be confident that
when the image is printed, more than what they saw
through the viewfinder will be in focus.

Figures 4.10 to 4.12 show this ability to manipulate
the area in focus to suit the photographer’s needs.
Figure 4.10 shows a restricted depth of field, with
FIGURE 4.10 only the front of the numbered evidence markers
Wide aperture, focused on #1. in focus. Figure 4.11 transfers this narrow area that
is in focus to the rear numbers. Finally, by choosing
the correct camera variables, the photographer can maximize the depth of field range and have all the
numbers in focus at the same time, as in Figure 4.12.

Here, then, is a new Rule of Thumb.

RULE OF THUMB 4.2

If you are composing on an area as your primary subject, the entire area, from front to back, should be in focus.

Why include an area in your composition if you know it will be out of focus? Another way of saying
the same thing is this: If you know an area will be out of focus, exclude it from your composition. Do
not give anyone the opportunity to criticize your photographs because areas are out of focus.

This may be the first time this author’s pedagogical style has been so blatant. Crime scene photographers
capture very important images. The consequences to the defendant are enormous. The responsibility of

FIGURE 4.11 FIGURE 4.12
Wide aperture, focused on #15. Small aperture, all in focus.



photographers is, therefore, just as weighty. Chapter 2 mentioned the photographer’s full field-of-view
responsibility. Do not take this lightly. Purposefully include in your photographs only the details you
wish in them; exclude from your images as much as is irrelevant as possible. Once you have decided
what will appear in your field of view, you now have the obligation to ensure it is well exposed.
Achieving a proper exposure is not sufficient. It is just as important to ensure it will be in focus.
Certainly, you will not be considered much of a photographer if your well-exposed detail is out of
focus. So, too, having in-focus detail improperly exposed is just as problematic. Photographers have
the responsibility to compose, expose, and focus properly on their subject matter.

Hyperfocal focusing is the technique to maximize the depth of field when infinity is composed in the
background. Infinity (o) is normally considered an unimaginable large number or quantity. On a cam-
era’s focusing ring, however, infinity is more mundane.

In Figure 4.13, the top two rows of numbers are distance indicators, both in feet (top row) and meters
(second row). Notice that infinity (eo) is the next figure after the 10-meter mark. As the distance indica-
tions move from left to right, they seem to be getting progressively closer together. The space between
the 2-meter mark and the 3-meter mark is larger than between 3 meters and 5 meters. The space
between 5 meters and 10 meters is smaller yet, which suggests that if an actual number had been
printed on the distance scale in place of the infinity symbol, it would be perhaps 20 meters or so. What
this means, for all practical purposes, is that as far as the camera is concerned, infinity is the equivalent
of 60 to 80 feet and beyond.

Thinking like a camera, then, you can place photographs into three rough categories:

Large scenes, with infinity in the background.
Medium distance scenes, where infinity is not in the background.
Close-up images of individual items of evidence.

Hyperfocal focusing is the focusing technique for the first cat-
S e egory, when maximizing depth of field is a primary concern.
7 1 0 1 5 36- If you accept Rule of Thumb 4.2 and wish to ensure that infin-
2 3 5 10 Fove) ity must be in focus if it is in the field of view, you may be
tempted to actually focus on infinity.

i Te T T
zlz ]lﬁ 1l1 é [: I LBNNIE 2 Look ahead to Figure 4.14, which shows a camera focused on
infinity. The focusing line is aligned with the infinity symbol,
FIGURE 4.13 which is the most efficient way to ensure infinity will be in
Focusing ring. focus, right? Wrong.

Figure 4.14 also shows a third row of numbers beneath the
. . - distance rows. These are pairs of numbers on either side of the
10 15 30 ft focusing point called the depth-of-field scale (DOF scale).

3 5 10 O m Some lens manufacturers include this very handy scale on
I their lenses. Unfortunately, a trend to omit this scale on many
newer lenses seems to exist. Do not fear. This text will provide

BARE N 8
2 611684 | 48116 2

FIGURE 4.14 suggestions for hyperfocal focusing whether or not your
Focused on infinity. particular lens actually has a DOF scale.
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What is the DOF scale? The DOF scale is a tool to enable photographers to determine the DOE the area
that will appear to be in focus when the image is processed. Remember, when you are looking through
the viewfinder, only one distance from the camera appears to be in focus at any time. You must some-
how know that more than just one distance will be in focus when the image is printed, depending on
the camera controls selected.

As previously indicated, only one point exists where the light coming in through the lens will come
together to form an exact point on the sensor. If the light coming in through the viewfinder formed a
circle when it reached the sensor, as indicated previously, the result would be an out-of-focus image.
Now is the proper time to refine that simplistic explanation of focusing. To do this, we must revisit the
concept of the circles of confusion.

The notion that being in focus only occurs when light meets at a single point on the sensor is a very
mechanical explanation. In fact, the eye is a very remarkable sensor. It can actually detect some of the
light striking the sensor as small circles as being in focus, which means that instead of a single dis-
tance from the camera appearing to the viewer as being in focus, an area before the point of exact focus
appears to the viewer to be in focus and an area behind the point of exact focus appears to the viewer
to be in focus. Some of the light striking the sensor as small circles is perceived to the viewer as being
in focus, just as the light striking the sensor at a single point.

Research has shown that circles striking the sensor as large as 0.025” to 0.033” in diameter will appear
to the eye to be in focus. You may not be able to imagine circles with that diameter range, so it is dif-
ficult to grasp this concept with just this information. Graphics help immensely, and perhaps they will
make the concept easier for you to understand.

Although the circumstances in Figure 4.15 cannot exist in reality, because light cannot travel past the
film plane, this graphic does make it somewhat easier to understand DOFE Consider the small shaded
circles to have a diameter of 0.25” to 0.033”, which is the resolution limit of the eye. Light coming

FIGURE 4.15
In-focus circles of confusion,
large aperture.

Film Plane

>

. Circles perceived as in-focus




together at the sensor that is not in perfect mechanical focus, forming circles of this size, or smaller,
will still appear to the eye as being in focus. Naturally, the point at which light actually intersects will
be seen as being in focus. For the sake of discussion, consider this distance as being 20’ from the cam-
era. Light coming from a distance of about 22’ will not intersect at the sensor. It will actually intersect
before the sensor, cross over, and continue until it strikes the sensor as a small circle. Imagine this small
circle as the left shaded circle in the graphic. Light coming from a distance of 19” will not intersect at
the sensor. If it could, it would intersect after the sensor. At the sensor, it is still a circle. Imagine this
small shaded circle as the right circle in the graphic.

DOF is the range, in front of and behind the plane of exact focus, of what also appears to the eye to be
in focus. Therefore, not only will the item at 20" appear in focus, but also anything between 19" and 22’.
Anything closer than 19” and anything beyond 22’ will appear to be out of focus because at the sensor
they would create a circle of confusion larger than what the resolution limit of the eye will detect as
being in focus. These distances are depicted as clear ellipses in the graphic. If light forms a circle larger
than 0.025” to 0.033” on the film plane, the image appears to the eye to be “confused” or blurred.

In Figure 4.15, the light is coming from the extreme edges of the lens, intending to suggest the wid-
est aperture of the lens. Consider this aperture to be f/2 for the time being. What would occur if
the light entered the lens when a smaller f/stop is being used? Figure 4.16 shows this situation. The
circles of confusion are the same size in both Figures 4.15 and 4.16.

Notice that as the aperture becomes smaller, from f/2 to f/22, the circles of confusion, perceived by
the eye to be in focus, move further away from the film plane, which is the explanation for the larger
DOF produced by using smaller apertures.Figure 4.15 shows the equivalent of an f/2 aperture. Figure
4.16 shows the equivalent of perhaps an f/11 aperture. The use of an f/11 would give the appearance to
the eye as having more in focus. In this case, the DOF range would be something like 12" to 36" when
focused on 20"

One of the camera’s variables that affect DOF is the f/stop selection. With this information, let us
return to the DOF scale. The DOF scale is designed to be used in conjunction with the distance scale.
The DOF scale is composed of pairs of f/stop numbers radiating outward from the point of exact focus.
Some lenses do not show as many f/stop numbers as are depicted in Figure 4.17. Some lenses do not
have a DOF scale at all. Figure 4.17 is a good training tool to explain DOE

Once the f/stop for a proper exposure has been determined, the photographer can then refer to the
DOF scale to determine exactly how much of the crime scene will be in focus when the image is
printed. With Figure 4.17, it is evident that the photographer has focused at about the 12" distance.
Aligning the DOF scale with the distance scale, the photographer can then see what the DOF range will
be. The distance that falls between the pair of f/stop numbers on the DOF scale is the DOF range. With

FIGURE 4.16

OIDD><HHZ Circles of confusion, small aperture.
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each f/stop, then, you see the following DOF ranges, when the

7 10 15 30'— camera is focused at 12 feet:
2 3 5 1000 ,

P T f/22: 6" to oo

2 16184 | LBN®G 2 f/16: 7" to 30

f/11: 8" to 25’

£/8: 9’ to 20’

f/5.6: (not shown)
f/4: 10" to 14’

LSsanwn A “

FIGURE 4.17
DOF scale: pairs of numbers opposite the

orange line. Wider apertures result in narrower DOF ranges; smaller apertures
result in progressively longer DOF ranges.

The DOF scale is a great tool if you have it. But, what if your lens does not have a DOF scale? Here is
how to hyperfocal focus without a DOF scale. To begin, consider Figures 4.14 and 4.17, side by side.

Figure 4.16 shows one way to ensure infinity will be in focus. Simply focus on the infinity symbol. Now,
by use of the DOF scale, you can determine what will be in focus when the print is made. If the light-
ing enables an f/22 to be used for a proper exposure, the distances between the two 22s will be in focus
when the print is made. Figure 4.14 shows this to be 12’ to infinity. Not bad. Notice all the distance
between the infinity symbol and 22 on the right side of the DOF scale, which is, in effect, wasted DOE

Hyperfocal focusing is the technique to maximize the DOE when infinity is in the field of view. To
hyperfocal focus, first determine the f/stop required for the lighting at the scene. Once the f/stop has
been determined, align that f/stop, on the DOF scale, with the infinity symbol on the distance scale.
Presume it is a bright sunny day, and the meter reading indicates an f/22 can be used to properly
expose the scene. Figure 4.17 shows the result. The infinity symbol is now aligned with the right 22 on
the DOF scale. The DOF range will be the distance between the two 22s as they align with the distance
scale. Figure 4.17 indicates the new DOF range is 6’ to infinity. That is a net gain of 6’ that will be in
focus when the image is printed.

With both focusing techniques, infinity will be in focus. With hyperfocal focusing, you have also maxi-
mized the DOE Hyperfocal focusing increases the DOF range in the foreground.

No other focusing technique will provide better DOF when infinity is in the background.

Let us examine the hyperfocal focusing range with f/16, f/11, and f/8. This may perhaps be best
understood in Table 4.1.

Hyperfocal Focusing Ranges

F/stop DOF Range

F/22 6’ to =, when focused at 12’
F/16 8’ to =, when focused at 16’
F/11 12’ to o, when focused at 24’

F/8 15’ to =0, when focused at 30’



Notice that the point of exact focus, the hyperfocal focusing distance, is double the short end of the
DOF range. We will use that fact momentarily.

Having a lens with a DOF scale is certainly very convenient. However, as mentioned earlier, many
recently manufactured lenses do not have this handy tool. In many situations having a DOF scale
would make the job easier on crime scene photographers. It comes down to this: Is there a way to
hyperfocal focus without a DOF scale? Yes.

Lens construction standards are so uniform that even if your particular lens does not have a DOF scale,
you can still use the theory of hyperfocal focusing to maximize your DOF when photographing large
exterior crime scenes when infinity is in the background. How? First, determine the f/stop required for
the lighting of your scene. Then focus at one of the following distances appropriate for your f/stop (see
Figures 4.17 to 4.20):

If using an f/22, focus the lens at 12”.
If using an f/16, focus the lens at 16”.
If using an f/11, focus the lens at 24".
If using an f/8, focus the lens at 30"

This is important enough to memorize which distances to focus at for the f/stop required for the light-
ing at the scene.

You can focus the lens by using the distance scale, by aligning the focusing point of the lens with
the correct distance on the distance scale. Or, you can find a surrogate item somewhere in the crime
scene the prescribed distance you need and focus at it. Remember, hyperfocal focusing is the optimal
focusing technique for this particular focusing situation. Any other focusing technique will result in
either the background (<) being out of focus or less of the foreground being in focus. Neither of these
options is desirable.

v - mmmmmmn  \Why are hyperfocal focusing ranges for the other f/stops not
7 1 0 1 5 3 0 provided? Remember, these are images of large outdoor crime
? 3 5 10 o0 scenes, when it is necessary to have infinity in the field of
l 0o I o= e e view. Using wider apertures results in a smaller DOF range,
ls u 8 & ‘ 81116 22 making it more difficult to have any evidence relatively close

to the camera be in focus while maintaining infinity in focus

FIGURE 4.18 at the same time.
Hyperfocal focusing, 1/16.
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FIGURE 4.19 FIGURE 4.20
Hyperfocal focusing, 17/11. Hyperfocal focusing, /8.
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Some writers feel the DOF scale on lenses does not really ensure that the DOF range indicated will
truly be in focus. In answer to such critics, here is a recommendation. With your particular camera and
lens, set up a series of test distances. Test the f/22 hyperfocal focusing range by placing objects 6" from
the camera and 8’ from the camera. Focus at 12 feet. Take the photograph. When the photograph is
printed, check to see whether the object at 6" looks to be a bit “soft” or slightly out of focus. If so, it is
hoped the object at 8" looks sharp. If the object at 8" looks sharper than the object at 6" just bump up
the hyperfocal focusing recommendations one notch.

m Consider the f/22 DOF range to be 8’ to e when focused on 12’".
= Consider the f/16 DOF range to be 12 to e when focused on 16’.
= Consider the f/11 DOF range to be 15’ to = when focused on 24".
m Consider the f/8 DOF range to be 20’ to e when focused on 30’.

The preceding description effectively “calibrates” the hyperfocal focusing concept for your specific cam-
era equipment.

Zone Focusing

Infinity is not always in the background of outdoor crime scenes. An obstruction, like the wall of a
building, may be present 30’, 40°, or 50" from the camera. If, when you look through the viewfinder,
infinity is not in the background, hyperfocal focusing is not applicable. How do you maximize the
DOF when infinity is not an issue?

For instance, on a bright sunny day, you may want to photograph a scene between you and a wall about
30" away. Nothing in the field of view will be farther away than the 30” distance of the wall. Now, it is
not important to ensure that  is in focus. You just need to ensure the wall, as the background of the
photograph, is in focus.

Zone focusing is the technique to maximize the DOF for an area when infinity is not in the background.
The zone focusing technique is a bit like the hyperfocal focusing technique. This technique also relies on
your lens having a DOF scale. As in the hyperfocal focusing technique, the first step is to determine the
f/stop required for the lighting at the scene, which is
done by simply taking a meter reading of the crime
scene. The second step is to determine the distance
of the background of this particular crime scene,
which may be a real obstruction, like a wall, or it
may be the distance from your camera you decide
will be the top of your field of view when you com-
pose this image. Look at Figures 4.21 and 4.22.

Both figures show the same area. Figure 4.21 shows
the scene, with the top of the image 30’ from the
i . _ ~%s.. | camera. Figure 4.22 shows the same area, but the
FIGURE 4.21 wall is 30" from the camera. In both cases, it is not
Zone focusing: top 30" away. necessary to have anything beyond 30’ be in focus.




With zone focusing, it is necessary to determine
the distance of the background. Manually focus
on the wall to determine its exact distance. Focus
on the wall and then look at your distance scale
and note the distance shown. Had your crime
scene been the one shown in Figure 4.22, this
distance would be 30.

If no wall or other fixed object is in the background,
determine the distance of the top edge of your com-
position. Consider Figure 4.21. Make a mental note
of what is at the top of your composition; then
FIGURE 4.22 swing your camera up so that area is now in the
Zone focusing: wall 30" away. center of your viewfinder, and manually focus the

camera. To make this easier, consider the previous
suggestion to use the telephoto end of your zoom lens. Set the focal length to your lens” most extreme
telephoto focal length. For instance, if your zoom lens has a 28mm to 105mm zoom range, set the lens
to 105mm. That will magnify all areas in your viewfinder. Focus at the distance that will eventually be
the top of your composition when viewed with a 50mm lens setting. Check the distance scale of your
camera to see the exact distance of this area. Again, if Figure 4.21 was your crime scene, 30" should show
on your distance scale. That distance will then be aligned with the f/stop required for the lighting of
the scene on the DOF scale.

If the lighting will permit the use of an f/22, align the right 22 over the 30" mark. See Figures 4.23
through 4.26 for the alignment of the depth-of-field scale and the distance scale to zone focus at 30’
with f/22, f/16, f/11, and /8.

FIGURE 4.23 FIGURE 4.24
Zone focused at 30" with #/22. Zone focused at 30" with 1/16.
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FIGURE 4.25 FIGURE 4.26
Zone focused at 30" with #/11. Zone focused at 30" with 1/8.
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If the lighting requires an f/22, the DOF range is 5" to 30".
If the lighting requires an f/16, the DOF range is 6.5" to 30".
If the lighting requires an f/11, the DOF range is 9" to 30".
If the lighting requires an f/8, the DOF range is 11" to 30".

In each of these lighting conditions, it would be important to make sure the bottom edge of your
photograph does not include anything in the field of view before your DOF range.

If using an /22, do not include detail before 5’.
If using an f/16, do not include detail before 6.5’.
If using an f/11, do not include detail before 9”.
If using an f/8, do not include detail before 11".

Simply compose your image so the bottom of your field of view matches the close end of your DOF
range, which you do by raising and lowering your camera while you look through the viewfinder.

No other focusing technique maximizes the DOF better when it is not critical that infinity be in
focus.

You may now be imagining a situation in which raising the camera to one of these prescribed near
end distances forces the top edge of the field of view to include more than the 30" we began this
discussion with. Aligning the top of the field of view at 30" may force more into the near end of
the field of view than the preceding distances. What to do then? These situations may occur at real
crime scenes, depending on the lighting at the scene. Although it is a Cardinal Rule to attempt
to maximize the depth of field at all times, nothing guarantees that everything in your field of
view will be in focus for every image you capture. That is the goal, and sometimes this goal is not
achievable, particularly when the lighting becomes dimmer. The question remains: What should
you do? If the choice is between obviously out-of-focus foreground and obviously out-of-focus
background, this author usually opts for the out-of-focus background because it is slightly less
noticeable.

Focusing by the Rule of Thirds

What if the camera equipment does not have the DOF scale on the lens? Many lenses do not have this
feature. How should you zone focus then?

First, be aware that the DOF range is not usually the same in front of and behind the plane of exact
focus. For instance, if you are focused on a point 10" from the camera, while using an /16 for the light-
ing, the DOF range will be almost 14’ in total. This 14" is not divided by 2 resulting in 7’ in front of the
10" focus point being in focus, and 7” behind the 10" focus point being in focus. It certainly would be
nice if this were the case, but it is not the case. Usually, more of the DOF range exists behind the point
of exact focus than in front of it.

At this point, many other authors insert a dictum that the depth of field range extends one third of the
total range in front of the point of exact focus, and two thirds of the total range behind the point of
exact focus. In fact, this is often presented as a Rule of Thumb.



RULE OF THUMB 4.3

The DOF extends one third in front of the point of exact focus and two thirds behind the point of exact focus.

Although this is a handy rule of thumb in some circumstances, it is certainly incorrect in many instances.

In all hyperfocal focusing situations, you can immediately see that the DOF range behind the point of
exact focus is much more than double the DOF range in front of the point of exact focus. Recall that an
/22 will result in a DOF range of 6’ to infinity when focused at 12’. That is 6" in focus in front of the
exact point of focus and 12’ to infinity in focus behind the point of exact focus. Certainly not a one-
third and two-thirds ratio.

When you are zone focusing with background distances at 30" or beyond, it is again clear that a one-
third and two-thirds ratio does not apply. With an f/22, the DOF range is 5’ to 30" when focused at 9’.
That is 4" in front of the point of exact focus and 21’ behind the point of exact focus: almost a one-sixth
and five-sixths ratio.

However, when the maximum background distance in the field of view is reduced to between 5" and
20, the one-third and two-thirds ratio is pretty closely approximated.

When closer than 3, the ratio approaches 1/2 and 1/2, which is certainly the DOF ratio for all close-
up photographs. As much will be in focus in front of the plane of exact focus as will be behind it. This
point is extremely important to remember if you photograph fingerprints on a curved surface. Do not
be misled by the Rule of Thumb one-third and two-thirds DOF range in this situation.

Finally, if you take many photographs through a microscope, you should know that the DOF range
changes again, and this time the DOF range approaches two thirds in front of the plane of exact focus
and just one third behind the plane of exact focus.

Back to the rule of thirds as a focusing technique: This author has crunched the numbers at each
distance between 3" and 30’ and with the f/stops f/8 through f/22. The results follow. Do not be too
concerned with these numbers and percentages. You do not need to memorize them. A very easy
method to zone focus will soon be indicated. This information is presented to further indicate that
the one-third and two-thirds ratio of the area in focus around the point of exact focus is not very
precise.

If 30’ is the background distance, the average ratio of foreground-to-background area in focus
is 20% in front and 80% behind.

If 20’ is the background distance, the average ratio of foreground-to-background area in focus is
28% in front and 72% behind.

If 15’ is the background distance, the average ratio of foreground-to-background area in focus
is 28% in front and 72% behind.

If 10 is the background distance, the average ratio of foreground-to-background area in focus is
36% in front and 64% behind.



m CHAPTER 4 Focus, Depth of Field, and Lenses

= If 5" is the background distance, the average ratio of foreground-to-background area in focus is
40% in front and 60% behind.

m If 37 is the background distance, the average ratio of foreground-to-background area in focus
is 40% in front and 60% behind.

How does this information help you zone focus if your lens does not have a DOF scale? Representative
images of each of the preceding scenes will make it more obvious; see Figures 4.27 to 4.31.

In each of these images, a pen was placed at the prescribed distance indicated in the preceding list.
Even as the precise ratio of what is in front of the plane of exact focus and what is behind the plane of
exact focus changes with each distance, one very obvious similarity exists in each of the photographs.
The pen appears to be positioned at approximately the midpoint of each image. The pen appears to
be positioned halfway between the top of each image and the bottom of each image. If fact, it is not; it
just appears that way because of the perspective view you have of each scene.

FIGURE 4.27 FIGURE 4.28
Zone focused at 30" Zone focused at 20"

FIGURE 4.29 FIGURE 4.30
Zone focused at 15”. Zone focused at 10”.



How can you put this information to use at crime
scenes?

If you have a DOF scale, use it. That is the easiest
way to maximize the DOF whether you are hyper-
focal focusing or zone focusing. But if you are in
a zone focusing situation, and your lens does not
have a DOF scale, the quickest, most accurate
method of focusing to maximize the DOF is to
focus at the distance that is midway between the
top of the composed image and the bottom of the
composed image.

FIGURE 4.31

Jone focused at 5. Crime scene photography is already a very stressful

situation. Rather than making crime scene photo-
graphy procedures more difficult, a good text should make them easier to understand and apply. The
best way to zone focus is to focus at a distance that appears to be midway between the top and bottom
of the composed image. Let us make this a revised Rule of Thumb.

RULE OF THUMB 4.4

When you are attempting to maximize the DOF with crime  this is to focus at a distance that appears to be midway
scenes ranging from 5" to 30", the most effective way to do  between the top and the bottom of the composed image.

Infrared and Ultraviolet Focus Adjustments

This chapter has dealt with variations of focusing visible light until now. After all, when you view a real
crime scene and meter it through the camera viewfinder, you are dealing with visible light. However,
crime scene photographers sometimes need to photograph evidence currently lit by other forms of
light: sometimes ultraviolet (UV) light, sometimes infrared (IR) light, and sometimes fluorescent light.
Chapter 7 will deal with more detail on these topics, but for the purposes of this chapter dealing with
focusing issues, a brief discussion on focusing for unusual lighting is warranted.

Outside the visible light spectrum, UV and IR are forms of light that are not visible to the eye. However,
through the use of the proper photographic equipment, you can still capture images of evidence stimu-
lated by light in these ranges. But if you cannot see evidence lit by UV or IR light, how are you to ensure
such images will be in focus?

Fortunately, lens manufacturers usually provide a handy “tool” to work with: Most lenses have an IR
correction point indicated on the distance scale.

In Figures 4.32 to 4.35, the number 2 is a distance indication in feet; the 0.6 is a distance indication
in meters. The third line is flanked by the DOF scale numbers. The fourth line shows an indication of
which f/stop number has been set on the camera—in this case, an f/11. Figure 4.32 shows that the cam-
era has been focused at 2”. In Figures 4.32 and 4.33, notice the small dot just to the right of the right “4”



CHAPTER 4 Focus, Depth of Field, and Lenses

0.6 0.7

2 6184 | 4816 2 2 6N 4 | 480K 2
184356 6 111622 LS8 N2

FIGURE 4.32’ o FIGURE 4.33
Focused on 2’, visible light. Focused on 2/, IR light

0.6
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FIGURE 4.34
Focused on 5, visible light. FIGURE 4.35
Focused on 5°, IR light, with a 50mm lens.

on the DOF scale, which is the IR focus correction indication. To adjust focus for IR light, you must first
determine the correct focus while viewing the scene or object with visible light, which is what Figure
4.32 shows. Once focus has been determined for visible light, whatever distance has been focused on
is then rotated to the IR red focus dot. In this case, it is the 2" point on the distance scale. The 2’ point
on the distance scale is then rotated so that the 2" point is now aligned with the IR dot. Figure 4.33
shows this adjustment has been made.

If you normally use a zoom lens, the IR adjustment indicators will look somewhat different, allow-
ing you to adjust for IR light and the particular focal length for which you have chosen to set your
camera.

Figure 4.34 shows a zoom lens focused for a 5" distance in visible light. In this case, the 5" indica-
tor is aligned with the exact focus mark. It would not matter which focal length was chosen; when
focused for visible light, this is the result. When it is necessary to focus for IR light with a zoom lens,
it is essential that whatever focal length of lens is being used, the IR adjustment duplicates this focal
length choice. With Figure 4.35, you can see five IR correction choices (28mm, 35mm, 50mm, a line
supposed to be 80mm, and 105mm), and in this case, the 5" distance mark has been adjusted so it is
opposite the 50mm indicator.

These adjustments have to be made whenever you have your camera loaded with IR film. A few digital
camera sensors have the ability to detect IR light, and these cameras can manually or automatically



focus for IR light just like visible light. These cameras are the exception, however, so you have to know
your equipment. It is usually clear if any particular digital camera has this capability.

If you were to photograph an item of evidence with UV light, a similar focus adjustment is necessary. For
instance, a severe bruise or bite mark may have healed and can no longer be seen with visible light. It may
be possible to photograph this mark with UV light because UV lighting can sometimes visualize a deep
muscle bruise that is no longer readily apparent in visible light. In this case, however, the focusing adjust-
ment is just the opposite as is necessary with IR light. Unfortunately, no UV correction mark is shown
on any lens like an IR correction mark. How then can you make this necessary adjustment? First, focus
on the evidence with visible light, which might be the surface of skin bitten or bruised several weeks or
months previously. If you were going to do an IR focus adjustment, notice the distance to the right that
you would have to rotate the distance scale until it aligned with the IR correction point. Now, for a UV
adjustment, rotate the distance scale this same distance, but do it to the left instead of to the right.

We previously mentioned bracketing exposures when it was uncertain what the correct exposure would
be. When you are photographing evidence in the IR or UV range of the electromagnetic spectrum, it
would be wise to bracket with your focusing technique also. Determine what is the probable focusing
adjustment for either IR or UV and capture that image. Take another photograph with the focus ring
rotated just a bit more to the right, and take another photograph with the focus ring rotated just a bit
more to the left of the original focus position. This should be done with film cameras. If you are using a
digital camera, it will immediately be evident if the focusing has been correct and whether fine-tuning
with the focus is required.

Out-of-Focus Images?

It is unusual to teach a course on crime scene photography without receiving several out-of-focus
photographs from a student. When this fact is pointed out to the student, and he is asked to retake
the photographs, the photographs sometimes come back out of focus again. It becomes clear that
this student is unaware his vision needs correction. If the student has never seen anything with clear,
sharp focus, that student does not know the difference and turns in what looks to be the best to him.
However, over the years, several students have tried to defend their out-of-focus photographs by sug-
gesting the problem must have been an “equipment malfunction.”

This section describes how the conflict can be resolved. The student is set up with a digital SLR camera
on a tripod, with the film plane parallel to the object he has had trouble with. The student is asked to
manually focus the camera as best he can and take the photograph. With the camera in the same posi-
tion, the student is told to switch to the auto-focus mode and to press the shutter button down half-
way and listen closely to determine whether he can hear the camera readjust focus. The student then
captures that image. Comparing the two images usually can convince the student that focusing by eye
results in an out-of-focus image, whereas the camera’s auto-focus results in a better image. Solution:
The student is told to get glasses or have current prescriptions updated.

Sometimes a student swears his vision is good, but whenever he looks through the camera viewfinder,
everything always looks blurry, which may actually happen for a very good reason. This is an age
when most people make a purchase and leave the directions, or in this case the camera manual, in the
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box. They then go out and start taking
pictures. Most cameras have a feature
to allow individuals to adjust the view-
finder for their particular eye quality;
it is called the diopter adjustment dial.
It is usually located just to the right of
the viewfinder (see Figure 4.36). It may
be a dial or thumb slide that moves up
and down. In either case, it allows you
to adjust the viewfinder for your own
eyes. Usually, it is recommended to
select an object, focus on it as best you

- can, and then adjust the diopter both
FIGURE 4.36 ways to see whether doing so improves
Diopter dfl. focus for your eye.

Using this dial is, more or less, the equivalent of trying on various strengths of reading glasses and is
often the solution to some focusing issues.

DEPTH OF FIELD

Factors Affecting DOF
Three camera variables directly affect the DOF range. They are

= F/stop choice
= Lens choice
= Camera-to-subject distance

We will examine each in turn.

F/Stop Selection as a DOF Variable
As previously explained, f/stops are a primary exposure control. Along with shutter speeds and ISO
selections, they are one of three primary camera controls that affect exposures.

In addition to being an exposure control, f/stops also are one of the camera variables that directly con-
trol the DOF range. This fact cannot be overemphasized. DOE by definition, is the variable range, from
foreground to background, of what appears to be in sharp focus.

When considering DOF remember that it is possible to maximize the DOF range, and it is possible
to minimize the DOF range. Obviously, because one of the Cardinal Rules is to maximize the DOF as
much as possible, that is the main concern with crime scene photography.

However, understanding the effect of minimizing the DOF range is valuable. This text will offer two
situations illustrating when minimizing the DOF will be a benefit to the goal of the crime scene photo-
grapher. Both relate to intermediate objects/obstructions between the photographer and the subject
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matter considered the primary subject. In such a situation, if the photographer can create a small DOF
range and place it on a distant subject, intermediate details will fall outside the DOF range and become
blurred and out of focus. This intentional blurring of intermediate detail can be so pronounced as
to make the intermediate detail so blurred as to become almost invisible. Making an intermediate
obstruction so blurred as to become almost invisible allows you to see the primary subject better. The
two situations when this is a manifest advantage are as follows:

= In daytime surveillance situations, positioning the camera behind a bush or other obstruction
is necessary to prevent the photographer from being seen by the subject of the surveillance.
In this case, having the bush in front of the camera is both good and bad. It is a good visual
obstruction in that it makes it difficult or impossible for the subject of the surveillance to see
the photographer. It can be bad if the same bush makes it difficult for the camera to acquire a
good image of the subject of the surveillance.

= In a heavy rain or snowstorm, the rain or snowflakes can be so thick as to make it difficult
to see and photograph the crime scene and the evidence within the scene. Because the crime
scene is usually fixed and is not moving, ways exist to blur the falling rain and snow flakes,
sometimes to such an extent that they cease to appear in photographs.

Both of these situations will be discussed later.

What is the effect of using a wide aperture? With a wide aperture, the DOF range can be very short. One
object/person can appear to be in focus, with everything else,
both in front of and behind that object/person, appearing to
be out of focus. This short DOF range can be placed in the
foreground, in the mid-ground, or in the background. Wide
apertures, like those produced with f/2, {f/2.8, and f/4, create
very short ranges of DOE.

Figure 4.37 shows the effect of using an f/1.8, a very wide
aperture, while focusing on the #1 in the photograph. The
#1 is obviously in focus, whereas the focus quickly deterio-
rates behind the #1. Figure 4.38 moves the point of focus to
the #2. Now, both #1 and #3 appear “soft” or out of focus.
Figure 4.39 moves the point of focus to the #3. Both #1 and
#2 appear “soft” or out of focus.

Figure 4.40a shows the effect of using an /22, a very small
aperture, on the same scene. Through the use of zone focus-
ing, the entire area appears to be in focus. All three numbers
are sharp. Figure 4.40b makes the same point. With a wide
aperture, the DOF range can encompass just one item, like
the balls in the top-left, top-right, and lower-left images. With
a small aperture, like /22, the DOF range can encompass
almost everything in the field of view, like the lower-right
image.

FIGURE 4.37
Focused on #1.
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FIGURE 4.38
Focused on #2.

FIGURE 4.40A
Zone focused.

FIGURE 4.39
Focused on #3.

Recall Figures 4.15 and 4.16. When the aperture is wide, the
circles of confusion perceived by the eye to still be in focus
are relatively close to the point of exact focus. The DOF range,
then, will be very small. When the aperture is very small, the
circles of confusion perceived by the eye to still be in focus are
relatively far apart. The DOF range, then, will be very long.

With either wide or narrow f/stops, you would be able to
focus on an object/person at any distance, and they would be
in perfect focus in the resulting photograph. As the two graph-
ics show, with either a wide or narrow f/stop selection, the
light rays can be brought into focus where the lines meet at
the film plane. As the light rays travel from the lens opening,
on the left, to the point of perfect focus, they are converging
down their respective cones, until the light rays meet at the
film. At the film plane, the light rays are in perfect focus.

The DOF range will increase as f/stops are changed, moving
on a continuum from f/2 to f/22. F/stops representing large
lens openings produce relatively short DOF ranges, and f/stops
representing small lens openings produce relatively long DOF
ranges, which is purely a function of the way they bend light
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FIGURE 4.40B
Varying DOF ranges. (Courtesy of Denise Sediq, GWU MFS student.)

to converge at the film plane and the relative distance of the circles of confusion from the point of
exact focus at the film plane.

In summary, considering an f/stop range from f/2 to f/22, which is common with most lenses, the f/2
results in the shortest DOF range, and the DOF range progressively increases as you move toward the
f/22 lens opening.

Lens Choice as a DOF Variable
How can the lens choice affect the DOF? Examine Figure 4.41.

The f/stop number has a relationship to the focal length of a lens. This equation shows the relation-
ship: FFL/f-stop = DOD, where...

= FFL equals the focal length of the lens.
= F/stop is the particular f/stop number.
= DOD is the diameter of the diaphragm or the size of the lens opening.

This equation can also be written as either FFL/DOD = f/stop, or DOD (f/stop) = FFL.

1. The diameter of the diaphragm can be determined by dividing the FFL by the f/stop.
2. The f/stop number comes from dividing the FFL by the size of the lens opening.
3. The FFL is the product of multiplying the f/stop number and size of the lens opening.
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FIGURE 4.41
DOF as a function of lens choice .

C.

Depth of Field as a Function of Lens Choice

Since: F-Stop# = FLL/DOD (Focal Length of the Lens/Diameter of the Diaphragm),

Then: DOD = FLL/F-stop#
Therefore, if 24mm, 50mm and 100mm lenses are set to F-8, this is the result:

a. The DOD for a 24mm lens at F-8 = 3mm

b. The DOD for a 50mm lens at F-8 = 6.25mm

C. The DOD for a 100mm lens at F-8 = 12.5mm

-

In focus

The graphic in Figure 4.41 is a visual demonstration that, at any f/stop, wide-angle lenses will have a better
DOF range than “normal” lenses, and “normal” lenses will have a better DOF than telephoto lenses.

Another way of saying this is to state that the same f/stop number will result in different lens openings,
depending on which focal length of lens is being used.

To make this clear, let us begin by examining an f/stop of /8. Notice the relative DODs that result with
different lenses. In the example in Figure 4.41, lenses of 24mm, 50mm, and 100mm are compared, but
the theory would hold for any lenses.
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The DOD for a 24mm lens, set at f/8, would be 3mm: FFL/f/stop = DOD, or 24/8 = 3mm.
The DOD for a 50mm lens, set at f/8, would be 6.25mm: FFL/f/stop = DOD, or 50/8 = 6.25mm.
The DOD for a 100mm lens, set at f/8, would be 12.5mm: FFL/f/stop = DOD, or 100/8 = 12.5mm.

Because the DOD of each lens is a different size, as light travels from the front of the lens and diaphragm
opening to the sensor, figures similar to the graphic are produced. Even though the same f/stop has been
selected for all three lenses, the effective size of the opening into the light that will be entering the cam-
era will change. As already determined with the examination of f/stops, the DOF range is improved with
smaller lens openings, which is shown by the pairs of small ellipses shown in all three examples. They
represent the circle of confusion perceived by the eye to still be in focus. In each example, the pairs of
small ellipses appear to be different distances from the point of exact focus or the point where the lines
intersect in the middle of each figure. As the ellipses get further apart, the DOF range increases.

Therefore, because wide-angle lenses produce smaller lens openings than “normal” and telephoto
lenses, the resultant DOF range will be greater. Because “normal” lenses produce smaller lens openings
than telephoto lenses, their resultant DOF range will be greater.

Camera-to-Subject Distance

How can camera-to-subject distance affect DOF? As you will recall, through the use of hyperfo-
cal focusing with an f/22, the resulting DOF range is 6’ to infinity. No other f/stop will provide
more DOF when hyperfocal focusing. When you are zone focusing with a background of 307, that
same f/22 will result in a DOF range of 5’ to 30’, quite a substantial reduction in the DOF range.
When you are zone focusing with a background of 10, that same f/22 will result in a DOF range
of 3.8” to 10’. Again, the DOF range has been reduced. Let’s jump to a situation in which you need
to capture a close-up photograph of a .45 caliber cartridge casing at a crime scene. Using close-up
equipment, which will be explained later in this chapter, you can fill the frame with the cartridge
casing. An f/22 can also be used in this situation. You would expect a pretty good DOF by using the
/22, would you not? If you find yourself nodding in agreement to that last sentence, you would
be wrong.

A .45-caliber cartridge casing is approximately %/4”
wide. That means the surface the casing is sitting on
is 14" farther from the sensor than the top of the
casing that is being focused on. Surely, the DOF
range with an f/22 would cover this distance. Wrong
again.

]

Figure 4.42 shows a .45-caliber cartridge flanked by
two scales. The scale on the left has been raised up
to the level of the top of the casing; the scale on
the right has just been laid next to the casing. Figure
4.43 shows the same positioning of scales, but this
FIGURE 4.42 viewpoint makes the difference in height between
.45 casing with two scales. the two scales clear. As you examine Figure 4.42
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FIGURE 4.43
.45 casing with two scales.

FIGURE 4.44
Focused on the top of the casing.

FIGURE 4.45
Focused on the fabric.

more closely, do you notice any difference in the
two scales? If you have very good eyes, you might
notice that the word “inches” appears a bit “soft” or
slightly out of focus. Why? Because the DOF range
in a close-up situation like this is less than the %4”
difference between the left scale and the right scale.

Let's make this more obvious by cropping in on the
photograph. The photo in Figure 4.44 is an extreme
crop of the one in Figure 4.42. Figure 4.44 shows
the mouth of the casing and the background fabric.
Various stria are plainly visible on the mouth of the
casing because focus was adjusted for the top of the
casing. Notice in this image that the fabric is more
obviously “soft” from being a bit out of focus.

The photo in Figure 4.45 shows the same compo-
sition as the one in Figure 4.44, but in this image,
the focus was adjusted to be on the right scale, lying
on the surface of the cloth. Now, the fabric is much
sharper, but the stria on the mouth of the casing have
become blurred. Why? The difference is simply that
the DOF range with an f/22 does not encompass both
distances when close-up photographs are taken.

An f/22 can provide a DOF range of 6 to infinity when
you hyperfocal focus, and this same f/22 has less than
a Y/4” DOF range when extreme close-ups are taken.
This should make you extremely cautious whenever
you take close-up photographs, and this caution is
well deserved. As you get closer and closer to your
subject matter, the DOF range begins to collapse.

It would now be good to relate two seemingly unre-
lated topics: focusing on infinity and close focus-
ing on small objects. They are related. Focusing on
infinity wasted DOF in the foreground; hence, the
recommendation is to hyperfocal focus instead.
Both focusing on infinity and hyperfocal focus-
ing ensured infinity would be in focus. What is the
practical difference? Hyperfocal focusing provided
for more focus in the foreground.

With Figure 4.44 still fresh in your mind, you may see the link and realize that focusing on top of the
cartridge casing may actually be wasting some of the available DOF range. If, in fact, the DOF range for
extreme close-ups is less than Y4” in front of the plane of exact focus and “4” behind the plane of exact
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focus, then focusing on top of the cartridge casing wastes some of the DOF range! It would actually be
more effective to focus a little down the side of the cartridge casing. That way, the near DOF range could
include the top of the casing, and the far DOF range would proceed further down the casing, which would
be extremely relevant when a fingerprint is on the cartridge casing and you want to make sure as much of
the fingerprint is in focus as possible, which would also be applicable whenever any critical evidence is on
a curved surface and maximizing the DOF range is important. In these situations, bracketing by changing
the focus point instead of the exposure value would be warranted. But, certainly, just automatically focus-
ing on top of the cartridge casing, as crime scene photographers are all instinctively prone to do, would
actually be counterproductive if you wished to maximize the DOF for a close-up image.

Tips to Maximize Depth of Field

The DOF is the variable range, from foreground to background, of what appears to be in acceptable
focus. That is its definition. When you are photographing crime scenes, accident scenes, and the evi-
dence within those scenes, can you think of any time when you would intentionally want part of those
photographs to be out of focus? For the most part, you should follow the Cardinal Rule: Maximize
DOF whenever possible. An out-of-focus photograph may not be acceptable in court as evidence,
which will be emphasized again when legal matters concerning photographs are discussed. However,
this point cannot be overstated: Maximizing the DOF should be one of your constant concerns when
engaged in crime/accident scene and evidence photography.

Here are several techniques to ensure the DOF is maximized. We have already dealt with three of them.

Hyperfocal focus when taking photographs of large outdoor crime scenes when infinity is in
the background.

Zone focus when taking photographs of large crime scenes but infinity is not in the
background, which will require having a DOF scale.

Focus by the rule of thirds when taking photographs of large crime scenes when infinity is not
in the background, and you do not have a DOF scale.

A few more ideas will help ensure the DOF is maxed out most of the time.
Select the ISO film speed/digital equivalent to maximize the DOF.

Because the f/stop selection is one of the critical factors affecting the DOF, and the small f/stops (f/22,
f/16, f/11, and f/8) always provide for better DOF ranges than the wide f/stops (f/2, f/2.8, f/4), how do
you choose an ISO that will ensure the use of these small apertures?

Commonly available film speeds are ISO 100, 200, and 400. Faster films, like ISO 800 and ISO 1000,
are generally more expensive. With digital cameras, there is no cost to varying the ISO selections. So,
what is the slowest ISO that will allow photography with the small apertures?

RULE OF THUMB 4.5

On bright sunny days, ISO 100 will allow photography with  nighttime, or indoors when using electronic flash, use a faster
the smaller f/stops. Otherwise, on cloudy or dark days, at  ISO like ISO 400.
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Some agencies have taken this recommendation and modified it; they supply their crime scene photo-
graphers with only ISO 200 film because “it is the perfect compromise between ISO 100 and ISO 400
films, and has the benefits of both.” They say, “Why complicate things, when a satisfactory compro-
mise exists to using two different kinds of film?” Budget bureaucrats who have never worked as crime
scene photographers usually make such statements.

Although it is true that the difference between ISO 100 speed film and ISO 200 speed film is only
1 stop, and the difference between ISO 400 speed film and ISO 200 speed film is only 1 stop, a 2-stop
difference still exists between the ISO 100 speed film and the ISO 400 speed film. Having films with a
2-stop difference available under certain circumstances is a huge benefit; however, this advice is moot
now. With the steady trend toward digital imaging at crime scenes, all crime scene photographers will
soon have digital 35mm SLR cameras as their standard tool and will be able to select any ISO film
equivalent for each and every image. So, taking a defensive position on this issue is not needed. Soon,
crime scene photographers will be able to select the ISO equivalent for each shot.

However, why was ISO 100 speed film recommended for bright sunny days? If you recall the f/16 sunny day
rule, it recommended using an f/16 on a bright sunny day and converting the chosen film speed into a shut-
ter speed. If ISO 100 film was used, the shutter speed became 1/125th of a second. By the theory of reciproc-
ity, f/16 and 1/125 could be changed to f/22 and 1/60th of a second. Better DOF and the same exposure.

For other lighting conditions, ISO 400 film was recommended, because in those circumstances, you would be
able to close down the aperture 2 stops from what an ISO 100 film could provide. For example, on an overcast
day, an /8 was recommended with a 1/125th of a second shutter speed if using ISO 100 film. By reciprocity,
this could be changed to 1/60th of a second shutter speed and f/11. When an ISO 200 speed film is used, the
f/8 would be paired with a 1/250th second shutter speed, and reciprocity would allow this to be changed to
1/60th of a second shutter speed and f/16, a 1-stop improvement. However, if ISO 400 film was being used,
the beginning point would be f/8 with a 1/500th of a second shutter speed, which by reciprocity could be
changed to 1/60th of a second shutter speed and f/22—the same exposure with a much better DOFE

In 1988, this author was attending the Virginia Forensic Science Academy, a 10-week school put on by
Virginia Forensic Laboratory personnel and trainers to teach crime scene investigators how to properly
identify, process, and package evidence from crime scenes so that when it does eventually arrive at the
laboratory, their examiners and analysts could do the most with it. The school included a crime scene
photography component. During this training, the photography instructor, Norm Tiller, attempted to
explain this concept of selecting film ISOs to ensure crime scene photographers would eventually be
able to select small apertures for each photograph, thereby maximizing the DOF range for each shot.
This synthesis of Tiller's ideas became “Tiller's Rule of Film Selection to Maximize DOE.”

When considering loading any particular ISO film into the camera, before actually loading it into the cam-
era, take the following steps. Dial in the proposed ISO film speed into the camera. Set the shutter speed
to 1/60th of a second. Set the f-stop to f/8. Take a meter reading. If the meter reading indicates a proper
exposure or an overexposure, it is okay to actually load that film into the camera. The reason is that an /8
is one of the small apertures photographers are told to use mostly. And, if overexposed, the solution is to
close down the aperture even more, ensuring an even better DOF range. If the exposure reading results in
an underexposure, repeat the preceding sequence with a faster film speed until the exposure reading even-
tually results with a proper exposure or overexposure with F/8 and 1/60th of a second shutter speed.
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This is still good advice when using a film or digital camera.

However, as previously stated, with digital imaging, this advice is all moot because you can select a dif-
ferent ISO film speed equivalent for each and every shot you take. With film, it was more critical. Crime
scene photographers normally learned to live with the film they had loaded into the camera. When they
changed from photographing evidence in a brightly lit outdoor area and moved inside to photograph
more evidence, they frequently had half of a roll of film left. Typically, they would not switch out their
film from the ISO 100 “outside” film to an ISO 400 “inside” film. Now, with digital imaging, you can.

Finally, it should be mentioned that many cameras have a DOF preview button. This needs some initial
explanation. Most modern lenses are designed so that when mounted onto the camera body, they are
automatically set to the widest aperture the lens has. You may select a different f/stop to take a particu-
lar image, but until the shutter is depressed, the lens remains at its widest aperture. Once the shutter
button is depressed, the lens shuts down to the selected f/stop. The shutter will immediately open up
to its widest aperture after the image is captured. Two main reasons exist for this lens design feature.
It is easier to see and compose the image when the aperture is wide and the scene is well lit. It is also
easier to focus the camera when the aperture is wide and the scene is well lit.

If the lens has an f/stop range from f/2 through /22, the lens is designed to be at the f/2 aperture all the
time the camera is composed and focused. Then, just as the shutter is depressed, the lens momentarily
shuts down to the pre-selected aperture as the image is captured. Immediately, the lens will return to
the f/2 aperture so the next image can be composed and focused.

The downside to this lens design is that the DOF with an f/2 is minimal, and you will see only one dis-
tance in focus, while the foreground and background will appear to be out of focus in the viewfinder.

To enable the photographer to be able to see the true DOF range, the DOF preview button allows the
lens to shut down to the preselected f/stop before the picture is taken. The main complaint is that by
having the lens shut down to an f/22 aperture, for example, so much light is cut out from the view-
finder that it is frequently too dark to see the now-apparent DOF range. Many find this situation to be
too frustrating to effectively use. So, many do not use the DOF preview button at all.

The DOF preview button is usually located low on

the camera body to the left of the lens. Some cameras
have this feature on the low right side of the camera

body. Figure 4.46 shows one DOF preview button as

is; Figure 4.47a shows the DOF preview button acti-

vated. Figure 4.47b shows the DOF preview button,

in the lower center, on a new Nikon D90.

After the first edition of this book was sent to the
publisher, Adobe announced it had begun beta test-
ing a new 3D lens made with 19 multiple lenses and
prisms, designed like the compound eye of an insect.
7 ' Each of the lens elements would capture slightly
FIGURE 4.46 different views of a scene, and the mini lenses were
DOF preview button, normal position. focused differently—some focused on the foreground,

e
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FIGURE 4.47

DOF preview button, low center, on a Nikon D90 camera. (Courtesy of Ron Taniwaki, Nikon Professional Services.)

some on the middle of the scene, and some focused on the background. Adobe also developed software
that could synthesize all the data being received by this innovative lens design. The result is that, within
Photoshop, the viewer of the image could use its “focus brush” or “de-focus brush” to make any area of the
image sharp or blurred. Certainly nowhere near being a tool in every crime scene photographer’s camera
bag, but there may come a time when maximizing the depth of field becomes less problematic.

LENSES

Lens Designations

Walk into a camera store, and you will be amazed by the variety of cameras and lenses available. How
do you intelligently compare one lens with another on the shelf right next to it? Each lens has aspects
you need to be aware of. Some of the most frequent variations are discussed next.

FIGURE 4.48
Focused on infinity.

Focal Length

The focal length of the lens is, by definition, the distance in
millimeters (mm) between the optical center of a lens and
the sensor when the camera is focused on infinity (e). This
aspect of the lens being focused on infinity is important
because many lenses extend in length as their focus changes
from infinity to their closest focusing distance.

Figure 4.48 shows a 50mm lens when focused on infinity;
Figure 4.49 shows the same lens when focused at its closest
focusing position. As the lens is focused, various optical ele-
ments within the lens may change positions. When focused on
infinity, the lens is at its most compact configuration. The opti-
cal center of the lens elements would actually be farther than
50mm when the lens is focused at any other point. It should
be mentioned here that many modern lenses focus internally,
without any extension of the end of the lens. The definition



FIGURE 4.49
Focused for close detail.

FIGURE 4.50
Zoom lens set to 28mm.

of focal length was formed before this modern variation of
lenses. It would still be correct because the lens is always at its
most compact configuration when focused on infinity.

As lenses of different focal lengths are considered, it should
now be obvious that their relative lengths will frequently differ
- 47 SNITINOOZENONYS with the focal length of the lens, which is easily demonstrated
o rmeee by seeing how a zoom lens changes configurations as it is set
to different focal lengths. The lens in Figures 4.50 to 4.54, by
the way, focuses internally, so it does not matter that the focus

28635 50 70 has not been dialed to infinity.

The focal lengths of these five images begins with 28mm and
then proceeds through 35mm, 50mm, 70mm, and finally
105mm. As you would expect, the length of the lens progres-
sively gets extended more and more.

Figure 4.55 is a Nikon 400mm lens with a 2x teleconverter, effec-
tively making it an 800mm lens. It is a monster. But, if you want
to get up close and personal with a bad guy 400 feet away from
the camera, there are not many alternatives. Because of its size, it
has been mounted on two tripods for additional stability.

FIGURE 4.51
Zoom lens set to 105mm. A 50mm lens has 50 millimeters in distance between the optical
center of the lens and the sensor when the lens is focused on
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FIGURE 4.52
Zoom lens set to 85mm. (Courtesy of Ron
Taniwaki, Nikon Forensic Services.)
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FIGURE 4.53
The relative size of a 35mm film negative and a
digital APS-C sized sensor.

infinity. With a 100mm lens, that distance is 100 millimeters
between the sensor and the optical center of the lens. That is
why telephoto lenses are longer than most other lenses.

“Fast” and “Slow” Lenses

When you are shopping for a lens, the dealer will sometimes
refer to a lens as being “fast” or “slow.” Lenses themselves do
not have “speeds,” but they do affect the ultimate shutter speed
that is usable for a particular photograph.

The lenses for 35mm cameras have within them an adjustable
diaphragm, which can be opened to a wide aperture or closed
down to a smaller aperture to vary the amount of light that can
pass through the lens toward the sensor. Adjusting this diaphragm
is usually referred to as “selecting the f/stop”. F/stops are one
indicator of the amount of light that is allowed to reach the film.

Together, the shutter speeds and the f/stops control the total
quantity of light that is allowed to ultimately reach the sensor
for an exposure. The light intensity can be controlled by volume,
f/stops; and time, shutter speeds.

If a larger volume of light can be transmitted by any particular
lens, a proper exposure may be obtained by using a shorter or
“faster” shutter speed. If a smaller volume of light can be trans-
mitted only by a particular lens, in the same lighting conditions,
that volume will have to be transmitted for a longer time to arrive
at the same exposure. It is basically a balancing act. With more
light volume or larger diaphragm openings, less time or shorter
shutter speeds will be needed for a proper exposure. With less
volume or smaller diaphragm openings, more time or longer
shutter speeds will be required for the same proper exposure.

An f/stop of f/2 is regarded as the pivotal f/stop for designat-
ing 50mm lenses as being either “fast” or “slow.” If a lens has
a wider maximum lens opening than f/2, it is called a “fast”
lens, because by letting in a larger volume of light, less time,
or a “faster” shutter speed is needed for a proper exposure.
An f/1.8 would be an example of a “fast” 50mm lens. “Fast”
lenses are more expensive because photographers value them
for enabling nonflash photographs in dim light, thereby main-
taining a natural look to a scene. This aspect of “fast” lenses,
valued by most professional photographers, does not have the
same value to crime scene photographers because wide aper-
tures produce the worst DOF ranges, and these photographers
are usually concerned with maximizing the DOF range.
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FIGURE 4.55
85 it -] Image taken with 35mm lens.

If a 50mm lens has a smaller lens opening than f/2 as its
maximum lens opening, it is called a “slow” lens because it
will require the shutter to remain open longer for the same
exposure. A 50mm lens with its widest aperture of either f/2.8
or f/4 would be regarded as a slow lens.

. L
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This issue of “fast” or “slow” lenses becomes important when
you are shopping. The same focal length lens may be available
with different maximum apertures. Expect to pay more for the
FIGURE 4.54 “faster” lenses. If purchasing lenses for your agency, be com-
Image taken with 28mm lens. forted that “slow” lenses are perfectly suited for crime scene

work, and you will save your agency some money.

Zoom lenses typically will not have the same wide apertures as 50mm lenses. Zoom lenses will often
have their widest aperture around /3.5 or f/4. However, a zoom lens with an f/3.5 aperture as its widest
aperture is said to be “faster” than another zoom lens with an /5.6 as its widest aperture.

Lenses Are Designated by Their Widest Apertures

Because of the premium placed on the widest aperture of any particular lens, all lenses are designated
by their widest aperture. It is marked on the lens barrel, and it will be marked on the packaging mate-
rial. You might go shopping for a 50mm f/1.4 lens that is regarded as very “fast” but have to settle for
a more reasonably priced 50mm f/2 lens.

Zoom lenses will be designated by their widest aperture at each extreme in their focal length. A typi-
cal zoom lens that provides for focal lengths between 35mm and 105mm may be designated as a
3.5/4.5 lens. That means the widest aperture at the 35mm setting is /3.5, and the widest aperture at
the 105mm setting is f/4.5.

The “Normal” Lens

Different lenses may make the scene viewed in the viewfinder appear to be different than the eye sees
the scene. A 50mm lens is considered to be the “normal” lens for a 35mm SLR film camera because
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it portrays a scene in a similar way as the eye saw it. (Be aware that different camera formats will have
different “normal” lenses. For instance, the “normal” lens for a medium-format camera will be an
80mm lens. Many point-and-shoot digital cameras frequently feature a wide-angle lens as their only
lens. However, most crime scene photography is done with the 35mm SLR camera format.) A distant
object viewed through a 35mm camera with a 50mm lens looks the same distance away as when you
directly look at it. A near object, viewed through a 35mm camera with a 50mm lens, looks to be the
same distance from you as when you look directly at it. The relative distance between the near and far
objects looks the same to the eye as when viewed through a 35mm camera with a 50mm lens on it.

The “normal” lens for a camera system is “officially” supposed to be determined by using the diagonal of
the film negative; 35mm film is 24mm x 36mm, and Pythagorus would remind us that the hypotenuse
of this right triangle would be about 43mm. He would be correct. For some reason, 35mm SLR film
camera manufacturers have usually called the 50mm lens the “normal” lens for this camera format.
With the 50mm lens on the camera, view the scene through the viewfinder. Immediately look up above
the camera at the scene. Nothing should have changed. Close objects will look the same distance through
the viewfinder as they look to the eye. Distant objects will look the same through the viewfinder as they
look to the eye. The 50mm lens is supposed to make the world appear the same when you are looking
through the viewfinder as when you are looking at the world without a camera in front of your face.

However, some cameras have viewfinders with magnification ratios. The Canon Digital Rebel T1i, a
15.1 mp camera, has an 0.87x viewfinder magnification. Essentially, that camera’s viewfinder will
slightly magnify everything seen through the viewfinder. Canon'’s current top-of-the-line EOS 5D
Mark II, a 21 mp camera, has a viewfinder magnification of 0.71x, also magnifying everything seen
through the viewfinder. Sony’s Alpha A350, a 14.2mp camera, has a .95x viewfinder magnification.
Sony’s top-of-the line Alpha A900, a 24.6mp camera, allows the viewer to see everything that its full-
frame sensor will be recording. Nikon’s D5000, a 12.3 mp camera, has a viewfinder with a 0.78x
magnification. However, Nikon's D3X, its top-of-the-line 24.5mp digital camera, has a 100x frame
coverage, also allowing the viewer to see everything that its full-frame sensor will be recording. The
net result of these cameras with viewfinder magnifications is that the image you capture will be
slightly larger than what you saw through the viewfinder. This should ease your mind if you tightly
compose a close-up photograph of a weapon. You will not be likely to have cut off any part of the
weapon when the image is printed.

The 50mm lens, used with an SLR film camera or a digital SLR camera with a full-frame sensor, is
the focal length of choice when it is a crime scene photographer’s intention to offer the photograph
of the crime scene in court and maintain that the photograph is “a fair and accurate representation of
the scene.” This deserves to be a Rule of Thumb.

RULE OF THUMB 4.6

The use of a different focal length lens will introduce lens dis-  lenses will compress the distance between the foreground
tortion into a photograph. Wide-angle lenses will elongatethe and background. Only the 50mm lens will capture the image
distance between the foreground and background. Telephoto ~ without this distance distortion.




One other aspect of the 50mm lens is that it only provides a view of the world that is about 46° of the
field of view. Items further to the left and to the right will not be included in the field of view unless
you back up. In this case, objects will appear smaller because they are now further away. If, however, it
is your intent to eliminate extraneous objects from your field of view, all you need do is move closer to
the primary subject until the extraneous items are outside of the 46° viewpoint.

Focal Length Multipliers

With digital SLR cameras, the concept of the “normal” lens is a bit more complicated. Different digital
camera manufacturers produce different sized digital sensors. Some of the digital sensors are the same
size as the film negative. However, at this time, these are normally found on only the more expensive
cameras in a manufacturer’s digital camera line. The medium-priced and less-expensive digital SLR
cameras use digital sensors that are smaller than a film's negative. Why does this matter? Because it has
a direct effect on a lens’ angle of view and, therefore, what is considered a “normal” focal length for
that camera.

Nikon has a 1.5 focal length multiplier on many of its medium and low-end digital SLR cameras. Sony
also uses a 1.5 focal length multiplier. Canon uses a 1.6 focal length multiplier. These smaller digital
sensors are sometimes referred to as Advanced Photo System-Classic (APS-C) sized sensors, which is
a reference to the film size created in 1996, which was 25.1mm x 16.7mm, which is smaller than the
35mm-sized negative of 36mm X 24mm.

How does this affect the lens’ field of view? Table 4.2 may help. It shows the standard film focal lengths
of 20mm, 28mm, 35mm, 50mm, 70mm, and 100mm compared with their digital focal length equiva-
lents, when the digital sensor is smaller than the film negative.

The graphic in Figure 4.56 will also help you understand this concept.

The effect is that the smaller digital sensor captures less detail than the film negative would have.
Another way to look at this is that the digital sensor produces a “crop” of the image, equivalent to the
effective focal lengths in Table 4.2. For instance, if a film camera encompassed a certain scene with
a 50mm lens on the camera, if you are using a zoom lens, and you zoom the lens to the 70mm set-
ting, you see less of the scene. This is exactly what you would see when using a digital camera with a
1.5 focal length multiplier. If you are using a zoom lens, and you zoom the lens to the 80mm letting
(presuming it has one), you see even less of the scene. This is exactly what you would see when using

Standard Film Focal Lengths versus Digital Focal Length Equivalents

Full Negative Size 1.5 Focal Length Multiplier 1.6 Focal Length Multiplier
20mm 30mm 32mm
28mm 42mm 44.8mm
35mm 52.5mm 56mm
50mm 75mm 80mm
70mm 105mm 112mm

100mm 150mm 160mm
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Sizeof afim negatv (66 x24 mm) a digital camera with a 1.6 focal length multiplier.
When using a digital camera with a sensor that is
smaller than a traditional film negative, the image
that is captured is a “crop” of what the film camera
would have captured.

Size of an APS-C sized digital sensor (roughly 23.5 x 15.7 mm)

To take the three images shown in Figures 4.57
to 4.59, a digital camera with a full-frame sensor
was placed on a tripod at the door to this kitchen.
For the first three images, a zoom lens was set to
28mm, then 35mm, and finally 50mm. Progressive
“crops” of the first image are seen in the second
and third images. For the fourth image, the camera
was replaced with a digital camera that had an
FIGURE 4.56 APS-C sized digital sensor, with a 1.6 focal length
Image taken with 50mm lens. multiplier. The same lens was used, and it was set
to 50mm. The focal length multiplier
should make the 50mm lens show the
same field of view as an 80mm lens.
The fourth image shows that it does.

For working crime scene photographers
wishing to capture a scene as their eyes
saw it, which focal length is to be used if
working with an APS-C sized digital sen-
sor in their camera? Table 4.2 provides
the answer. When you are using a digi-
tal camera with either a 1.5 or 1.6 focal
length multiplier, and your task is to
capture an image equivalent to a 35mm
film camera or a digital camera with a
FIGURE 4.57 full-frame sensor, set your lens to about
28mm lens and a full frame digital sensor. 35mm. Actually, since that will result in
an equivalent focal length just a bit lon-
ger than 50mm, readjust your focal length selection so that the lens selection line is opposite the “3” of the
35mm selection, or a bit just to the left of the “3” of 35mm. That will be your new “normal” focal length.

Some might think that the use of a 35mm lens under these conditions may lead to a wide-angle lens
“elongation of the scene” effect previously pointed out. This does not happen. Since a 35mm view of
the world is being “cropped” by the smaller digital sensor, the areas in the foreground, which would
show the elongation, are being “cropped” out, and the resultant image shows no elongation. The image
examples in Figure 4.61 help to demonstrate this effect.

Both the top-left image and the right image were taken with a digital camera with a full-sized sensor.
The focal lengths are acting as they would on a 35mm film SLR camera. The right image shows both
a wider field of view and a pronounced elongation of the scene. The corridor did not look like this to



the eye. (Ever wonder how scenes are
elongated in scary movies? The cine-
matographer simply rotates the zoom
lens from “normal” to wide-angle.) The
lower-left image is a crop of the right
image, done in Photoshop. Cropping
the image taken with the 28mm lens
results in an image that looks “normal”
and no longer elongated.

Figure 4.62 will help make this point
stronger.

The top three images of Figure 4.62 were
taken from the same location, using a
FIGURE 4.58 digital camera with a full-frame sensor.
35mm lens with a full frame digital sensor. The focal lengths of the lenses are act-
ing “normally.” The 50mm view can be
considered a “crop” of the 28mm view.
The 105mm view can be considered a
“crop” of the 50mm view. The “crops”
just show magnified views. The image
taken with the 50mm lens could have
also been captured with a digital cam-
era with a 1.5 focal length multiplier,
with this camera set to about 35mm.

To end this discussion of focal length
multipliers, it should now be obvious
that anyone wishing to take a photo with
a telephoto lens is greatly helped when
using a digital camera with an APS-C
sized digital sensor. The trade-off is that
: your wide angle lenses aren’t quite so
FIGURE 4.59 “wide” when used with these cameras.

50mm lens with a full frame digital sensor.

To be perfectly accurate, telephoto
lenses do magnify distant subject mat-
ter, making them larger. Digital cameras
with focal length multipliers, however, only “crop” what would have been captured with a full-frame
digital sensor. This “crop” is not technically true magnification. When the cropped shot is printed out
at full size, and you see what had been a distant object as a larger image, sometimes you incorrectly
think of this as magnification. An enlarged “crop” is not the same as magnification.

Figure 4.63 shows various angles of view of selected lenses, used with 35mm film SLR cameras
or digital SLR cameras with full-frame sensors. Lenses range from an ultra-wide fisheye lens that
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FIGURE 4.60
Image taken with a 50mm lens on a camera with a 1.6 focal length multiplier,
the equivalent of an 80mm lens.

has a 180° view to a super-telephoto
1200mm lens with just about a 2°
view. Lenses with focal lengths less
than 50mm are referred to as wide-
angle lenses; lenses with focal lengths
more than 50mm are referred to as
telephoto lenses.

Telephoto Lenses

Lenses with a focal length longer
than 50mm are called telephoto
lenses. They can range from 60mm to
1200mm. The optical centers of these
lenses are farther from the film plane
than a 50mm lens’ distance. This

FIGURE 4.61
A crop of a wide angle lens image eliminates the effect of elongation, which is usually a normal effect of using wide-
angle lenses.



FIGURE 4.62
The same scene taken from the same position with different focal length lenses. Then, the 28 mm and 50 mm views were cropped.

difference produces distinct changes to a photograph, compared with the 50mm lens look. These
differences are as follows:

Magnification

Narrower field of view

Compression of foreground to background distances
Narrower DOF range

Magnification

Telephoto lenses are perhaps best known for their ability to magnify distant objects. This telescopic
effect can be determined by dividing the focal length of the telephoto lens by 50mm. Therefore, a
100mm lens would be the equivalent of a 2x telescope; a 300mm lens would be the equivalent of a 6x
telescope. The distant subject would be magnified by two times and six times, respectively. This mag-
nification ability is perhaps best suited to surveillance photography, when it is necessary to identify
distant subjects by photographing them while the photographer maintains a safe digance so as not
be noticed.
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Focal Length Angle of View  Compare two scenes in Figures 4.64 and
1200mm |_| 2005  4.65: one taken with a 50mm lens; the
other, a partial enlargement of the first.

600mm 4°10'
In the center of Figure 4.64, you may
300mm g°15 be able to notice a small, vague, dark-
jacketed person. It is extremely difficult

to do so because the person is standing

400" from the camera, and the image

was taken with a “normal” 50mm lens.

100mm 24° A 50mm lens is certainly not sufficient
to resolve the detail of the subject.
Figure 4.65 confirms this. It is a crop

and enlargement of Figure 4.64, show-

ing the subject “better.” The resolution

46° is notadequate to make out the subject,
other than to suggest the subject may
possibly be a blonde female. Individual

/ g3° Characteristics are lacking altogether.
/ Figure 4.66 is an image of the same

50mm

~ 3
A\

20mm 94°

subject standing the same distance
from the camera at night. The differ-
ence here is that an 800mm lens was
used. Although the subject appears to
be underexposed, she is certainly much
larger. Figure 4.67 shows the same
image digitally cropped and enlarged,
and the underexposure has been cor-
Fish Eye 180° rected. The resolution is sufficient to
FIGURE 4.63 make out the face and to determine
Various angles of view of some lenses. (Courtesy of Jeff Robinson, scamper.com.)  the letters and numbers on the license
plate held by the subject. It appears the
tag has a frame with a name on it: Jerry’s. Certainly, this focal length lens has adequate magnification
for an identification of the individual. For this reason, the next Rule of Thumb has been established.

RULE OF THUMB 4.7

In surveillance situations, to be confident magnification will ~ 2mm of lens per foot of distance between the camera and
be adequate to recognize either a subject’s face or toread a  the subject.
license plate, you should use a lens that has a focal length of

With Figure 4.66, an 800mm lens was used for a distance of 400" between camera and subject.



FIGURE 4.65

50mm view, subject
FIGURE 4.64 400" away, cropped
50mm view, subject 400" away. and enlarged.

To understand this Rule of Thumb better, examine the
images shown in Figures 4.68 to 4.70. On the cam-
pus of The George Washington University, you might
expect to run into George several times. One of his
statues is life-sized. Figure 4.68 shows George viewed
by a lens that had 2mm of lens for each foot between
camera and statue. From 50" away, a 100mm lens was
used. George is the size on the image that is recom-
mended for surveillance situations. When his face is
cropped and enlarged, you would still expect to be able
to recognize it. Be aware that these images were taken
with midday lighting. As the lighting gets more and
more problematic, the difficulties would increase. But,
even in a nighttime situation, 2mm of lens should be

FIGURE 4.66
800mm view, nighttime, subject 400" away, cropped and processed.

FIGURE 4.67 RS
Cropped further, enlarged, and FIGURE 4.68
processed. 2mm of lens per foot of distance on left. Crop on the right.
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able to resolve distinguishable features.
Figure 4.69 was taken from the same
position, but with a zoom lens adjusted
to about 50mm: 1mm of lens per foot of
distance. The face is a bit smaller in the
image. You would expect enlargements
that had the face recognizable to be just
a bit more difficult, especially in darker
conditions. Figure 4.70 was taken from
the same position, but with the zoom
lens adjusted to about 24mm: 0.5mm
of lens per foot of distance. The face is
smaller yet, compounding any attempt
to resolve the face so it is recognizable.
Because capturing the facial features in
surveillance situations is so critical, you
cannot take chances of losing the detail
you seek to capture in the first place. The
use of 2mm of lens per foot of distance
guarantees this detail will be obtained.

From any viewpoint of an item of evi-
dence, if it is desired to fill the frame
with critical aspects of the object, mov-
ing closer to the object matter is usu-
ally advised. However, at times moving
closer is not practical. Other critical evi-
dence may be in the way, prohibiting
moving closer to the subject matter of
FIGURE 4.70 the photograph. Or it may not be safe
0.5mm of lens per foot of distance on the left. Crop on the right. to step closer to the item of interest. At
an arson scene, the floor may be weak
just ahead of the place where the crime scene photographer is currently standing. In these situations, you
should consider using a zoom lens in its telephoto setting, which will magnify the area of interest.

Care should be maintained that this use of a telephoto lens merely magnifies or enlarges critical details
of the evidence. As explained previously, use of a telephoto lens can distort the relative perspective
between objects. Therefore, a zoom lens cannot be used to show “a fair and accurate representations of
the scene,” specifically the distance between two or more objects. The use of a zoom lens to enlarge an
individual element of the scene is, however, permissible.

An example is helpful. At a remote fire scene with fatalities, an electric clock on a wall suggested the
time of the fire when the fire damaged the electric cord and stopped the clock. The floor around the
clock had completely collapsed. The clock could be viewed only from another room that had a wall
also burned away. To photograph the clock, the crime scene photographer used a telephoto lens. The
clock was magnified and filled the frame of the viewfinder. The telephoto lens was used for its strength:



magnification. No other scene details were included in the composition to avoid the tendency of
telephoto lenses to compress foreground-to-background distances.

Narrower Field of View

As you can see in the preceding photographs, telephoto lenses also take in a narrower field of view than
the 50mm lens. Although the 50mm lens takes in 46°, a 100mm lens takes in only 24°, a 300mm lens
takes in only about 8°, a 600mm lens takes in only about 4°, and a 1200mm lens takes in only about
a 2° view of the scene. Recall Figure 4.63. This narrower field of view can be useful; by eliminating
extraneous items to the left and to the right, the photographer can force the viewer to concentrate on
the intended primary subject, rather than being distracted by a myriad of objects in the field of view.

Compression of the Foreground and Background

Because the background will be magnified with a telephoto lens, making it appear enlarged, the rela-
tive perceived distance between the camera and the background is necessarily compressed. Objects
appear closer together than they really were. This perceived distance between the foreground (the
photographer’s position) and a magnified object in the background appears to be shorter.

Consider how this might affect skid marks at a fatal accident scene. If the photographer frames the
scene from the beginning of 100” of skid marks leading to the place where the vehicles are found rest-
ing together and uses a 50mm lens to capture the image, the resulting photograph will duplicate the
scene as the eye had seen it. If a 100mm lens is used instead, the vehicles in the background will appear
to be closer to the photographer than they had been in reality, and the perceived length of the skid
marks will appear to be shorter than they originally were, which distorts reality. The photograph taken
with a telephoto lens could not be used in court as “a fair and accurate representation of the scene as it
appeared.” An unscrupulous defense attorney, representing the driver who skidded, may be tempted to
hire a photographer to take photos of the scene using a telephoto lens. The resulting shorter skid marks
can be interpreted by the jury as suggestive of less speed just before the accident.

Figures 4.71 and 4.72 demonstrate this idea, although they are images of double yellow lines instead of
skid marks. Figure 4.71 shows the length of the double yellow lines when photographed with a 50mm
lens, which is also the length of the lines as seen by the eye. Figure 4.72 shows the same double yellow
lines photographed with a 100mm lens. This lens compacts the apparent true length of the lines, mak-
ing them appear shorter. Crime scene photographers need to understand that using telephoto lenses
with vertical evidence will alter their “fair and accurate” appearance so that they are not tempted to use
these lenses in these situations. They also need to be aware of the effect of compacting foreground-
to-background distances in case photographs presented by the defense look radically different from
their own, so they can explain the differences to the judge and jury in court.

Because of this compression effect, telephoto lenses are used in law enforcement mostly for their mag-
nification qualities: to make it easier to recognize distant objects. The use of telephoto lenses to docu-
ment overall crime scenes and overall accident scenes is strongly discouraged because of the relative
distance distortion they create.

Narrower Depth of Field

As mentioned earlier, depth of field is the variable area, from foreground to background, of what appears
to be in sharp focus. Another effect of using a telephoto lens is a reduction in the depth of field area.
When using a telephoto lens, less appears to be in focus than when using a 50mm lens. Why is this?
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FIGURE 4.71 FIGURE 4.72
50mm lens with double yellow lines. Same double yellow lines with 100mm lens.

The same f/stop will produce different diameters of the diaphragm with different focal length lenses.
Recall Figure 4.41.

Should you use an f/8 with a 24mm lens, a 50mm lens, and a 100mm lens, the resulting aperture size will be
different with each lens. With a telephoto lens, the diameter of the diaphragm will be the largest compared
with either a normal lens or a wide-angle lens. The telephoto lens would, therefore, have its circles of confu-
sion, which are still perceived to be in focus to the eye, closer to the plane of exact focus, which is the film
plane. The result is a shorter DOF range.

When used in surveillance situations, this reduced DOF range is usually not a problem because you
will be focusing on relatively small areas or on individuals. Even the widest apertures used with tele-
photo lenses will produce some DOF when distant scenes or subjects are focused on.

Wide-Angle Lenses

Lenses with a shorter focal length than 50mm are called wide-angle lenses. Wide-angle lenses can
range from a 35mm lens to a true fish-eye lens, which can capture 180° of detail. The optical centers
of these lenses are significantly closer to the film plane than a 50mm lens’ distance. This difference
produces distinct changes to a photograph compared with the 50mm lens look. These differences are

m Wider field of view
= Elongation of foreground-to-background distances
= Increased depth of field



Wider Field of View

Wide-angle lenses naturally capture wider views of the scene. The relative increase in the field of view
can be very close to what a normal 50mm lens would capture when using a zoom lens set to about
40mm or 45mm. Remember that the true diagonal of a negative that is 24mm high and 36mm long
is 43mm. Therefore, when the scene is viewed from a zoom lens set at about 43mm, the scene should
look exactly the same as when you remove your eye from the viewfinder. If not, some magnification
ratio may be set into the viewfinder optics. Check your camera’s manual.

A 35mm lens, and wider lenses, should begin to show more and more of the scene in the viewfinder,
which becomes extremely handy when you have the duty to photograph wide objects, like the exterior
facade of a large building. With just a
50mm lens, you would have to take
many more photographs. With a wide-
angle lens, you would be able to cap-
ture the same overall detail with fewer
images. The same would apply when
faced with the need to capture interior
overall photographs of a room that con-
tains a crime scene. If you want to cap-
ture the full 360° view of all the walls,
using a wide-angle lens would reduce
the number of photos required. This
idea will be revisited in Chapter 6.

b

ey e Figure 4.73 shows the view of a kitchen
FICURE 4.73 while the photographer was standing at
Room photographed with a 50mm lens. the doorway and while using a 50mm
lens, which is the typical 46° view that
a 50mm lens offers. Figure 4.74 was
taken from the same position, but with
a 28mm lens. Much more of the scene
has been captured from left to right.
With moderate wide-angle lenses, such
as 35mm and 28mm lenses, the only
perceived difference in photographs
is this wider field of view. As much
wider focal lengths are used, usually
at around 20mm and wider, another
effect can also be noticed. Vertical lines
at the left and right edges of the image
begin to bow outward more and more.

FIGURE 4.74 Notice how all the edges of Figure
Same room photographed with a 28mm lens. 4.75a appear to be bowed outward.
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FIGURE 4.75A FIGURE 4.75B
A wide angle lens producing barrel distortion. A short telephoto lens eliminates the barrel distortion.
(Courtesy of Sarah Reeve, GWU MFS student,) (Courtesy of Sarah Reeve, GWU MFS student.)

This image was captured with a 24mm lens. The bowing outward of vertical lines at the edges of an
image is referred to as barrel distortion and many photographers use it for its creative effects. Crime
scene photographers, however, usually try to avoid this effect. Figure 4.75b was taken with a normal
lens, and the barrel distortion has been eliminated.

Avoiding the widest of the wide-angle lens choices can accomplish this task. Again, the 35mm and 28mm
lenses are used most by crime scene photographers because a distinct gain exists in the left-to-right field
of view, without incurring the barrel distortion wider-angle focal lengths can sometimes produce.

At times, the barrel distortion is replaced by having the tops of
vertical elements at the edges of the image appear to be lean-
ing inward, as in Figure 4.76.

Elongation of Foreground and Background

A wide-angle lens seems to make the background appear
further away than it really was. Going back to the example
of an accident with skid marks, if the wrecked cars are now
appearing to be further away, the skid marks running from
— the camera’s position to the vehicles appear to be longer
FIGURE 4.76 than they really were. A juror may interpret longer skid
Edges tilting in with wide-angle lens. marks as an indication of greater speed. Again, when “a fair




and accurate representation of the scene” is the desired goal
of the photographer, wide-angle lenses should not be used.

Figures 4.77 and 4.78 are the same double lines previously con-
sidered in the section on telephoto lens effects. Figure 4.77 is a
duplicate of Figure 4.71: a 50mm lens used to capture the dou
ble yellow lines. Figure 4.78 shows the same double yellow lines
captured with a 28mm lens. The lines appear to be stretched
longer than they appeared to the eye when the photograph was
taken, which is certainly not an accurate representation of the
scene as it appeared to personnel at the scene. Figure 4.77 could
be used in court; Figure 4.78 should not be used in court.

As with telephoto lenses, you can use a wide-angle lens for its
strength, without incurring its weakness. With telephoto lenses,
their strength is magnification. Their weakness is perspective dis-
tortion in the form of foreground-to-background compression.
The strength of a wide-angle lens is its ability to capture more
detail to the left and to the right. The weakness of the wide-angle
lens is perspective distortion in the form of foreground-to-back-
ground elongation. How can you use its strength without also
FIGURE 4.77 having the image suffer from its weakness? If you are careful with
50mm lens with double yellow lines. your composition, by carefully eliminating any foreground-to-
background detail in the field of view, you can use a wide-angle
lens for its ability to capture more details to the left and right.

Figures 4.79 to 4.81 show foreground-to-background distance
variations with different focal length lenses. Figure 4.79 was

FIGURE 4.78 FIGURE 4.79
Same double yellow lines with 28mm lens. Buildings and foreground, 28mm lens.
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FIGURE 4.80
Buildings and foreground, 35mm lens.

FIGURE 4.81
Buildings and foreground, 50mm lens.

taken with a 28mm lens; Figure 4.80
was taken with a 35mm lens; Figure 4.81
was taken with a 50mm lens. All were
photographed from the same location.
Because the wide-angle lenses show the
buildings apparently further away from
the photographer, a viewer of only one
of the images may incorrectly assume
the distance between photographer and
the buildings was greater that it is in
reality, which is the distance distortion
to be avoided with wide-angle lenses.
The 50mm lens may not show as wide
a scene as desired. Can you have wide
views without foreground-to-back-
ground distortion? Yes. See Figure 4.82.

Figure 4.82 shows the necessary com-
position adjustment required to have
the benefits of the wide view with a
wide-angle lens without having any
foreground-to-background distortion.
Eliminate the foreground. Just raise the
camera up until the bottom edge of
the viewfinder includes the bottom of
the structure you want to photograph.
Better to have a bit more sky in the com-
position than distorted foreground.

For those with a keen eye, you may also
notice that Figure 4.82 looks a bit differ-
ent than Figure 4.80. The edges of the
building are no longer tilted in quite
as much. Although it is not within the
scope of this text to serve as a how-to

book on Photoshop processing techniques, letting you know what is available is relevant to this text.
Photoshop enables some lens distortions to be corrected. Figure 4.82 has had some of its wide-angle lens
distortion corrected so the building sides and trees at the left and right of the image are not leaning in

toward the center quite as much.

Increased Depth of Field

Another effect of using a wide-angle lens is an increase in the depth of field. There will appear to be more
in focus between the foreground and the background than when using a 50mm lens. This is again a result
of the equation FFL/f/stop = DOD. The same f/stop used with different lenses will produce different



diameters of the diaphragms: 100mm/f/8
results in a DOD of 12.5mm; 50mm)/f/8
=6.25mm; and 24mm/f/8 =3mm. Light
coming through a smaller aperture will
result in the circles of confusion, per-
ceived by the eye to be in focus, to be
farther from the plane of exact focus at
the sensor. Recall Figure 4.41.

Unfortunately, this increased DOF is
rarely usable by crime scene photo-
graphers because at the same time a
wide-angle lens is causing the perspec-
tive distortion previously mentioned.
FIGURE 4.82 Despite the Cardinal Rule to maximize
Building without foreground, 35mm lens. DOE you cannot use wide-angle lenses
for most of your photography.

Macro Lenses

Telephoto lenses provide magnification of distant objects, but if the need is to magnify small objects
to fill the frame of a photograph, other types of magnification are needed. To put this into perspective,
consider that the normal 50mm lens, when it is focused to its minimum focusing distance, will fill the
frame of the viewfinder with an object that is approximately 6” x 9”. See Figure 4.83.

Many 50mm lenses have about 18” as their closest focusing distance. If you position the camera
closer than 18” to the object being photographed, the lens will not focus. Therefore, anything smaller
than 6” x 9” will require additional enlarging to truly fill the frame.

Magnification with a 1:1 Ratio
Another way this situation is usually explained is by saying that a typical 50mm lens has only a 1:7 magni-
ﬁcatlon ratio. This means that an object the size of a negative, photographed with a 50mm lens at its mini-
i mum focusing distance, will be 1/7th of its real size
on the negative or a print made from that negative
without enlargement. Or, seven objects the size of a
negative will fill the frame when photographed with
a 50mm lens focused to its closest focusing distance.
Figures 4.84 to 4.86 will help clarify this point.

A nickel is about the size of a negative. Figure 4.84
shows this. Figure 4.85 shows that the nickel photo-
graphed with a 50mm lens at its closest focusing
distance looks small. Figure 4.86 shows seven nick-
h % els aligned vertically, and they fill the frame nicely
FIGURE 4.83 when photographed with a 50mm lens focused to
50mm lens’ minimum focusing distance: 6” x 9”. its minimum focusing distance, which does not
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FIGURE 4.85
50mm view of a nickel at minimum focusing distance.

FIGURE 4.84
Nickel on negative.

comply with the Cardinal Rule to “fill the frame”
whenever possible.

Some sort of magnification is required to make a
small item of evidence appear larger when photo-
graphed, rather than just attempting to enlarge the
small nickel-sized object in the darkroom. If magni-
fication is required, how much magnification should
you have available? Many law enforcement agencies
seem to have decided that providing their crime
scene photographers with equipment that produces
a 1:1 magnification is optimal. A 1:1 magnification
FIGURE 4.86 is obtained when an item of evidence about the size
1:7 magnification ratio of a 50mm lens. of a nickel is life-sized on the negative.

An item the size of a nickel will fill the frame when viewed through the viewfinder. Figure 4.87 shows
what a nickel will look like through the viewfinder and how a print of that image will look if photo-
graphic equipment providing a 1:1 magnification ratio is used.

If equipment with a 1:2 magnification ratio is used, the nickel-sized object will be one half of its real
size on the negative. If equipment with a 1:3 magnification ratio is used, the nickel-sized object will
be one third of its real size on the negative. If equipment with a 1:7 magnification ratio is used, a typi-
cal 50mm lens, the nickel-sized object will be 1/7th of its real size on the negative, like Figure 4.85.

The only thing special about a nickel is that it almost perfectly fits the size of a negative. Perhaps a
better object to be concentrating on would be a single-digit fingerprint. SeeFigures 4.88 and 4.89.

Like the nickels, Figure 4.88 shows that about seven fingerprints, stacked vertically, fill the frame with a
50mm lens. When equipment providing a 1:1 magnification ratio is used, a single fingerprint fills the
frame nicely, as in Figure 4.89.
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FIGURE 4.87
1.1 magnification ratio of a nickel.

FIGURE 4.89
1:1 magnification ratio of a fingerprint.

FIGURE 4.88
1.7 magnification ratio of a fingerprint.

These concepts about magnification ratios are
made more confusing because lens manufacturers
will advertise that a lens has “macro” capabilities
and charge a premium price for it, but when the
literature is closely examined, the lens turns out to
have only a 1:5 or 1:4 magnification ratio, which is
only a slight improvement from what a 50mm lens
provides without any help.

For crime scene work, the macro capability desired
is a 1:1 magnification ratio, but a 1:2 ratio is accept-
able. Anything less will have small objects appear-
ing small on full-sized prints or will require the
darkroom operator to spend a lot of time enlarging
small items of evidence. The smaller the evidence is

on the negative, the more it will have to be enlarged to have the item appear to fill the frame of a print

made from that negative.

Forensic laboratory experts will want a life-sized image to work with to compare to evidence recovered
from a suspect. The more the image on the negative has to be enlarged to accomplish this, the more
loss of detail possible from the enlargement process. Therefore, it should be a crime scene photo-
grapher’s constant goal to ensure the evidence appears as large as it can be on the negative when the

image is originally captured.

How can these magnification ratios be obtained?

Macro Options

Three common alternatives exist to achieve a 1:1 magnification ratio:

» Use a true macro lens.
= Use close-up filters.
= Use an extension tube.
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Macro Lenses
Macro lenses providing a 1:1 or 1:2 magnification ratio can be very expensive. Macro lenses made by
Nikon and Canon can cost more than $300.

Macro lenses, however, produce the clearest, crispest close-ups of the three options discussed in this
text. They should be your first choice if you have any influence in the purchasing decisions of your

agency.

Extension Tubes

Second on your shopping list of equipment providing 1:1 magnification ratios should be an exten-
sion tube. An extension tube is a supplemental lens, inserted between the primary lens and the camera
body, to move the optical center of the primary lens farther from the film plane. This results in magni-
fication. Some manufacturers provide differing lengths of extension tubes to choose from, providing
differing magnifications. Extension tubes can cost approximately $75 to $100. The various extension
tubes can also be stacked, providing more magnification when used together. Some manufacturers
make extension tubes that are completely without any lens elements. You can stick your finger through
the center of the tube. Some manufacturers incorporate lens elements into the tube to assist with the
magnification process. Another way to vary the magnification possibilities is to use the extension tube
with a zoom lens rather than a prime lens with just one focal length. By altering the focal length, you
can control the amount of magnification desired. Figure 4.90 shows the alignment of camera body,
extension tube, and a zoom lens. Figure 4.91 shows the magnification of the extension tube used with
the zoom lens set at 105mm.

FIGURE 4.90

Camera and lens, left;
extension tube added between
the camera and lens, right.




Close-Up Filters/Diopters/Sub-lenses

A more cost-effective choice, if the budget is lim-
ited, which provides magnification ranges from
1:6 to 1:2, is the supplemental close-up filter set.
This set of three filters with differing magnifica-
tions can be stacked for different magnification
ratios.

The individual filters are usually designated a +1,
+2, and a +4. The +1 and +2 can be stacked for the
equivalent of a +3. The +4 and +2 can be stacked for
the equivalent of a +6. When more than one filter is
FIGURE 4.91 used, it is recommended to screw the highest num-
Magnification with the extension tube and a 105mm lens. ber onto the primary lens and apply the weaker fil-
ter last. Some manufacturers suggest that all three filters should not be used together. Their reasoning is
that each addition of glass between the evidence and the film or digital sensor can potentially degrade
the quality of the resulting image.

Another consideration is that many agencies recognize the wisdom of purchasing the best lenses that
are currently affordable. After all, the quality of the final image depends greatly on the quality of the
lens that captured the image in the first place. But, sometimes, when the decision to purchase close-
up filters is made, that same reasoning gets lost. To be consistent and logical, if it makes sense to
purchase good quality lenses, it is just as important to purchase good quality close-up filters. Putting
inferior glass on the end of an expensive high-quality lens serves only to degrade the primary lens and
its resultant image.

Close-up filter sets cost approximately $30 to $50, depending on manufacturer. Being able to stack the
lenses in different combinations, changing the magnification ratio to match the size of the object, makes
them quite versatile. The sequence of
images in Figures 4.92 to 4.96 shows
a 50mm lens used without any close-
up filters (Figure 4.92), and then a +1
(Figure 4.93), a +3 (Figure 4.94), a 45
(Figure 4.95), and a +7 (Figure 4.96a)
used with a stack of nickels. Figure
4.96b shows the close-up filters.

Lenses with Vibration Reduction

or Image Stabilization

Many newer lenses feature what is
referred to as either Vibration Reduction
(VR) or Image Stabilization (IS). Some
cameras will also advertise their cam-
FIGURE 4.92 era’s digital sensor has “anti-shake”
50mm lens used without close-up filters. technology. To achieve this effect, either
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FIGURE 4.93
50mm 1.

FIGURE 4.94
50mm 3.

the lens elements or the digital sensor
itself can gyroscopically move as the
camera detects movement, counteract-
ing the camera “shake.” This capability
usually becomes a benefit in one of two
situations. You may want to hand-hold
a telephoto lens, or a zoom lens with a
telephoto option, rather than put the
camera on a tripod. Telephoto lenses
usually require faster shutter speeds
to avoid blurred images. The normal
recommendation when hand-holding a
telephoto lens is to use a shutter speed
that is the reciprocal of the focal length
of the lens. That would mean hand-
holding a camera with a 500mm lens
would require using a shutter speed of
1/500th of a second. That shutter speed,
however, is problematic in dim lighting
conditions because it severely restricts
the light entering the camera. Normally,
putting the camera with a telephoto
lens on a tripod allows the use of slower
shutter speeds, making proper expo-
sures in dim lighting with telephoto
lenses easier.

You may also want to use a camera with
a slower shutter speed. The slower shut-
ter speed may be needed for a proper
exposure, as when you are trying to
shoot moving subjects in dim lighting
or, for creative reasons, when you may
want some sense of blur in the image.

In either case, Vibration Reduction and Image Stabilization systems can usually guarantee the absence
of blur when using shutter speeds at least 2 stops slower than “normal.” Manufacturers may also claim
the elimination or reduction of blur at 3 to 4 stops slower than a prudent person would use. For static
crime scenes, this is usually not an issue. For fast-moving surveillance situations, this capability is

particularly well suited.

Digital Lenses Specifically Designed for Digital Cameras

When digital SLR cameras first became popular, their sensors were smaller than a film camera’s nega-
tive. This is the APS-C digital sensor, previously mentioned. When lenses, designed to be used on a
film camera, were used with these new digital cameras, the focal length multiplier effect was noticed.



Because the APS-C digital sensor was
smaller than the film negative, the
light coming into the camera through
a film-sized lens created a circle over
the APS-C digital sensor much larger
than the digital sensor (see Figure
4.97). The digital sensor could record
only a portion of the data—hence, the
focal length multiplier effect. Some
camera manufacturers decided they
could make new lenses spe