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ABSTRACT

The present review article deals with the utility of microscope in a forensic science and its utility in research and
investigation. Thereview articletriesto explain the basic of microscopes ranging from a simple microscopeto electron
microscope. It further explains the utility of microscopes in a multitude of areas that could ease investigation and

research in aforensic science laboratory.
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INTRODUCTION

A microscope is an optical instrument that uses a
combination of lenses for magnifying images of objects.
In the recent years, forensic microscopy has occupied a
centre stage in forensic science research owing to its
enormous utility with its other fellow core science
disciplinesbeit chemistry, physics, botany or zoology in
solving criminal cases. From this perspective, it is
important to understand the utility of microscopes. The
main purpose of amicroscope isto magnify theimage of
asmall object. However, after areasonable magnification
is obtained, increased resolution of the object is then
desired. For this purpose, microscopeswith varied utility
are used in forensic science researchi®%,

Owing to the multidisciplinary nature of forensic science
as a subject, it is necessary that the wide utility of it as
discussed subsequently should be handled with great care.
Thisis particularly because on aregular basis, evidence
available for scrutinising is often available in very
diminutive quantities. Therefore, it becomes necessary
for aforensic microscopist to bewell trained for the utility
of microscope in forensic research. The present article
with this aim provides an overview of the microscopes
that are widely used in forensic science along with the
possible utility for the same.

Types of Microscopes Used in Forensic Science
Laboratory

There aredifferent types of microscopesusedinforensic
science laboratory. These are as follows:
1. Stereomicroscope
2. Thecompound microscope
3. Other Optical Instruments
a. Phase contrast microscope
b. Fluorescence microscope
c. Hot stage microscope
4. Comparison microscope
5. Polarising light microscope
6. Electron microscope
a. Transmission electron microscope
b. Scanning electron microscope

1. Stereomicroscope

The stereomicroscope is the most basic instrument that
is used in forensic science. Stereomicroscope usually
consists of two lenses, the objective and the eyepiece.
The stereomicroscope has along working space between
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the objective lens and the human eyes. A typical
stereomicroscope contains two compound microscopes
that are aligned side by sideto provide athreedimension
image of the object. Human eyes are separated by a
distance of approximately 65 mm, dueto which each eye
perceives an object in a different field. The
stereomicroscope transmits twin imagesto the brain due
to which an image in a stereoscopic aspect is perceived
by the brain. The magnification range for the
stereomicroscopeisquiet low, ranging from 2.5x to 100x.
A typical stereomicroscope consists of a light source,
sample stage, objective, support and alignment portions
and oculars. Thetype of light used in a stereomicroscope
depends upon the sample being viewed. If the object is
opaque, reflected light is used, and if it is transparent,
transmitted light isused. However, for some samplesboth
reflected and transmitted light is used. In a typical
stereomicroscope, the light that enters the objective is
divergent light and the one that leavesitis paralld light.
This parallel light is then split by a series of prisms,
redirecting the light to oculars. In a stereomicroscope,
theabjectivelensisbuilt with the body tube. Theutilisation
of a typical stereomicroscope does not require any
expertise. A stereomicroscope is generally used for
critical fundamental analysisof the specimens. It isuseful
in performing the crucial preliminary examination, which
includes manipulation of the evidence for more
sophisticated analysig®>7.

2. Compound Microscope

The compound microscope like the stereomicroscope has
two lenses the objective and the eyepiece, but it offersa
greater degree of magnification. The magnification
produced by a compound microscope ranges from 2.5x
to 1,300x. A compound microscope has an additional
condenser as well. The light that originates from the
illuminator iscollimated by the condenser. Thelight then
interactswith the sampleand iscollected by the objective.
Theobjective refocusestheimage and the ocularsreceive
it and focusit on to the eye. There are numerous types of
compound microscopes that are available in a forensic
sciencelaboratory, which sought their usage under varying
circumstances. Theseinclude bright field, phase contrast,
comparison, hot stage, fluorescence and polarising
microscope and otherg*>7,

3. Other Optical Instruments
a. Phase Contrast Microscope

The phase contrast microscope is primarily used to
distinguish the amplitude (dark and light) differences.
Although the human eye has the ability to differentiate
the amplitude differences, it cannot observe phase
differences. A phase contrast microscope assists in this
by converting the phase differences into amplitude
differences by using half-silvered rings and disks placed
in the optical system of the microscope to bring about
phase differences that can be observed and hence
photographed!*61°,

b. Fluorescence Microscope

Fluorescence microscopy isbased upon ability of certain
objectsto emit light of alonger wavel ength after they are
irradiated with light of shorter wavelength. This
fluorescence may originate from the fluorescent tags
attached to proteins or other compounds which causethe
substance they react with to fluoresce. A typical
fluorescence microscope consists of avertical illuminator
that directslight from the mercury burner through aseries
of lenses and filters onto the specimen and then selectsa
narrow or wide range of wavelength so as to excite the
specimen. The image that is formed through a
fluorescence microscopeisthrough the emitted light rays
and iswell resolved?.

c. Hot Stage Microscope

The hot stage microscopeis used to observe the behaviour
of the specimens as they are exposed to a range of
temperature ranging from ambient up to 350°C. In hot
stage microscope, the melting temperature is used in the
identification of unknown substanced™®.

4. Comparison Microscope

The comparison microscope asthe name suggestsisused
for the comparison of micrascopic items simultaneously.
Numerous comparisons such asthat of bullets, tool marks,
hairs and fibres are compared mostly during the final
stages of investigations. The comparison microscope
derivesitsimportance primarily because of the inability
of the human brain in remembering the slight differences
between the different items of interest. The human brain
can memorisethe major differences between two objects,
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but for minute differences, comparison microscope holds
utilityt™.

5. Polarising Light Microscope

The polarising microscope as the name suggests consists
of two polarisers that are inserted below and above
specimen. In addition, it also has a rotating stage and a
pair of compensators. The compensators are used for
providing contrast and to infer the qualitative and
guantitative optical properties of the objectsunder study.
A polarised light microscope allowsanalysisof different
objectsunder plane polarised light, between crossed bars
and by convergent polarised light!”.

6. Electron Microscope

An electron microscope uses electrons as a source of
illumination. It hasagreater resolving power as compared
with light microscope asthe wavelength of an electronis
shorter than a photon that manifestsin greater resolving
power.

a. Transmission Electron Microscope

The transmission electron microscope uses an electron
beam produced by the tungsten filament cathode (el ectron
source) to produce an image. The electron beam is
accelerated by the anode with respect to the cathode,
focussed by el ectrostatic and electromagnetic lenses, and
this is then transmitted through the specimen (typically
lessthan 100 nm thick) that istransparent to the el ectrons
and scatters them out of the beam. The light which
emerges from the specimen, provides the necessary
information about the structure of the specimen is
magnified by the objective lens of the microscope*4.

b. Scanning Electron Microscope

The scanning el ectron microscope producesimage of the
specimen by scanning the specimen with an electron beam.
When the beam of electron scans the specimen, energy
is lost and is converted into alternative forms such as
heat, low energy secondary electrons and high energy
backscattered electrons, all of which provide the
necessary information about the properties of the
specimen like topography and composition and others?.

Utility of Microscopes in Forensic Science
Research and Investigation

The utility of microscopes is forensic research and

investigation is immense ranging from photography,
dermatoglyphics, ballistics to biology. In this context,
phase contrast microscope is often used for the
comparison of mineral grains from sand and soil types,
fibres, crystals, cosmetics, crystal material, automotive
and architectural paint pigments and others. In contrast
to this, the phase contrast microscope is primarily used
for the comparison of biological materials like
spermatozoa, epithelial cells and others. Fluorescence
microscopy though applied to alimited extentin forensic
serology is used for the detection of antigen—antibody
reaction at cellular level (http://what-when-how.com/
forensic-sciences/microscopy/). Besides this, it is aso
based on the comparison of glass fragment samples,
wherein based upon the differences in the refractive
samples, the type of questioned glass fragment is
ascertained®.

In addition to this, the increasing utility of electron
microscope has increased in forensic microscopy.
Scanning electron microscope asofinds utility inanalysis
of bullet marks®. It is also used in forensic odontology
for the study of teeth® and in forensic anthropology for
the study of sharp trauma force!™. In addition, scanning
electron microscope also document utility in forensic
entomology!®. Thisis because certain species of insects
are known to be associated with human cadavers.
Scanning el ectron microscopeisidentifying eggsof such
insects. A recent study by™ documented the utility of
scanning electron microscopein theinvestigation of bite
marks on food stuffs.

Reference® has highlighted the utility of atomic force
microscopy in the examination of linecrossingsinforensic
documentation. Although optical microscopes and
scanning electron microscope find utility in such
examinations, the benefits that a researcher reaps from
atomic force microscope are noteworthy. One of itsmajor
advantage is the non-destructiveness of the spots of
interest that are not altered by scanning. Besides this, it
is also cheap as compared with the classical scanning
€electron microscope.
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