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AB~TRACT 

The Forer.s;c Microscopy Workshops project was designed to conduct 20 

one-week regional workshops in forensic microscopy for approximately 300 

crime laboratory examiners. l"raining was provided for 357 examiners, 

exceeding the project goal by 10%. A review of the state of the art of 

forensic microscopy and a medel for future criminalistic workshops were 

also accomplished during this program. 

Priority topics for future training workshops were compiled, based on 

a survey of workshop participants. The mean rating from student evaluations 

of the value of the course was 6.0 out of 7. 

The study has identified a nucleus of dedicated and highly motivated 

examiners who should be given additional training in forensic microscopy. 

Recommendations for the continuation of training opportunities and the 

establishment of mechanisms to continue to update the skills of workshop 

graduates in forensic microscopy are contained in the final report. 
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EXECUTIVE SUI·1MARY 

A. Introduction 

The Forensic Microscopy Workshops Project has resulted in the training 

of more than 300 examiners from 177 of the nation's crime labdratories. 

Three main factors were responsible for the successful completion of this 

project: (1) the expertise. and teaching abi 1 ity of the McCrone Research 

Institute (McRI) instructi anal staff, (2) the proximity of the training 

workshDp~ to those examiners receiving the training, and (3) an 80% reduction 

in the l,yorkshop fee 2 which otherwise would have been prohibitive for most 

crime laboratories and individual examiners. 

The function of the crime laboratory is to bring scientific methods and 

knowledge to bear on the criminal justice system. Among the tYPffiof physical 

evidence routinely analyzed by examiners are: firearms and ammunition; 

bloodstains; questioned documents; iatent fingerprints; drugs and narcotit:s; 

body ti ssue; and var-lous other trace mater; a 1 s. Mi croscopi c ana lys i sis 

particularly suitable for the examinatio~,of trace evidence such as glass, 

paints, soils, botanicals, f,1bers, hair, drugs, explosives and gunshot 

residue. However~ if the laboratory is to benefit from the services that 

microscopy can offer, examiners must be adquately trained. Unfortunately, this 

is not usually the case. Inadequate exposure to the microscope, lack of 

qualified instructors and budget cuts which limit opportunities for training 

are among the factors that contribute to the disuse of microscopy in crime 

laboratories. The results of'the Forensic Sciences Foundation's. Laboratory 

Proficiency Testing Research Program (LEAA Grant Nos. 74NI-99-0048 and 

76NI-99-0091) demonstrated that laboratories were experiencing difficulties 

in the examination of many types of tl"ace evidence which require the proper 
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use of the microscope such as glas~, hair, fibers, paint, soils, drugs, 

wood, paper and firearms. 

B. Methodology 

The initial task of the project was to select a Workshop Steering committeel 

(WSC) to be responsible for overall project guidance and internal evaluation. 

Those selected were: 

Harold A. Deadman 
Laboratory 
Federal Bureau of Investigation 
Washington, D.C. 

Peter R. De Forest 
John Jay College of 

Criminal Justice 
New York, New York 

Bart Epstein 
Minnesota Bureau of 

Criminal Apprehension 
St. Paul, Minnesota 

John I. Thornton 
School of Public Health 
University of California 
Berkeley, California 

Da 1 e H. H.e; deman 
Florida Department of 

Criminal Law Enforcement 
Tallahassee, Florida 

Georg~ Ishii 
Western Washington Regional 

Crime Laboratory 
Seattle, Washington 

Walter C. McCrone 
McCrone Research Institute 
Chicago, Illinois 

The McRI instructional staff developed the curriculum for the workshops. 

It was modified to meet the needs of each regional workshop, to co~respond to 

the equipment capabilities of crime laboratories in these regions and to 

reflect the resu1ts of the proficiency' testin\l rescarc i,1 project. Minimum 

laboratory and student eligibility requirements for admissi0!1 to the workshop 

were developed by the VJSC and implemented by Forensic Science Foundation (FSF) 

staff. FSF also administered the student application procedure. 

Twenty forensic microscopy workshops were conducted in the following 

locations: 
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Orlando, Florida 

Atlanta, Georgia 

Raleigh, North Carolina 

Washington, D.C. 

Storrs, Connecticut 

Chicago, Illinois 

Austin, Texas 

Sa 1 tif!1ore, ~1aryl and 

, 

London, Ohio 

Denver, Colorado 

Seat~le, Washington 

Modesto, California 

Los Angeles, California 

Phoenix, Arizona 

Shreveport, Louisiana 

Fifteen workshops were at a basic level of difficulty and five were advanced 

courses in either Botanicals or Soils and Mineralogy. 

All supplies and materials were provided and transported to each workshop 

site by McRI. These materials included 25 polarizing microscopes and supporting 

materials, a closed circuit TV system, a public address system, AV equipment, 

laboratory chemicals and supplies and a library. 

A workshop evaluation component was built into the project, comprising 

pre- and post-workshop evaluations of students' knowledge, daily quizzes, 

practical examinations, follow-up proficiency testing and student assessments 

of the trainin~ program. 

C. Results 

1. Enrollment. The forensic microscopy workshop resulted in the training 

of 357 scientists, exceeding by 57 (19%) its stated goal. The mean number of 

students per class was 17.9. An average of 9 crime laboratories were 

represented at each workshop - a total of 177 in all. 

2. Proficiency Tests. Over' half the students who attended the basic 

courses reported their follow-up proficiency test results to McRI. Sixty-four 

percent have completed their tests satisfactorily and 35% are in various 

stages of retesting. No student has failed the retesting. 
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All students who completed the advanced courses passed the proficiency 

tests administered during the w,orkshops and received certificates of completion.? 

Considering both the basic and advanced workshops, 75% (167) of the 223 

participating students successfully completed their proficiency tests. 

3. Student evaluations. Using a standard 7-point response scale ranging 

from low or poor (1 through 3), to neutr~l (4), to good or positive (5 through 7), 

students were asked to rate the workshops on various criteria. The overall 

value of the workshops was rated at 6.0; the quality of the instruction was 

6.4; instructors I skill 6.9; instructors I knowledge of forensic microscopy 

6.8, to high1ight a few items. Of the workshops 1 participants, 98.2% indicated 

they would recommend these courses to others from' their home laboratories. 

When asked to recommend topics for future training workshops, fibers, hair, 

soils/mineralogy, paint cind drugs were mentioned most frequently. 

~. Microscope slide sets. A set of approximately 80 standard reference 

microscope slides was issued to each laboratory that sent a student to each 

workshop. 

5. Future workshops model.. Guidelines for those planning to uffer train­

ing workshops in the future were compiled by project staff into a "ruture 

Workshops Model. II The model incl udes the project 1 s recommendation:'5 for 

selection of instructional staff, the use of advisory boards, determination 

of class size and length, site selection, setting tuition, advertising, 

application and workshop evaluation procedures. 

6. State-of-the-art monograph. The project has produced a monograph 

entitled, "A Summary of the State of the Ar.t of Forensic Microscopy." 

D. Findings and Recommendations 

Sc'ientists of varying experiences and motivations attended these workshops. 

Many saw the course as a unique opportunity to advance their forensic 

capabilities through an intense one-week effort with one of the world's most 
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gifted microscopists. Many students made an effort to derive maximum benefit 

from the course, devoting many hours to studying on site and to follOW-lip 

proficiency testing and further learning on returning to their home laboratories. 

Others were content to pi ck up a few II tr'i cks il to uti 1 i ze in the 1 aboratory . 

A veteran polica officer who described the course as his "most intense 

experience since SHAT training" most clearly captured the intensity of the 

workshop, a feeling shared by most of his fellow participants. 

As a result of these workshops, there is evidence of unprecedented interest 

in forensic microscopy by criminalists. Some regional forensic science associa­

tions have contacted the workshop teaching staff hoping to schedule additional 

local workshops for their criminalists. An informal newsletter to distuss 

topics relating to forensic microscopy is soon to be published. McRI staff 

often is consulted by workshop graduates concerning problems encountered on 

specific cases and on how to expand laboratory standard reference materials. 

Students boast of successful analyses of trace evidence using the microscope 

that they would never have attempted before taking the workshops. 

Despite these accomplishments, one or two-week intensive courses in 

forensic microscopy cannot transform the criminalist into an accomplished 

forensic microscopist or cause a dramatic immediate nationwide increase in 

the use of forensic microscopy. What was accomplished at this series of 

workshops, however, was to heighten the examiners 1 awareness of the many 

capabilities and applications of the polarizing microscope to solve problems 

associated with physical evidence. Basic procedures were presented and 

demonstrated with the hope that, on returning to his or her home laboratory, 

the student would practice these skills to attain an even higher level of 

competency. 

The momentum generated by the Forensic Microscopy Workshops should 
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be sustained through the support of additional training workshops. This 

model of regionally based workshops has proved quite effective and would lend 

itself to continued training schedules for both intr~ductory and special-topic 

presentations. Suggestions from laboratory directors and students point to the 

need to support a major portion of student travel and living expenses for 

future workshops, in addition to the basic cost of tuition. This arrangement," 

which proved successful for other NILECJ funded training workshops, would 

permit smaller outlying laboratories to send their personnel to the workshops 

and would increase the overall level of participation nationwide. Funding for 

80% of student travel and living expenses is thus strongly recommended. 

It is imperative that participants in these workshops be afforded the 

opportunity to continue training in forensic microscopy. Thus we recommend 

that programs be supported - - perhaps in conjunction vti/th regional forensic 

science association meetings and/or the annual meeting of the American 

Acadmy of Forensic Sciences - - to provide periodic update workshops and 

common-interest sessions for forensic microscopists. Internships and 

sabbaticals are required to further develop the skills of crime laboratory 

personnel and allow them oppo~tunities to put aside their casework and pursue 

research in forensic microscopy. A survey to identify microscopy programs 

at colleges and universities should also be undertaken, and the better programs 

supported through student scholarships, internships, and continuing programs 

to bring faculty up to date in current technology. 

Consensus of the project staff, instructors, steering committee and students 

is that the length of the basic workshop should be lengthened to two weeks. 

Although this would require a corresponding increase in tuition and other 

expense, it is deemed necessary. The one-week, advanced, special topic courses 

which would be offered to each region during the proposed second phase of 
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training, should continue unchanged. Topics for advanced courses should 

. include botanicals, soils, and explosives and explosive residues. A drug 

identification course is also badly needed but'would require at least"a year 

to prepare. An estimated budget for offering twenty additional basic and 

advanced workshops is included in the project final report: A proposal for 

a course in forensic microscopy for occasional users is also recommended. 
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CHAPTER I. INTRODUCTION 

The NI~ECJ-SPOnSored Forensi.c Microscopy Workshops Project has resulted 

in immediate and tangible benefits for the nation·s crime laboratories. A 

sUbstantial number of scientific examlners . have measurably improved their 

ability to examine physical trace evidence using the polarizinglllicroscope. 

Through this serles 0 . f regl'onal workshops, microscopy training has been offered 

to over 300 examiners, representing 177 out of the approximately 250 crime 

laboratories in t e ~ h Un,'.ted State~ --- a major accomplishment. 

A. Success Factors 

were ,'esponsible for the successful completion of this Three main factors 

and teaching ability of the McCrone Research project: (1) the expertise 

Institute instructional staff, (2) the proximity of the training workshops 

, , "d (3) an 80% reduction in the to those examiners recelvlng the tralnlng, an 

b h'b'tl've for most crime workshop fee, which otherwise would have een pro 1 1 

laboratories and individual examiners. 

1. Quality of training. We were fortunate to have the instructional 

services of the McCrone Research Institute (McRI), which is considered to be 

one of the most competent scientific laboratories in the fields of microscopy, 

u1tramicroana1ysis, and crystallography. The McRI staff was directed by 

Dr. Walter C. McCrone, the founder and chief scientific advisor of McCrone 

Associates, and by Mr. Skip Pa1enik, teacher, scientist, and recognized 

expert in the area of forenslc mlc~oscOp . " y They provided the strongest 

foundation for a tralnlng " program of this magnitude; this is apparent from 

the students· evaluations discussed in Chapter III. 

2. Workshop availability. Efforts to attract sUbstantial numbers of 

to tral'nl'ng workshops are usually hindered by the budget laboratory examiners 

d h ba. ck10g of cases in the examiner·s home laboratory, restrictions an t e 
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tuition expenses for a typi~al training course often exceed $500 per week, 

which combined with airfa.re, ground transportation? and 1 iving expenses 

limits the number of students that a laboratory director can afford to send 

to a typical, centrally located training program. 

We solved this problem successfully in this training project because 

we were able to reduce training costs by transporting the teachers and the 

instructional materials to various regions of the nation. Twenty regional 

forensic microscopy workshops were conducted in the continental United States, 

each capable of accommodating up to 24 microscopists. All equipment and 

supplies were transported by van to those geographical regions of the country 

where the greatest demand and need for training existed. The equipment and 

supplies included 25 polarizing microscopes, a closed-circuit Video system, 

assorted audio-visual and laboratory materials, and a library of general 

science and fO\~ensic science. literature. 

3. Cost of training. Through the support from this NILECJ prOject, 

the cost for each student was $65 for a one-week session. The cost of the 

student· s course manua 1 and 1 aboratory suppl ies were included in thi,s nomina 1 

charge. Students, or their laboratories, were required to pay for their 

transportation and living expenses; these costs were minimized when possible 

by obtain·ing dormitory space in universities or police department training 

facilities or by arranging for special group rates at commerical hotels or 
motels. 

8. Need for Training 

Function of the crime laboratory. The function of the crime laboratory 

is to bring scientific methods and knowledge to bear·on the criminal justice 

system. Techniques adopted from the biological, chem~cal, and physical 

sciences are combined to produce information for judicial decision-makers, 
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giving them a powerful means for res.olving questi.ons. surrounding a legal 

case --- ultimately the guilt or innocense of the accused. 

The analytical techniques of the forensic laboratory are important to 

ail aspects of th~ crtminal jus,tice system. The forensic scienti'st my help 

determine whether a crime has been committed, for example, in determining 

the origin and cause of suspicious fires or in resolving questions about 

a death that might have resulted from an accident, foul play, or suicide. 

The crime laboratory is called on b,oth to aid the police in the identification 

of suspects in criminal investigations and to answer inquiries that might 

clear an innocent person. Many crime labora~ory examinations culminate in 

the presentation of facts in a court of law by the expert 'witness. 

C. Examination of Evidence Using Microscopy 

Types of physical evidence routinely examined by crime laboratory examiners 

include a wide range of categories: firearms and ammunition; bloodstains; 

questioned documents; latent fingerprints; suspected drugs and narcotics; 

body tissue (toxicology and pathology); and various other trace materials, 

(Figure 1). Microscopic analysis is particularly suitable for trace evidence 

such as glass, paints, soils, botanicals, ,fibers, hair, drugs, explosives, 

and gunshot residue. Only a, very small percentage of potential trace evidence 

at crime scenes and on victims is collected. Of this, only a small fraction 

is analyzed. Many times, microscopy is the only method suitable for this 

analysis. 

In the hands of a skilled forensic examiner, the microscope frequently 

limits the need for other, more costly, sophisticated examination techniques 

and instrumentation in the crime llaboratory while delivering an equal or 

greater amount of useful information. Both initial costs and maintenance 

costs of the microscope are low. Because budget cuts are likely to continue 
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STUDENT AT MICROSCOPE 
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in most police agencies and fore,nsic laboratories.; there may be a move away 

from expensive instrumentation and toward the more economical ~ equallY 

effective micros·cope. However, if' the laboratory is· to benefit from the 

services th&t'microscopy can offer~ examiners must be adequately trained. 

D. Reasons for the Inadequate Use of Microscopy 

Laboratory personnel generally have been unaware of the extensive 

forensic analytical capabilities of the microscope. Microscopy is seldom 

offered as a separate course in the scientific' curriculum of most colleges 

and universities. Stude~ts acquire only cursory knowledge of and limited 

familiarity with the microscope in their general science course work. 

Furthermore~ it takes a cons,iderable investment of timE:' and money to train 

a person to become a qualified microscopist. Rather than making this 

investment or hiring a trained microscopist, laboratory directors have 

often used federal funds to buy costly and "impressive" instrumentation 

that, although unquestionably useful in certain types of analyses, has 

fewer applications than does the microscope. 

Consequently, few truly qualified microscopists can be found in the 

nation's crime laboratories. In addition to the reasons stated above, 

other factors have discouraged using the microscope to derive its full 

potential as a forensic analytical tool. One important reason is that it 

is less time-consuming to train scientists to operate many of the sophisticated, 

automated instruments than it is to train them in the relatively complex 

theory and use of the microscope. To become a microscopist, one must also 

understand illumination, optics, filters, specimen preparation, ·optical 

crystallography, and photomicrography. 

Another important reason for the lack of qualified microscopists stems 

from the dramatic increase in laboratory case loads in the 1960s and early 1970s, 
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which resulted from the enormOUS influx Of drug-related cases. (To successfully 

bring charges against a suspected drug offender, the state is required to 

prove that the confiscated materials are contraband, and thus, illegally 

possessed by the suspect.) Although laboratory budgets tended to increase 

during this time, their case loads generally increased faster. Thus, many 

laboratories experienced a net decrease in the ratio of available resources 

to the volume of cases handled, even though their total budgets had increased. 

Accordingly, some laboratory directors became reluctant to allow their pen:on-

nel the time away from the laboratory to attend training courses in microscoPY' 

as well as in other areas of the forensic sciences. 

Those laboratory directo.rs who recognized the need for training in 

microscopy seldom were able to find qualified instructors who could offer 

this training at a reasonable cost. They were forced to rely on in-house, 

on-the-job training, which was often difficult to formalize and usually 

proved to be of less than optimal effectiveness. Furthermore, many laboratories 

lacked adequate facilities to conduct appropriate in-house training courses. 

E. Inadequate Proficiency ~n Analytical Technique~ 

Inadequate proficiency in the analytical techniques of crime laboratory 

personnel was clearly demonstrated by the Forensic Sciences Foundation's 

Laboratory Proficiency Testing Research Program (LEAA Grant Nos. 74NI-99-0048 

and 76NI-99-0091). The project's advisory committee attributed a primary 

cause for this lack of proficiency to shortcomings on the part of examiners 

and recommended that steps be taken immediately to correct the conditions 

responsible for these poor p~rformance levels. Education and training programs 

such as these microscopy workshops are an important means of upgrading the 

analytical skills of forensic examiners. 

The "Proficiency Testing" results highlighted a number of types of evidence 
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where laborqtories. were experiencing di.fficult,y-. Those requiring the proper 

application of ltght mtcroscop.Y' .... --. su.ch as glass, hair, fibers, paint, soils, 

drugs, wood, paper, and fi rearms.· --.-. were among the most prob 1 emati c. 
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CH~PTER Ir. METHODOLOGY 

A. Organization Qf the WQrk~hop Steertng Committee 

Se 1 ection of the project's a.dvisory committee ---. the Workshop Steeri.ng 

CommHtee (WSC)---- was the i.nitial task of the project. The' WSC was responsible 

for overa 11 project gui dance and i nterna'r eva 1 uati on. Dr. l~a Her McCrone, 

the project's principal instructor, and six other persons were invited to 

serve on the advisory commi ttee. The members' of the WSC and thei r profes-

sional affiliations are as follows: 

Harold A. Deadman 
Laboratory 
Federal Bur'eau of Investigation 
Washington, D.C. 

. Peter R.' De Forest 
John Jay College of 

Criminal Justice 
New York, New York 

Bart Epstein 
Minnesota Bureau of 

Criminal Apprehension 
St. Paul, Minnesota 

John I. Thorton 

Dale H. Heideman 
Florida Department of Criminal 

Law Enforcement 
Tallahassee, Florida 

George Ishii 
Western Washington Regional 

Crime Laboratory 
Seattle,Washington 

Walter C. McCrone 
McCrone Research Institute 
Chicago, Illinois 

School of Public Health 
University of California 
Berkeley, California 

The selection committee, comprising project staff, national and regional 

forensic sciences association officials, and the L~AA project monitor, appointed 

WSC members having diverse forensic science occupat-ions and professional 

experience. As noted above, committee membership included two academicians 

who were also involved in private forensic casework, a crime laboratory 

director', a director of training for a statewide laboratory system, and two 

forensic examiners --- one representing a state forensic laboratory system, 

the other, the Federal Bureau of Investigation. 
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All WSC members were engaged in forensic occupations that ~equired 

extensi ve use and comprehensi. ye i..inderstandi.ng of criminal i stics. Most 

members of the committee h.ad expertise in those specialized forensic science 

areas ~-- botanical materials, hair, fibers, soil, glass, safe insulation, 

drugs, dust, pollens, explosives, gunshot residue, paint, and forensic 

chemistry --- which relied substantfally on the proper use of the microscope. 

WSC members also had extensive experience in tr--aining forensic scieritists, 

using student evaluation~ test developmant, and classroom lecturing procedures. 

They therefore possessed the requisite skills and experience to- suggest 

improvements in methods; they could also appreciate the problems that can 

accompany a major training p.rogram. A majority of the steering committee 

members were actively engaged in training forensic scientis~ as a part of 

their daily occupation. Committee members represented and maintained 

liaison with regional forensic sciences associations, including: 

California Association of Criminalists 
Mid-Atlantic Association of Forensic Scientists 
Midwestern Association of Forensic Scientists 
Northwestern·Association of Forensic Scientists 
Northeastern Association of Forensic Scientists 
Southern Association of Forensic Scientists 

As an extension of their advisory function, WSC members were designated 

as site coordinators for workshops held in their regions. Drawing on 

thei r fami 1 i ari ty wi th the regi ons, members were ab 1 eo, to obtain the most 

favorable training facilities in which to hold the workshops, and could 

recommend and coordinate 1 oca 1 travel and lodg'ing arrangements for students 

and instructers. If WSC members were unable to attend the course or 

coordinate the local workshop arrangements, th~y recommended alternate site 

coordinators. in their regions. 
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B. Development of Workshop Curriculum 

Qr. McCrone and the MeRI instructional staff developed the curriculum for 

the Forensic Microscopy Workshops. An outline of the curriculum follows: 

Day 1 

Lecture 

Laboratory 

Lecture 

Laboratory 

Day 2 

Lecture 

Laboratory 

Lecture 

Laboratory 

Day 3 

Lecture 

Laboratory 

Lecture 

Laboratory 

Day 4 

Lecture 

FORENSIC MICROSCOPY WORKSHOP CURR1CULUM 

Int~oduction, brie~ history of forensic microscopy, physical 
optlCS, types of mlcroscopes useful in criminalistics, 
polarizing microscope, illumination, micrometry. 

Familiarization with the polarizing microscope and illumi­
nation, micrometry, study of human hair diameter and scale 
count. 

Crystal morphology: systems, axes, forms, habit, symmetry; 
microchemical reactions. 

Recrystallization from vapor and solution on a microscope 
slide; microchemical tests. 

Refractive index and variation with atomic number, wave­
length and temperature; Polarized light; Crystal Optics I. 

Measurement of refractive indices for isotropic and anti­
sotropic substances. 

Dispersion staining fibers, safe insulation, drugs, ex­
plosives, soil materials. 

Applications of disperSion staining. 

Crystal Optics II, retardation, birefringence, compensators, 
interference figures. 

Study of fibers, birefringence, and sign of elongation: con­
oscopic observations. 

Characterization and identification of small particles 
(biological, mineral, industrial, and combustion products). 

Study of known particles. 

Sampling methods, preparation methods, supplementary methods 
(squoosh test, staining, magnet, density, crystaO'-rolling) 
particle classification. ' 

10 
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Laboratory 

Lecture 

Laboratory 

Lecture 

Identification of unknowns. 

Visual thermal ,analysis, chal"acterization of drugs and 
explosives, pol~morp~ism and composition diagrams. 

Study of explosives and drugs. 

Special methods (phase, fluorescence, SEM, TEM, XRD, EMA, IMA) 
particle fractionation, isolation, manipulation; microminiatur­
ization of tests and measurements; photomicrography. 

General discussion and questions: sources and resources, 
microscopes and accessories, standard methods, pl"oficiency 
tests, etc. 

The WSC modified this general curriculum to meet the needs of each regional 

workshop arId to correspond with the equi pment capabil iti es of the cr-ime 1 abora­

tories in these regions. The WSC reviewed the results of the LEAA/NILECJ Crime 

Laboratory Prof,ciency Testing Research Program to determine the focus of the in­

dividual workshops. Those types of physical evidence that had caused a significant 

degree of difficulty during the proficiency testing were emphasized at the region­

al workshops. 

C. Establishment of Student Eligibility Criteria 

The WSC, in Gonsultation with prtiject staff and regional associ~tion of­

ficials, discussed at length the criteria and objective measurements for 

student eligibility for the workshops. They decided to require minimum 

laboratory and personal qualifications as prerequisites for taking the course. 

1. Laboratory requirements. Every effort was made to ensure that the 

skills learned at the workshops would be incorporated in the working routine of the 

home laboratories. Laboratory directors were asked to certify on the applica-

tion that those personnel selected for the workshops would be allowed 
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sUfficient time at work to prepare workshop readings and assessment exam­

inations. Then, after the workshop, they were to be allowed sufficient 

time to (1) complete follow-up bench tests, (2) incorporate the new techniques 

into laboratory procedures, and '(3) formally communicate their newly learned 

skills'to laboratory co-workers, especially those who were recommended but 

not selected to attend the workshops. The laboratory director also had to 

declare that the equipment necessary for incorporating the training method­

ologies into their laboratory operations weY'e currently available or on order 

in the home 1 abOf'atory. 

2. Student selection criteria. To be selected for the workshops, appli­

cants had to have either a baccalaureate degree in chemistry, physics, biology, 

biochemistry, forensic sCience, or medical technology, or equivalent prepara­

tion. Previous experience in microscopy was recommended but not required. 

Students had to agree to prepare assignments in advance of the training work­

shop, to participate in several classroom examinations and in follow-up, 

blind sample testing after completing the training, and to share their newly 

learned techniques with scientists at their home laboratories. 

O. Student Application Procedures 

A procedure for soliciting student applications was devised by the WSC 

and administered by the Forensic Sciences Foundation (FSF) project staff. 

Infor-mat-; on packages were di stri buted to all crime 1 aboratory directors. 

Those administrators inter~sted 1n enrolling students were instructed to 

submit an application to the FSF for each student. A single application 

was enclosed with the information package; this form was to be duplicated 

if needed for additional students. Also included with the application 
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materials was a cover letter enclosing the course structure, application 

prodedures, tentative workshop schedule, list of supplies furnished by McR!, 

syllabus, laboratory equipment and supply requirements, pre-workshop assessment 

examination, a memorandum from Dr. McCrone, and the names and affiliations of 

the workshop steering committee members. The application is attached in 

Appendix A. 

The possibility existed that some laboratories might enroll several per­

sons in a given workshop early in the application time period which could rapidly 

fill the course to capacity. This set of circumstances was anticipated and dis-

cussed by the ~JSC at their first project advisory meeting. If applications 

were accepted on a first-come first-served basis, examiners from la~oratories 

which required more red tape'to submit applications might be denied admission 

to a workshop due to lack of space. Thus an inequitable situation could arise 

whereby some laboratory directors would be able to enroll several of their 

examiners in a given workshop while others would be unable to train anyone 

from their laboratores. 

In an effort to offer this training to examiners from as many laboratories 

as possible, and to ensure that each laboratory was afforded an equal opportun­

ity to enroll qualified stUdents, the WSC designed a ranking procedure whereby 

directors could assign priorities to each student they desired to enroll. 

Students assigned the highest rank would be admitted to the course before all 

students ranked second, and so forth. In this way, one person from each lab-

oratory was enrolled before additional students from that same laboratory. 

A pre-workshop assessment examination was included with the application 

package. This examination, which each applicant completed, surveyed the 

stUdent's motivation to attend the course and assessed the student's knowledge 
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of specific topics that the instructors considered important for success-

fully completing the workshop. These topics included the student's familiarity 

with chemical nomenclature and the ability to diagram projections of crystals. 

A number of items related to the parameters of the microscope and microscopy. 

The examination served as a guide for the instructors who could then teach 

the course based on the knowledge level of the class. The pre-workshop 

assessment (Appendix B) was used by the instructors for information only and 

did not influence the decision to accept or to reject a student. 

E. Selection of Instructors 

Dr. r1cCrQne and r~r. Palenik served as primary'instructors for the 20 

microscopy workshops. The workshop locations and instructors are listed 

below: 

Workshop Location Instructor 

Orlando, Florida McCrone 

Atlanta, Georgia McCrone 

Raleigh, North Carolina Palenik 

Washington, D.C. McCrone 

Storrs, Connecticut McCrone 

Chicago, Illinois Palenik 

London, Ohio McCrone 

Denver, Colorado McCrone 

Seattle, Washington ~1cCrone 

Chicago, Illinois 
(Advanced Botanicals) 

Palenik 

Chicago, Illinois 
(Advanced So'i1 s) 

McCrone 

Modesto, California Palenik 

Los Angeles, California McGrane 
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. Workshop Location Instructor 

Phoenix, Arizona. McCrone 

Austin, Texas Palenik 

Shreveport, Louisiana McCrone 

Chicago, Illinois Palenik 
(Advanced Botanicals) 

Baltimore, Maryland McCrone 

Chicago, Illinois 
(Advanced Soi 1 s) 

McCrone 

Dr. McCrone taught 11 basic microscopy and 3 advanced soils workshops. 

Mr. Palenik taught 4 basic microscopy and 2 advanced botanicals workshops. 

Two guest instructors--experts in'the subjects of wood and pollen--were utilized 

by Mr. Palenik at the first advanced botanicals workshop. Enthusiastic, positive 

feedback from students and the WSC prompted Mr. Palenik to use a guest instructor 

again at the second botanicals workshop. 

F. Selection of Workshop Sites and Dates 

The instructiollal staff held the workshops in police training academies, 

police headquarters, university classrooms, and motel conference rooms. Site' 

selection was based on the location of applicants in each region and on the 

availability of local laboratory facilities. Workshop space was rented only 

after other efforts to obtain space had been exhausted. 

G. Regional Association's Option to Sponsor Its Own Workshop 

The option to sponsor an individual workshop program was not exercised 

by any of the regional forensic.sciences associations. One regional association 

wanted to hold a less intensive, introductory microscopy workshop, utilizing 

project equipment and supplies, prior to the LEAA sponsored workshop. Student 

et~rollment was insufficient to justify two successive workshops, however, so the 

two "t.nffs of ' instructors combined the regional course with the LEAA sponsored 

workshop. 
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H. Course Structure 

Decisions relating to subject emphasis, equipment and faci"iity require-
I 

, I 
ments, instructional handouts, l~sson plans, and instructional training needs 

were primarily the respons'ibility of McRI, although the \~SC and the project 

staff had substantial input into the final decisions. The forum for many of 

these discussions was the WSC advisory meetings that were held periodically 

during the project. At these meetings, McRI instructional staff presented 

preliminary recommendations relating to the course structure, which then were 

reviewed--and modified if necessary--by the YISC. 

The core curriculum remained constant throughout the series of basic 

workshops. Digressions from or modifications to the basic course outline were 

made by the instructional staff, based on input from the'WSC, site coordinators, 

and students. 

The WSC decided to offer advanced, special-topics workshops to those 

students successfully completing the basi.c microscopy workshop or its equivalent. 

Un'like the basic courses, which were held regionally, the advanced courses were 

conducted at the McCrone Research Institute in Chicago, Illinois. Specific topics 

for the advanced courses were selected by the WSC after reviewing the Crime Laboratory 

Proficiency Research Program results which showed that laboratories were experi­

encing particular pr.oblems in analyzing soils and 'wood - two areas of analysis 

for which microscopy 'is particularly applicable. 

All necessary equipment and supplies for the basic and advanced work­

shops were provided by McRI. A list of these course materials is presented in 

Table 2. Figure 3 depicts these materials ready to be loaded into the work-

shop· van. Specifications describing "ideal" course facilities and space re­

quirements were developed by McRI staff; these requirements could not always 
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TABLE 2 

COURSE MATERIALS 
". 

(Provided By McCrone Research Institute) 

A. Each student and the instructor will have: 

B. 

C. 

1 Olympus POS microscope 
1 Olympus LSD illuminator 
1 Course manual 
1 Set of 100 prepared slides 
1 Dispersion staining objective 
1 Stage micrometer 
1 Set of solvents and Aroclor 1260 
1 Notebook 
1 Set of manipulative tools 
1 Box of slides and coverslips 

Each pair of students will have: 

2 Reagent and sample blocks 
1 Set saturated aqueous solutions 
1 Alcohol lamp 

There will also be: 

1 Closed circuit TV system (Figures 4 and 5). 
1 Public address system and lectern 
1 Carousel slide projector 
1 Set of refractive index liquids 1.3-1.8 
1 Set of high dispersion index liquids 1.5-1.65 
1 Oil immersion objective and bottle of immersion 
2 Quartz wedges 
1 Olympus 35-mm photomicrographic camera 
1 S & M exposure meter 
1 Set of tools 
1 Tiyoda microscope 
1 McArthur microscope 
1 Mettler hotstage 
1 100-fiber reference set 
1 20-s1ide animal sperm set 
8 Cargi1le sets of prepared slides 
1 Library of reference books 
1 Hot plate 
2 Aroc10r 5442 

oil 

Each student may bring his (or his 1aboratory 1 s) polarizing microscope for 
evaluatio~> cleaning, adjustment, and recommended upgrading or replacement. 
McCrone Research Institute will furnish up to 25 complete polarizing micro­
scopes as well as all visual aids and course materials. 
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FIGURE 4 

Closed-Circuit TV Sy-stem 
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be satisfied. Preferable classroom facilities included a separate lecture room 

arranged theatre style with dimensions greater than 6 ,by 10 meters. Figure 6 
I 

shows a typical classroom setting. One square meter of table-top space was 

recommended for each student. To facilitate comfortable viewing with the micro­

scope, and 8-to-10-inch height differential between the studentis seat and the 

table-top was indicated and was accomplished using various improvised methods. 

A classroom or separate lecture room was needed that could be darkened to 

proj ect s 1 i·des . 

Charts, handouts, physical evidence test samples, projection equipment, 

demonstration models, and an assortment of textbooks were supplied at all work­

shops by McRI. These materials, and the microscopes and supplies, were trans-

ported between sited by the McRI staff in the Institute's van, depicted in 

Figure 7. (Examples of the handouts are given in Appendix C). 

I. Administrative Planning 

Administrative planning responsibilities were divided among the FSF and 

McRI staffs and local site coordinators. 

1. FSF administrative duties. The FSF staff members were responsible 

for coordinating workshop publicity and distributing workshop ·applications. 

Using its comprehensive mailing list of crime laboratory directors, the FSF 

staff informed laboratory directors, nationwide, of the training workshops and 

set in motion the workshop application procedures. Crime laboratory directors 

were sent complete information packets containing course descriptions, require-

ments, and applications, and instructions detailing the application procedures. 

Workshop publicity materials were distributed to editors of regional 

forensic science association publications, the LEAA newsletter, and publications 

relating generally to criminal justice and forensic science. LEAA's Selective 

Notification of Information (SNI) distribution system was also utilized to 

distribute workshop announcements, as shown below: 
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FIGURE 7 
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t10RKSHOP VAN 
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U. S. DEPARTMENT OF JUSTICE 
LAW ENFORCEMENT ASSISTANCE ADMINISTRATION 

NATIONAL INSTITUTE OF LAW ENFORCEMENT ANO CRIMINAL JUSTICE, WASHINGTON, OC 20531 ~-----------------------------------------
CRIMINAL JUSTICE ACTIVITY 

ANNOUNCEMENT NCJ- 99117 

FORENSIC MICROSCOPY WORKSHOPS 
The Forensic Sciences Foundation will hold a series of week-long regional forensic microscopy workshops covering 
basic and advanced special topics instruction in the application of microscopy to the examination of various types 
of physical evidence. Onsite instruction will be provided by the McCrone Research Institute of Chicago, Illinois. 
BASIC WORKSHOPS: The tentative schedule is ~orthern and Southern California, January, 1979; Southwest Region and 
Texas, February 1979; Louisiana and Southeast Region, ~arch, 1979; ~id-Atlantic and ~ortheast Regions, ~ay, 1979. 
ADVANCED WORKSHOPS: Two advanced workshops will be held twice in Chicago, IllinoiS, in December, 1978 and April, 
1979 (tentative dates). Workshop 41 will cover wood, pollens, paper, pulp, and plant fibers; Workshop 112 will 
include soils and mineralogy. Applicants must have had a previous course in basic microscopy. A list of minimum 
requirements for applicants and their laboratories is available On request. The $65 fee covers the COSt of the 
workshops; travel and living expenses are additional. For additional information, contact: Ira T. Silvergleit, 
Project Director, Forensic Sciences Foundation, 11400 RockVille Pike, Suite 515, Rockville, ~ 20852. Telephone: 
(301) 770-2723. Thi~ grant is funded by the National Institute of Law Enforcement and Criminal Justice and the Law Enforcement Assistance Administration 

N CJ RS - National Criminal JUstice Reference Service - an international clearinghouse for criminal justice information 
~ U.S. G.P.O.: 1978--260-994/2920 

Student applications were retured to the FSF and were screened initially 

to determine Whether the applicant or laboratory met minimum educational, fee 

payment, director certification, and equipment requirements. The pre-workshop 

assessment examinations were also checked. Applicants then were notified either 

by post card or form letter whether their applications were complete or whether 

further information was required. Copies of the notification documents follow. 

Dear Forensic Scientist: 
Your application is complete for the Forensic Microscopy Workshop scheduled for: 

Site: 
-----------------------------------------------

Address: 
-----------------------------

City: 
---------------------------- State: 

Dates: -----------

---------------------------------------------
You will be notified by the McCron~ Research Institute 

approximately four weeks prior to the workshop concerning your acceptance. 
Please contact 

who is the site coordinator for this workshop if you will 
requite lodging. Tel: 

If you have any questions, please 
Silvergleit, Project Director at FSF: contact Ira T. 

Tel: (301) 770-2723. 
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FORENSIC MICROSCOPY 
WORKSHOP STEERING 

COMMITTEE 

HAROLD A. DEADMAN 
Federal Bureau of Investigation 
Washington, D.C. 

PETER R. DE FOREST 
John Jay College of Criminal 

Justice 
New York, New York 

BARTON P. EPSTEIN 
Minnesota Bureau of C,'lminal 

Apprehension 
SI. Paul, Minnesota 

DALE H. HEIDEMAN 
Florida Department of Criminal 

Law Enforcement 
Tailahassee, Florida 

GEORGE G. ISHii 
Western Washington Regional 

Crime Laboratory 
Seattle, Washington 

WALTER C. McCRONE 
McCrone Research Institute 
Chicago, Illinois 

JOHN I. THORNTON 
University of California 
Berkeley, California 
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JOSEPH l. PETERSON 
Project Supervisor 

IRA T. SILVERGLEIT 
Project Director 

McCRONE RESEARCH 
INSTITUTE 

INSTRUCTIONAL STAFF 

WALTER C. McCRONE 

SKIP PALENIK 

C 

~-----;=~~~--------------------1 - · 
THE FORENSIC SCIENCES FOUNDATION, INC. 
11400 ROCKVILLE PIKE ROCKVILLE, MARYLAND 20852 (301) 770.2723 

DATE: 

TO: Applicant, Forensic Microscopy Workshop 

FROM: Ira T. Silvergleit, Project Director 

SUBJECT: Status of Application 

Thank you for your application for our LEAA sponsored 
forensic microscopy workshops. 

A delay has occurred in the processing of your application 
for the following reason(s). 

__ Part I: ___ missing incomplete 

__ Part II __ missing ___ incomplete 

Pre-workshop Assessment Examination 
_____ missing incomplete 

Please specify below which basic workshop you desire 
--. to apply for: 

Locat i on _________________ _ 
Date ______________________ . ___ _ 

Which advanced Chicago workshop you wish to apply for: 

Advanced I - Wood, Plants - December 1978 
Advanced II - Soils, Mineralogy - December 1978 
Advanced I - Wood, Plants - April 1979 
Advanced II - Soils, Mineralogy - Apr; 1 1979 

Other: 
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Completed applications were filed by workshop number; copies were for­

warded to McRI for further processing. The FSF was also responsible for for­

warding student evaluation forms and information concerning forthcoming advanced 

courses to the workshop sites. 

2. McRI administrative duties. McRI made the final determination of 

student eligibility, based on the evaluation of the laboratory·s equipment and on 

the education and experience of the applicant. The minimum equipment requirements 

are presented in Appendix D. Students who were accepted were notified by McRI 

and were sent a c~urse manual, travel instructions, and reading assignments. 

McRI staff selected the workshop site and the site coordinators; they 

also drove the van containing the microscopes and equipment between workshop 

sites, and set up and dismantled the classroom equipment at each workshop--often 

assisted by the site coordinator and the FSF project director (Figure 8). 

3. Site coordinator duties. Local site coordinators provided liaison 

among the workshop instructors, local site officials, and students. They obtained 

local accomodations, coordinated travel arrangements, and aided McRI staff in 

setting up and dismantling the classroom. Several WSC members were site coordi­

nators for workshops held in their regions. 

J. Evaluation Design 

A workshop evaluation component was built into the project, comprising 

pre- and post-workshop evaluations of students· knowledge, daily quizzes, practical 

examinations, follow-up proficiency testing, and student assessments of the train~ 

ing program. 

1. Pre-assessment workshop examination. The pre-assessment examination
J 

described in D (Appendix B) was used by instructional staff to ascertain the 

level of knowledge of the students. As stated earlier, these scores were not 

used to determine enrollment eligibility, but were compared with scores on the 

final examination. 
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1 k Students were given a quiz most 2. Quizzes and samp e un nowns. 

mornings of the week-long workshop to determine 'whether they were understanding 

the materi a 1 and whether they ~."er.e keepi ng up with thei r readi ng and homework 

assignments. Examples of these quizzes are attac.hed in Appendix E. Quiz 

scores were made available to students as soon as they were graded, often before 

the lunch break. 

Students were given the opportunity to examine samples of unknown materials 

Instructors provided rapid feedback to students con­each day of the workshop. 

cerning their analysis and spent considerable time correcting problems individual 

students had with samples before progressing to subsequent stages of the instruction. 

On the final morning of the class, a sample unknown was distributed for stud~nts 

to analyze. 

3. . t' h ks Dur,'ng the workshop, instructors Microscope illum,na ,on c ec . 

stressed the importance 0 proper f 
"
llumination of microscopic specimens. 

Students were graded peFiorli.ca lly on thei r abil ity to produce hi gh-qual ity 

!. l' d by McRI The instructor K6hler illumination using the light sources supp ,e . 

would sometimes misalignthe lighting at each microscope before students arrived 

for class to test the students' ability to recognize less than optimal. illumination 

and to challenge the students' skills in producing proper illumination. McRI's 
~ 

workshop handout describing how to obtain Kohler illumination is attached as 

Appendix F. 

4. Final written examination. A final written examination (Appendix G) 

was administered to students on the final morning of the workshop. 

5. Follow-up proficiency tests. Several months after completing the 

workshops samples of unknown materials were sent to students to identify. These 

to be completed 
"
n the students' home laboratories using the examinations were 

techniques learned at the microscopy workshops~ 

29 

'I I 

--~~"""'-'l - --.-.--

t 

/ 
\, 

For students compl~ting one of the 15 basic workshops, the test consisted 

of three unknown samples: an organic explosive, an inorganic explosive, and a 

mi~ture of at least three fibers. Accompanying the test was a digest of appli­

cable microscopical background data and methods. To receive a passing grade and 

a workshop certificate, students were required to correct7y identify both ex­

plosives and two fibers after having successfully completed thein-class portion 

of the workshops. In cases of misidentification, students were informed of the 

error, asked to rework the tests, and forward their results to McR!. 

All advanced-workshop students were required to perform at least three 

proficiency tests during the course. Only after successful execu.tion of all 

previous work and tests was a new proficiency test assigned to the student. 

The workshop proficiency test is attached as Appendix H. 

6. Student workshop evaluations. A Forensic Microscopy Workshop 

Evaluation Form requesting information on the quality of the workshops was given 

to students on the final morning of each workshop. Using a 7-point scale, par-

ticipants were asked to rate, anonymously) the overall value of the workshop, how 

well the course met their expectations, whether the course covered the information 

and skills it should have covered and whether they had improved' as forensic micro­

scopists. 

They also evaluated the quality of instruction, whether they would recommend 

this course to other scientists from their laboratories, th= relevance of the 

course to their work, the fairness of grading, and the best liked and least 

liked sections of the cours~. Students were asked to suggest course improve­

ments and to recommend other topics that should be offered in similar workshops 

in the future. This evaluation form is attached as Append'ix L 
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U.S. DEPARTMENT OF JUSTICE 
LAW ENFORCEMENT ASSISTANCE ADMINISTRATION NATIONAL INSTITUTE OF LAW ENFORCEMENT AND CRIMINAL JUSTICE, WASHINGTON, DC 20531 
r;================~--------------------------------------------------~N~C~J_:;99~l~l;7--l ~ 

,.... 
"., ... ..... 

C~IMINAL JUSTICE ACTIVITY 
ANNOUNCEMENT FORENSIC MICROSCOPY WORKSHOPS 

The Forensic Sciences Foundation ~ill hold a.series of week-long regional forensic microscopy workshops covering 
basic and advanced special topics instruction in the application of microscopy to the examination of various types 
of physIcal evidence. Onsite instruction will be provided by the McCrone Research Institute of Chicago, 1:1inois. 
BASIC WORKSHOPS: The tentative schedule is Northern and Southern California, January, 1979; Southwest Reg~on and 
Texas, February 1979; Louisiana and Southeast Region, March, 1979; Mid-Atlantic and Northeast Regions, May, 1979. 
ADVANCED WORKSHOPS: Two advanced workshops will be held twice in Chicago, Illinois, in Qecember, 1978 and April, 
1979 (tentative dates). Workshop #1 will cover wood, pollens, paper, pulp, and plant fibers; Workshop #2 will . 
include soils and mineralogy. Applicants must have had a previous course in basic microscopy. A list of minimum 
requirements for applicants and their laboratories is available on request. The $65 fee covers the cost of the 
work~hops; travel and living expenses are additional. For additional information, contact: Ira T. Silvergleit, 
Project Director, Fo::ensic Sciences Foundation, 11400 Rockville Pike, Suite 515, Rockville, 110 20852. Telephone: 
(301) 770-2723. This grant is funded by the National Institute of Law Enforcement and Criminal Justice and the 
Law Enforcement Assistance Administration -

NCJRS - Nation~1 Criminal Justice Reference Service - an international clearinghouse for criminal justice information ~ U.S. G.P.O.: 1978--260-994/2920 

Student applications were retured to the FSF and were screened initially 

to determine whether the applicant or laboratory met minimum educational, fee 

payment, director certificatio~, and equipment requir'6:~'1lents. The pre-workshop 

assessment examinations were also checked. Applicants then were notified either 

by post card or form lette'i:' whether their appl ications were complete or whether 

further information was required. Copies of the notification documents follow. 

Dear Forensic Scient1st: 
Your application is complete for the Forensic Microscopy 

Workshop scheduled for: 
Site: 

Address: ---------------------------------------------
City: ____________________ _ State :_~--___ _ 
Dates: _____________________________________ ___ 

You will be notified by the t~ccron-e Research Institute 
approximately four weeks prior to the workshop concerning 
your acceptance. 

Please contact 
~--~--~--~~----~~--~~----~~---who is the site coordinator for this workshop if you will 

require lodging. Tel: 
If you have any questi0ns, please contact Ira T. 

Silvergleit, Project Director at FSF: Tel: (301) 770-2723. 
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CHAPTER III RESULTS 

A. Participation 

1. Student enrollment. The LEAA grant enabled the Forensic Sciences 

Foundation and the McCrone Research Institute to conduct 20 forensic microscopy 

workshops that resulted in the training of 357 scientists. The distribution of 

students by work~hop is as follows: 

Number of Students Per Workshop 

Course No. Location No. of Students Cumulative No. of Students 

1 Orlando, FL 20 20 

2 Atlanta, GA 21 41 

3 Ra 1 ei gh, NC 18 59 

4 Rockvi 11 e, MD 15 74 

5 Storrs, CT 23 97 

6 Chicago, IL 19 116 

7 London, OH 16 132 

8 Denver, CO 16 148 

9 Seattle, WA 17 165 

10 Chicago - Botanicals* 11 176 

11 Chicago - So~il s* 11 187 

12 Modesto, CA 24 211 

13 Los Angeles, CA 24 235 

14 Phoenix, AZ 18 253 

15 Austin, TX 18- 271 

16 Sht'eveport, LA 17 288 

17 Chicago - Botanicals* 16 304 

18 Chicago - Soils* 20 324 

19 Sa ltimore, MD 22 346 

20 Chicago - Soils il 357 

*Denctes Advanced Workshop 
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This project exceeded by 57 (19%) its stated goal of training 300 scientists 

(Figure 9). The size of the workshops ranged from a maximum of 24 to a minimum 

of 11. The mean number of students per class was 17. 

College and university instructors were encouraged to apply for special 

scholarships to attend the microscopy workshops. This served two purposes: 

academic instructors in the forensic sciences, especially those who had not 

studied microscopy previously, were afforded an opportunity to learn necessary 

skills, and professors had the chance to exchange information informally with 

those scientists working in crime laboratores on a daily basis. 

2. Laboratory participation. One hundred seventy-seven crime laboratories 

sent at least one examiner to one of the training workshops. An average of 9 

laboratories per workshop were'represented during the 20 classes. The distribution 

of laboratories by state follows: 

LABORATORY PARTICIPATION 

BY STATE 

Alabama - 9 
Arkansas -1 
Arizona - 5 
California - 37 
Colorado - 4 
Connecticut - 3 
District of Columbia - 1* 
Flori da - 10 
Georgia - 8 
Guam - 1 
Idaho - 2 
III inoi s - 8 
Indiana - 2 
Kentucky - 1 
Louisiana - 6 
Maine - 2 
Maryland - 5 
Minnesota - 1 
Mississippi - 1 
Mi ssouri - 4 

* Federal Bureau of Investigation 
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Montana -1 
Nevada - 1 
New Jersey - 3 
New Mexico - 1 
NevI York - 10 
North Carolina - 3 
Ohio - 8 
Oklahoma - 2 
Oregon - 2 
Penr.sy1vania - 7 
South Carolina - 1 
South Dakota - 1 
Tennessee - 2 
Texas - 12 
Virginia - 5 
Washington - 2 
West Virginia 1 
ltJisconsin - 1 
Wyoming - 2 
Taiwan - 1 
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FIGU~E 9 

STUDENT ATTENDANCE 

(CUMULATIVE) 
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WORKSHOP NUMBER 
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B. Follow-Up Proficiency Tests 

Of the 288 students who participated in the basic workshops, 53.5% (154) 

reported their results to McRI. 2.5% (7) indicated that they did not have access 

to a suitable microscope with wh"1r:h '~o complete the proficiency tests. 44% (127) 

failed to respond either to the initial mailing of the tests or to a follow-up 

letter. This ~Qmmunication did encourage 12 additional participants to complete 

the testing program. 

Only one student failed all three parts of the proficiency test. Most students 

who did not pass incorrectly identified only one of the three sampJ.e unknowns. 

98 students (64% of those responding) completed their tests sati~factorily and 

55 students (35%) were in various stages of retesting. (See To.ble la, Page 36). 

To date no student has failed the retest. Samples of some of the retesting 

letters are attached as Appendix K. 

All students who completed the advanced courses passed the proficiency 

tests administered during th! workshops and received certificates. In some cases, 

students were asked to rework proficiency samples as part of the course until 

the instructors were satisfied with their performance. 

Considering both the basic and advanced workshops, 75% (167) of the 223 

participating students have successfully ~ompleted their proficiency tests. 

Some students indicated their proficiency results submitted to McRI were 

based on incomplete testing, due to a lack of equipment (6 students) and/or 

materials (11 students), such as refractive index liquids, chemicals or stan­

dards. The special sets of standard reference slides manufactured as part of 

this project by McRI and mailed to each participating laboratory is expected 

to aid students who have yet to complete their retests. 
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Number of 
Workshop Students 

1 20 

2 21 
" 18 3 

4 15 

5 23 

6 19 

7 16 

8 16 

9 17 

12 24 

13 24 

w 14 18 
0'1 

15 18 

16 17 

19 ..-2L 

288 
TOTALS: 

.-\ 
.-..... _._ ... -.-

Number of 
Test Results 

Returned 

7 
14 
3 

3 

7 

::5 
14 
7 
9 

15 
12 
11 

12 
9 

-1L 

154 
(53.5%) 

Number Number 
Can't Do No Passed No. Being 
Equipment Test Retested 

6 0 

10 4 

3 2 1 
2 1 

2 2 5 
. 6 9 

11 3 
2 5 
7 2 

11 4 
7 5 
9 2 

1 7 5 

5 4 
_11_ _5_ ---

7 98 55 
(2.5%) (64%) (35%) 

TABLE 10 PROFICIENCY TEST RESULTS 
(BASIC ~JORKSHOPS) 

Inorganic 
Explosives 

Right Wrong 

6 
10 4 
2 1 
3 0 
2 5 
9 6 

13 1 
2 5 

8 1 

13 2 
9 3 

11 0 
8 4 
8 1 

11 5 

115 39 
(25%) 

" 

_~, ...... __ .~ , ........ _......,.~-::M.""'-""~'t."'.w.~ ..... , 

. ;) 

Organic Fibers 
Explosives Identified 

Right Wrong 0 1 2 3 

6 1 0 5 
14 0 0 0 7 7 

3 0 0 l ) 1 

2 1 0 0 1 2 

7 0 0 2 3 2 

13 2 1 4 2 8 

12 2 0 0 5 9 

6 1 0 1 4 2 

,8 0 2 6 

15 0 0 3 3 9 

11 1 0 3 7 2 

11 0 0 2 3 ~ 

12 0 0 2 6 4 

8 1 0 3 5 1 

14 2 0 1 8 7 
--

]42 12 1 24 58 71 
(8%) (16%)( 38%)( 46%) 
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MCCRONE RESEARCH INSTITUTE 

2508 SOUTH MICHIGAN AVENUE 
CHICAGO, ILLINOIS 60616 USA 

TELEPHONE 312/842-7105 

Dear Student: 

A NOT-FOR-PROFIT CORPORATION 

TEACHING: 
MICROSCOPY 
CRYSTALLOGRAPHY 
ULTRAMICROANALYSIS 

17 S~ptember 1979 

You were sent a proficiency exam on explosives and fi'bers a few 
months ago and as yet we have no response from you. If you sent 
your results in please send us a duplicate. If you haven't returned 
your results please remember the rules say we cannot ~end you a 
certificate, If you need more samples or have any otner problems 
with the unknowns please let me know. 

Yours sillcerely, 

JB :cdb 
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rr.e inorgan'ic explosives presented greater difficulty than the organic 
'. 

explosives (25% versus 8% incorrect answers). The numbers of students who 

correctly identified the types of fibers varied: 16% of the students correctly 

identified one fiber; 38% identified two fibers and 46% identified all three. 

Some students identified up to six fibers, of which three were present as contam­

ina~ts. Other students incorrectly assumed that their unknown sample would con­

tain one type of fiber only. 

C. Student Evaluations 

Course evaluations were collected at the close of 19 of the 20 workshops. 

The only exception to this practice was in the first course held in Orlando, 

Florida. The FSF staff distributed follow~up evaluations through the mail to 

the Orlando workshop participants. Students who attended the Shreveport work-

shop also were sent evaluation forms, because their original evaluations were 

lost. Seven students from the Orlando workshop and 9 from the Shreveport work­

shop returned their evaluations by mail. The number of evaluations turned in by 

stUdents per workshop ranged from 3 to 23. Results from wOl~kshops with a low 

return rate should be interpreted with caution. The number of evaluations re­

turned per workshop is shown below: 

Orlando 7 Soil s I 3 
Atlanta 15 Modesto 23 
Ra1eight 6 Los Angeles 23 
Rockvi 11 e 14 Phoenix 17 
Storrs 18 Austin 17 
Chicago 17 Shreveport 9 
London 15 Botanicals II 16 
Denver 14 Soi 1 s II 20 
Seattle 12 Baltimore 20 
Botanicals I 11 Soils III ,,, 

,v 

Thus, a total of 287 student evaluations were analyzed. The mean number of 
evaluations returned per workshop was 14.4. 
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A standard 7-point response scale ranging from low or poor (1 through 3), 

to neutral (4), to good or positive (5 through 7) ratings was used on the student­

evaluation instrument. Thus, the highest possible rating was 7, and any rating 

above neutral (4) indicated a positive response. 

1. OVerall value of the course. The average rating by students of the over­

all value of the workshops was 6.0, ranging from 4.7 to 6.8 for individual work­

shops. The average rating for the advanced, special-topic (soils and botanicals) 

workshops was 6.1 out of a possible 7. 

2. Student expectations. The degree of correspondence between the students' 

expectations of the workshops before their attendance and their actual experience , 

was rated at 5.5. Identical average ratings resulted when the basic and advanced 

courses were analyzed separately. 

3. Gourse-COntent. Students were asked to rate how successfully the course 

covered the information and skills they believed it should cover. The average 

rating for all workshops, and for the basic and advanced courses analyzed separately 

was 5.6. 

4. Student confidence. This item assessed the degree to which students be­

lieved the workshop they attended resulted in a positive or negative change in 

their skills as forensic microscopists. An overall self-perception of improve­

ment is evident from the 5.6 average rating of improved confidence for the com­

bined workshops. For the advanced workshops alone, the degree of improvement in 

students' self-perceptions as forensic microscopists was 5.8. These ratings are 

related to the students' perception of their own skills and level of sophistication 

before taking the course--the higher the initial skill level, the less room for 

improvement. 
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5. Quality of instruction. The teaching ability of the instructional staff 

was rated 6.4 out of a possible 7 for the 20 workshops. 

6 .. Skill level of the instructional staff. The participants' average 

rating of the instructors' skills as microscopists was 6.9. In 13 out of 20 

classes, all students in the workshop awarded a 7, the highest rating to the in-

structor. 

7. Instructors knowledge of forensic microscopy. The overall rating by 

participants of the instructo~s' knowledge of forensic microscopy was 6.8. 

Ratings in the basic workshops were slightly higher at. 6.9; the lowest rating 

in any of-the 20 courses was 6.2. In 6 of the workshops, all the students rated 

the instructors' knowledge of forensic microscopy at 7. 

8. Student recommendatio~s. Of the workshops' participants, 98.2% in­

dicated that they would recommend these courses to others from their home labora­

tories. In only 2 of the 20 workshops did a respondent indicate that he or she 

would not be willing to recommend the workshop to a colleague. 

9. Usefulness of workshops. On the average, students felt that they would 

utilize almost 60% of the skills and techniques taught during the workshops when 

they returned to their horne laboratories. Independent analyses of t~e basic and 

advanced workshops showed that almost 55% of the skills learned in the basic work­

shops and almost 73% in the advanced workshop would be used by the students re­

turning to their home laboratories. 

10. Micr~scopy skill enhancement. Participants perceived that their micro­

scopy skills had improved by at least an average of 56.2% as a result of the 

training workshops.* Again, it must be noted that these ratings are based on the 

students' perception of their own skill levels at the start and at the end of 

the course. 

*Those responses in excess of 100% were disregarded so that_th~ avera~e would not 
be unduly influenced by a few extreme responses. Although 1t 1S poss1bl~ for 
student to improve five-fold (i.e., a response of 500%), the auth~rs dec1ded to 
ignore such responses. Thus, the percentages quoted ma~ be percelved as unduly 
"conservative" in relation to the actual responses recelVed. 
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11. Grading. In response to a question concerning the fairness of the 

grading at the workshops, 99.3% of the respondents indicated the grading was fair. 

12. Student comments. Students were asked what they liked most and least 

about the workshops, and how the courses might be improved in the future. Respon­

ses focused upon the coursework, training facilities and accommodations, although 

there were comments upon most other aspects of the project. Responses indicated 

tha+ many students recognized and approved of the practicality built into the 

workshops--including components of the lectures and labor.atory exercises. The 

instructional staff was commended for its high level of knowledge, enthusiasm, and 

dedication. Students also commented favorably on the teachers' being available 

to participants from the early hours of the morning to late in the evening, well 

beyond the posted workshop hours. 

Student criticism focused mainly on the amount of material covered during 

the one-week workshop. "Too much material in too little time" was a theme re­

peated in many responses. Some respondents also stated that the course was "rushed" 

or proceeded "too fast," Itlhile others were unhappy about the long hours of study 

required ifone were to keep up. Some felt that the teaching staff placed too 

much emphasis on theoretical material. 

Most su,ggestions for improving tfle workshops were derived from the negative re­

sponses listed above. The most frequent suggestion was that the workshop be 

1 engthened; a two-vleek course bei ng suggested most often. Other proposals called 

for a reduction in the amount of material to be covered or for the instructor to 

proceed at a slower pace. Another frequently voiced suggestion called for the ad­

vanced reading material to be distributed to students at least two weeks before the 

workshop is scheduled to begin. 

" 
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General comments touched upon many other aspects of the program. They 

ranged from statements of appreciation from students who ~ere grateful for having 

had the opportunity to study under Dr. McCrone or Mr. Palenik to the comments of 

one student who lamented that the course was the most intense instruction he had 
experienced since "SWAP training. 

13. Additional topic suggestions. 
Participani's suggested a . t f 

v var1e y 0 topics 
for future training workshops. Those t . d b 

OP1CS propose y at least ten persons and 
the frequency each was mentioned are: 

Topic 

Fibers 
Hair 
Soi 1 siMi ne ra logy 
Paint 
Drugs 

Frequency 

63 
54 
44 
36 
33' 

Topic Frequency 

Explosives 25 
Plant Materials 22 
Glass 18 
Microchemical tests 16 
\~ood 13 
Serology 13 

A complete tabulation of proposed topics is included as Appendix l. 

D. Instructor, Site Coordi nator, WSC Eva 1 uati ons 

The evaluations by workshop principals were valuable in obtaining candid 

assessments of administrative and instructional components of the workshops by 

those most closely involved in the course planning. Problems occurring at each 

workshop were nott;!d on the evaluation form, a'iong with the steps taken to remedy 
them. 

This infor'mation was than used to avoid similar problems at future work-
shops. 

• 

• 
• 

• 

A sample of the comments are as follows: 

Site coo~dinator.duties should be limited to local 
and not 1nclude 1nstruction at the workshDpS. 

Workshop hours should be extended to 8AM _ 5 PM . 

arrangements 

Pr?ject.staf~ ~hould require workshop reservations to be re­
ce1ved 1n wr1t1ng from laboratory directors. 

Textbooks should be forwarded to participants at least 2 
weeks prior to the wor' ;hops. 
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• 

• 

• 

• 

Some site coord5nators had furnished materials (slides, 
coverslips, lab alcohol, tissues, etc.) from their lab­
oratories to the workshops when supplies ran low. 

The instructors on occasion gave individual after-hours. 
instruction to those students who were forced to miss a 
day of instruction due to court appearances. 

It is important to hold workshops away from students' home 
laboratories to minimize distractions and interruptions and 
maximize concentration. Nevertheless, transportation and 
lodging costs do mitigate against this practice. 

Lodging accommodations should ~e in close proximity to the 
teaching facility so as to encourage students to return to 
the laboratory after normal workshop hours. 

E. Examinations and Grades 

A typical basic-level workshop included 4 quizzes, (on Tuesday, Wednesday, 

Thursday, and Friday mornings), 3 microscope illumination evaluations (on Monday, 

Wednesday, and Thursday mornings), a morphology quiz and a written final examin-

ation. Occasionally, all examination consisting of unknowns was administered on 

Friday mornings. Numerical averages were computed and converted into letter 

grades (A through F). Students were then ranked according to their performance in 

the workshop. Since each instructor used a different evaluation technique and 

grading criteria varied across workshops, no effort is made in this report to 

compare grades among workshops. 

F. Standard Reference Microscope Slide Sets 

One set of standard reference microscope slides was issued to each laboratory 

that sent a student to the workshop. The instructional staff selected ten 

'categories of trace evidence and }J,'l::!pared 6 to 8 types of substances in each 

evidence category. Sets of approximately 80 slides, distributed to each of the 

over 180 laboratories participating in the program, necessitated the preparation 

of more than 15,000 slides. 
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G. Workshop Certificates 
j 

After successfully completing the workshops and follow-up 
blind sample tests 

and course evaluations, the student was issued a certificate of completion. Sample 

certificates for the basic and advanced workshops 
are presented in Appendix M. 

H. Monograph 

The project has produced a h monograp entitled "A Summary of the State of - ~ 

the Art of Forensic Micrscopy." 
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CHAPTER IV. FUTURE WORKSHOPS MODEL 

Efforts to upgrade the ql:lality of work in the nation's crime laboratories 

must be continued. The training administered through the NILECJ-sponsored 

Forensic Micrscopy Workshops is a significant initial effort to bring severely 

needed instruction to laboratory examiner~ in only one aspect of the forensic 

sciences. Training in the proper utilization of the microscope should be but 

often is not a key element of the forensic scientists's training. A one-week in-

tensive course of basic instruction offers only a superficidl l,ook at many of the 

d of cr,'ml'nal,'st,'cs where the use of the microscope is essential. specialize areas 

The Forensic Microscopy Workshops project staff and steering committee 

believe that the project has developed a mechanism for the successful presen­

tation of nationwide training programs that can serve as a model for future 

nationwide training efforts. Modifications of this "future workshops model" will 

likely be required for subsequent training programs, but the basic model can serve 

as a basis for planning and administrative efforts and thus avoid "rediscovering 

the wheel," Also, many of the problems encountered and resolved during these 

workshops ca,n be avoided in future training ventures. The model is also app,i-

cable with alterations to local and regional training programs. 

A, Conceptualizing the Workshop 

1. Choosing the workshop topic. Training programs should be designed to 

respond to deficiencies in training. The timing and the context in which the 

training is to take place and the scope of the sponsoring organization's re­

sponsibilities in most instances will determiY\e the method through which train-

'f' d Ev,'denc'e of the n,eed for training may result from ing needs will be identl le . 

an assessment or testing program, from the input of participants at previously 

45 

_-------------___ :0"-''''''''1 
--=...,----~ -.----

I 
.1 

{ 
i 

I
,j 
j 

tl 

1
1 
1 

11 
j' 

) 

II 
~O 

conducted training sessions or conferences, or from surveys or informal inquiries. 

Workshop topics may then;be selected, with consideration given to the need for a 

general or specific course, scope of coverage, and subject emphasis. Factors that 

must be considered during this phase of planning include the severity of the need 

for training, the subject matter of the topic, the time available to conduct the 

course, and the appeal to potenti~l students and their superviscrs of the subject. 

Administrative problems, such as students securing permission from directors of 

laboratories who must approve attendance by the staff at such workshops, and the 

possibility that other organizations might be planning to offer similar training 

must also be considered. 

2. Selection of instructional staff. Perhaps no decision is of greater 

importance to the success or failure of a training program than the choice of 

instructional staff, Besides selecting for overall co~petence, weight should 

be placed on the teachinJ skills and reputation of the instructor. Too often, 

workshops have failed because instructors, although knowledgeable in a subject 

area, are poor teachers and cannot communicate effectively with students. 

The instructor must be willing to cover the topic at the intellectual level 

of the students. An instructor can overestimate or underestimate the level of 

sophistication and comprehension of students, In either situation, the training 

will not be effective, and students might become totally alienated by the end of 

the session. 

A key decision is whether to use an academician or practitioner as the 

workshop's principal instructor. A1though considerable searching may be re­

quired to find ther person who embodies the best characteristics of both, there 

are persons who possess such backgrounds and every effort should be made to 
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attract them. An alternative might be to employ a "co-instructional or tea.m 

teaching" concept using two or more instructors, or to use adjunct lecturers 

for specific topic areas. Some pitfalls to this apprach, however, include profes­

sional jealousy, adherence to competing methodologies, and personality conflicts 

between or among the instructors. 

3. Utilizing an advisory board. A training advisory board distinct from 

the instructional staff can serve a valuable function and generally should be 

encouraged, depending on the scope of the program and available funding. Existing 

groups such as the education committee of a regional forensic science association 

or a panel of laboratory directors or supervisors could make up the board. The 

advisory panel should be selected carefully, using the following criteria: 

e 

• 
• 
• 
• 

Knowledge of subject'and training procedures. 

Professional affiliations 

Geographical diversity 

Agency distribution (state, local, and federal agencies). 

Job classification (bench versus mana9~ment status). 

If an advisory board is used, it should be invoL-.:d in all phaser,; rf the 

workshop planning and administration. Panel members can offer valuable insights 

to the project staff, providing information that would not be routinely considered 

by persons not involved in the daily wark of a laboratory or educational institutions. 

Ideally the commlttee should be given the opportunity to meet with administrative 

and instructional staff at least once before and once during the project and, if 

possible, once again toward the end of the program to discuss future training 

recommendations. 

4. Determining class size and length. In most cases, a limit must be 

placed on student enrollment, which will usually necessitate the development 
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of rules to.govern who will be selected to attend the workshop. The size of the 

class will depend on many factors, including: 

• 
• 
• 

Equipment availability. 

Number of instructors. 

Capacity of training facility. 

For courses with a single instructor, 15 students should be considered a 

"rule-of-thumb" upper limit. It is advantageous to select students for a work­

shop who's backgrounds are similar in education, training, and experience. This 

enables the instructor to tailor the course to more closely fit the needs, capa­

bilities and interests of the students. 

When overenro11ment in the workshops in anticipated, it might be preferable 

to allow only one participant per laboratory into the course before additional 

persons from that laboratory are accepted. Laboratory directors who wish to en­

roll more than one student can be requested to rank students in order of preference. 

Class length depends on a number of factors, including the subject to be 

covered and the cost of tuition, per diem, and travel. Most laboratories can­

not afford to be wHhout examiners for more than two weeks, so two weeks is 

the practical maximum length for a workshop. 

B. Designing the Workshops 

1. Selecting the course title. Once the workshops have been conceptualized, 

the next phase of the administrative process involves the "nuts and bolts" of 

course planning. Many decisions face the administrator, starting with the selec­

tion of a suitable workshop title. Although the title designation may seem un­

important, admi-nistrative and political decisions regarding student participation 

can be influenced by it. For instance, if, a workshop is designated a "basic" 

course, administrators may have difficulty justifying participation by a worker 

with experience in that field reganiless of how badly the tr~ining is needed. 
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Using such terms as "remedial" is also ill·advJsed because of their negative 

implications. On the other hand use of the term "advanced" in a workshop title 

may tend to discourage. some persons from taking the course. Obtaining permission 

to enroll ina course may be eas i er for a "Iorker ina crime 1 abora tory when the 

title includes terms such as "forensic," "laboratory," and other terms relating 

to the laboratory or agency goal rather than a more general title. IIForensic 

Microscopy for Laboratory Personnel ll may thus attract greater participation 

than a workshop entitled simply "r1icroscopy.1I Course titles and syllabi should 

be flexible enough for the instructor to modify the workshop if necessary. 

2. Choosing a site. Site selection does not present a serious problem, 

as long as a few basic considerations are gjven serious thought. Sites should 

be selected to best accommodate the majority of the attendees. Site selection 

criteria should consider air and ground transportation connections and the cost 

and proximity of lodging and food services. Police academy training facilites 

and university classroom and dormitory space should be considered. Setting up 

classrooms in laboratory buildings is a second possibility. Hotel or motel 

meeting sites might be acceptable except for laboratory courses that might re­

quire special equipment or capabilites. Infrequently, other considerations 

might influence the choice of a workshop site. For instance,.some juris­

dictions prohibit student~: from attending training workshops or meetings held 

in states that have not ratified the Equal Rights Amendment. Some locations 

have seasonal fluctuations in accommodation availability, with "off-season ll 

and IItourist-season ll rates. Vacation periods at:i.colleges and univers·jties 

offer opportunities to obtain meeting rooms and lodging free or at very reason­

able rates. 

3. Tuition. Tuition levels will depend on the planner's estimate of 

workshop expenses. When calculating the tuition, a moderate tuition discount 
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for early registration or fee payment should be considered. If the sponsoring 

agency computes the time and cost involved in billing students for tuition, 

the cost advantages of offering the discount for early fee payment with reg's­

tration becomes evident. Even when government funds are available to offset work­

shop costs,the student or his or her agency should be charued a small fee, be­

cause this tends to increase a student's motivation to learn and discourages 

agencies from using workshops simply as vacations or rewards for employees. 

Either partial or f~ll scholarships for deserving students and educators 

should be encouraged, especially for those who are enrolled in or teach in graduate 

programs. Training received by students while still in school probably produces 

better results than trainin'g received later in their careers. Good study habits 

are still practiced and improper work habits have not had sufficient time to develop. 

Educators who attend workshops that are prim~rily designed for practitioners have 

the chance to improve their skills or learn new techniques while enjoying per-

sonal contact with those who work in the field on a daily basis. However, scholar­

ship participants should not exceed 10% of the class enrollment; in situations 

where displacement of a paying student is likely, casp-by-case considerations 

and decisions are warranted. 

4. Using local site coordinators. Employing a local site coordinator is 

advisable in situations where the administrative and educational staff are not 

familiar with the facilities or locality. Site coordinators know the best 

training facilities, can occasionally obtain cheaper lodging rates than out­

siders can, and are best able to recommend restaurants, transportation, and 

recreational services. They can often procure equipment, supplies, and re­

placement materials on short notice if needed. Using local site coordinators 

frees the instructional staff from administi"ative responsibil ities so that they 
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c can spend most of their time teaching. Site coordinators often volunteer their 

services; 0hen t~ey do not, they should be paid or tuition should be waived. 

f 'l't S~bJ'ect matter and 5. Minimum requirements for students and aCl 1 y. 

format will dictate the classroom design and requ1remen . . ts Advance arrangements 

",.!;ri,'O-vl·sual materials and other display equipment. must usually be made for v~_ 

Laboratory courses usunny will require high seats 

one square meter of table-top space per student. 

or stools and approximately 

The nature of the wor s op w, , k h '11 determine the criteria for student eligi-

bil ity. Education, experience, and areas of specialization should be considered. 

Some workshops also might establish minimum requirements for applicant labor-

. t that the laboratory have certain essential atories, for example, a requlremen 

orde r. By specif.ying such-~inimum equipment, the chances equipment on hand or on 

are enhanced that techniques learned at a workshop will be used by the student 

It is also useful to ask when he or she returns to the home laboratory. 

laboratory directors to certify before an, w 0 W1 h d h '" pay the tuition (student 

or agency) and to assure that the student will be allowed time before the 

course to prepare for the workshop an on d returning, will be allowed to use 

' - t' h on the content of the course, an the newly l.earned skills, to bner 0 .ers d to ' 

complete any follow-up examinations. 

Student enrollment. Moderate overbooking of students is advisable in 6. 

order to meet course enrollment goals. Court appearances, personal problems, 

"
nev1'tabley result in somecancellatioffiat the last moment. and the like will 

When possible, the use of a "list of alternates II is recommended, with these in-

d ~I-II a-dvance that they might be called to attend the workshop on dividuals informe 

short notice. 
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The issue of enrolling personnel who are not full-time crime laboratory 

practitioners might require action by the planning staff. In general, this 

practice must be judged on a case-by-case basis, but some suggested guidelines 

can be offered. If the course is geared to personnel from law enforcement 

agencies or is supported by government funds or both, displacement of law en­

forcement laboratory personnel should be discouraged. However, if room permits, 

stUdents, educators and private-laboratory examiners should be permitted to attend 

the workshops. In many instances, the presence of personnel not affiliated with 

law enforcement agencies will enhance the flow of opinions to the advantage of 

all participants. It is also recommended that, in applicable situations, ad­

ministrative and supervisory personnel be invited to attend the general intro­

ductory workshop lectures to foster better understanding between bench and ad­

ministrative staffs and to bring administrators up to date on new techniques, 

Advisury board members should also be encouraged to attend at least a portion of 

the workshops. Generally students should be discouraged from auditing or sit-

ting in on training workshops where they do not take examinations dnd participate 
in laboratory exercises. 

C. Advertising the Workshop 

The direct mailing of workshop announcements to potential participants is 

the method of choice for a successful workshop advertising campaign. Sources 

of mailing lists might include regional forensic science associations, the 

American Academy of .Forensic SCiences, and professional journal and newsletter 

subscription listings. The second choice is the direct mailing of announce­

ments to laboratory director's such as those belonging to the American SOCiety 

of Crime Laboratory Director's (ASCLO). 

A problem that might arise when using these lists is often the advertising sent 

to the laboratory director or administrator does not reach the potential, bench­

level participant. This problem might be avoided by addressing the brochure to 
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the Training Director or to the appropriate job classification designation, such 

as "Forensic Serologist" or "Document Examiner," in care of the laboratory. 

Another solution involves using multiple listings in professional newsletters, 

journals, or regional association mailings. The more intense the advertising 

saturation, the greater the potential enrollment.. Advertising in other criminal 

justice publicatin~5 such as newsletters published by NIJ, OEA, and ,private 

companies, in FBI bulletins and in the National Criminal Justice Reference 

Service1s Selective Notification of Information Service (SNI) should be explored. 

Lead times for various publications vary up to six months before the announce­

ment is to appear so early planning ;s recommended. Getting the announcement to 

the editor as early as possible, even if exact dates and costs are not yet de­

termined, is highly recommended. Many participants require between three month~ 
and six months to obtain permission to attend conferences or workshops. 

D. Registration Forms 
Tear-off brochures with the application attached to the announcement are 

suggested. Self-addressed post cards can also be used. Pl~nners should see that 

all relevant information is included on the registration form, including the 

student1s name, agency, address, telephone, job title, supervisor1s name and 

title, education, years of experience, forensic science specialty area, previous 

training, choice of course, time, date, fee payment procedure, discount option, 

lodging request, director1s priority certification and billing address. It should 

be clearly stated where and to whom the form should be mailed. One application 

form, with instructions to duplicate it for othet' registt'ants, is usually sufficient. 

If announcements are mai1ed far in advance of a scheduled workshop or series 

of workshops, reminder notices should be sent to students shortly befol'e the 

workshop begins. 
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E. Processing Applications 

As the registration forms are 'd rece1Ve , they should be ente.red on a master 

data sheet that contains suff' . t' f lC1en ln ormation to determine the status of any 

application at any time. The master data sheet should contain the title of 

the workshop, date, site, and instructor. A l' pp lcants should be entered in the 

order that applications are received, noting the date, the applicant1s name, 

agency, state, and directorls ranking des,·gnat,'on. Add't' 1 , 10na columns should 

contain information regarding application submission, fee payment, equipment 

on hand, educational degree of the applicant, date that the application was 

received, acceptance, lodging requi~.ements, d eposit, billing, discount, and 

the like. 

Although reservations can be accepted by telephone, applicants should be 

informed that they must submit written applications by a specified date. 

When an application is received, it should be acknowledged promptly in writing, 

lS comp ete or a form letter for using a post card stating that the applicatl'on . 1 

applications that are incomplete that provides a check-off list' for information 

needed to complete the registration. Prompt notification of acceptance increases 

the likelihood that agency clearance can be obta,'ned, t ravel arranged i and court 

appearances rescheduled so that the applicant will be able to attend the work­

shop as planned. Applic t h an s w 0 are rejected should also be notified promptly. 

Cancellations are inevitable, espec1'ally b th Y ose forensic scientists who 

are called on routinely to testify in court. However, workshop administrators may 

decide to levy a moderate penalty if cancellatl'ons are received less than one 

week before the workshop is scheduled. Usually a nonrefundable processing fee is 

s , u 10n 0 applicants by laboratory. administrators included, in the tuition. Sub t't t' f 

is acceptable if the substitute submits a~ application and meets all admission 

requirements. 
" 
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F. Conducting the Workshops 

So that students can arrive at the workshop prepared, reading and study 

materials should be sent'to them approximately three weeks before the workshop 

begins. To increase their motivation to review these materials, students should 

be told that there will be an examination on the reading assignments on the first 

day of class .. 

Most workshops benefit from the use of audio-visual displays and handouts that 

are well conceived and designed. Many training facilities offer the audio-visual 

materials without charge or for a modest rental fee, but workshop planners cannot 

assume that this equipment will be available without making advance arrangements. 

Other aids, sometimes overlooked by planners, include a pointer, slide trays, 

overhead projector, microphone~ projection screen, blackboard, flip chart, receipt 

book, name tags, marking pens, tape recorder, and tapes. 

Standard hours for a workshop session are from gAM to 5PM. If the logistics 

permit, 8 AM starting times should be encouraged. It;s advisable to end classes 

slightly earlier on the final day so that students can make airport connections 

and hotel check-out times. 

Some workshop facilities are accessible in the evenings--an option that should 

be considered when choosing a training site. Although evening sessions for students 

should remain optional, we highly recommended them for participants who require 

additional private instructiun, or who wish to pursue a topic in greater depth 

than class time permits. The pte-workshop promotional literature should indicate 

whether evening sessions wi 11 be available. 

G. Evaluation Procedures and Issuance of Certificates 

Evaluation procec.:ures may be divided into three types: those designed to 

monitor stUd~l.t performance, those relating to student satisfaction and comments, 

and those ascertaining the opinions of the staff and instructors. 
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The evaluation of student performance is primari.ly the respons.ibi.li.ty of the 

instructional s·taff. Evaluation procedures can include quizzes, laboratory 

exercises, a final examination and the like. In courses designed to develop 

practical laboratory skills, follow-up prof.iciency tests should be administered 

after students return to their home laboratories. Both students and directors 

should know about these tests before the workshop begins, and a commitment allow­

ing the use of laboratory equipment and time should be certified by the director 

at the time of registration. 

At the completion of tile workshop, students and faculty should be given the 

opportunity to express their opinions about the course. The use of a simple anon­

ymous questionnaire is a practical means of collecting this feedback. The 

questionnaire might include i~ems th~t utilize rating scales of student satis­

faction, the degree to which the course met their needs, the usefulness of the 

course, and grading and evaluation procedures. Other items could ascertain 

whether the student would recommend the course, the best~and least-liked parts 

and suggestions for other topics for future workshops, and rating of the in­

structional staff. Space should be provided for additional comments. The com­

pleted surveys should be collected and tabulated by s'omeone els.e besides the 

instructor if possible .. The instructional staff should get a copy of the.' evalu­

ation results. Most important, the need for confidentiality and security of all 

evaluation procedures should be stressed to both administrative and instructional 

staff. 

Certificates should be awarded to those students who successfully complete 

all phases of the workshop. When follow-up proficiency tes.ts are administered~ 

certificates should be awarded only after the student submits and passes this. 

portion of the training program. Certificates should state the name of the 

student, date, instructor, sponsoring agency, location of the workshop (~hen 
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CHAPTER V. FINDINGS AND RECOMMENDATIONS 

A. General Findings 

The scientists who attended the Forens~~ Microscopy Workshops were from 

diverse prd~essional groups with educational backgrounds in forensic science, 

chemistry, biology, physics, and other natural sciences. A bachelor's degree 

was needed to enter the program; a significant number pf students had master's 

and doctor's degrees. " 

Students exhibited a wide range of attitudes and motivation which proved to be 

major factors in how they approached the subject matter and how hard they were 

willing to work. Many saw the course as a unique opportunity to advance their 

forenSic capabilities through an intense one-week effort with one of the most 

gifted microscopists in the world - Dr. Walter McCrone. Most students made an 

effort to derive maximum benefit from the course, devoting many hours to studying 

on site and to follow-up proficiency testing and fw'ther learning on returning 

to their home laboratories. Others were satisfied to come away with a heightened 

knowledge of the capabilities of the instrument and an appreciation for their 

colleagues accomplishments with the microscope, and perhaps with a "few tricks" 

to use at their laboratory bench. A veteran police officer who described the 

COL\rSp. as hi s "most intense experi ence si nce SWAT trai ni ng", most cl early captured 

the intenSity of the workshop, a feeling shared by most of his fellow participants. 

The forensic science community benefited as a result of this training pro­

gram. There is evidence of unprecedented interest in forensic microscopy by 

criminalists. Some regional forensic science associations have contacted the 

workshop teaching staff, hoping to schedule additional local workshops for their 
. 

criminalists .. An informal newsletter to discuss topics related to forensic microscopy 

is being established. The McCrone staff continues to talk with workshop graduates 
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concerning problem~ they have encountered on case analyses and to supply guidance 

for particular microscopic examinations. Workshop graduates have begun to exchange 

samples of physical evidence (such as soils, hair, and furs) to expand their own 

standard reference material collections to increase their use of the polarizing 

microscope and the concepts learned at the workshops. Such positive benefits 

should continue to grow as graduates increase their confidence and capabiliti~s 

in forensi c mi croscopy. Conversati ons with graduates i ndi cate many have performed 

successful analyses of materials that they could not have attempted before takin~ 

the workshops. Some have arranged internships with the McCrone Research Institute 

in order to continue their training in forensic microscopy. 

Mi croscopy. not only i ncoroorates many of the techniques and pri nci pl es of 

the natural sciences, but also constitutes a general problem solving approach to 

forensic problems. As such, it requires a special collection of skills and 

abilities not routinely developed in typical college or university science cur­

riculums. A student who hopes to become a competent forensic microscopist by 

devoting a few weeks or months of study to the area is certain to face frustration 

and disappointment. Years of study and the opportunity to examine hundreds of 

samples of physical evidence likely to be encountered in an actual case are required. 

In this way the microscopist is constantly developing and refining skills and 

adapting them to both routine and unique forensic problems. 

The point to be emphasized is that a one or two-week intensive course in 

forensic microscopy cannot transform the criminalist (generalist} into an accomplished 

forensic microscopist or cause a dramatic immediate increase i.n the use of forensic 

microscopy. What was accomplished at this series of workshops, however, was to 

heighten the examiners· awareness of the many capabilties and applications of 
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the po1arizing microscope to solve problems associated with physical evidence. 

Basic procedures were presented and demonstrated with the hope that on returning 

to his or h~r home laboratory the student would practice and cultivate these 

skills to attain an even higher level of competency. 

In addition to the examiners· lack of training, a second major obstacle to 

~he \'1idespread utilization of forensic microscopy in crime laboratories was 

detected by the McRI instructional staff during these workshops. Many micro­

scopes brought by the students to the workshops for inspection were virtually 

unusable from either neglect or mishandling. Many students were unaware that 

their microscopes were not calibrated properly and they were unable to adjust 

them and put them back in working order. At the workshops these examiners 

learned how to adjust their microscopes properly and how to keep them in good 

working oreer. A well-trained examiner should be able to recognize and, in most 

cases, repair a faulty microscope, a favorable cost effectiyeaspect of the micro­

scope compared with more expensive and complex instrumentation in the crime lab­

oratory that needs costly service contracts. 

These Forensic Microscopy Workshops identified a nucleus of dedicated, 

enti.usiastic, and highly motivated forensic examiners who should be affot'ded 

every opportunity not only to pursue their own advanced training in microscopy, 

but also to teach these skills to colleagues from their laboratories and geo­

graphical regions. These individuals are set apart from others in their pro­

fession--characterized by the teaching staff as possessing the attitude of a 

IIscientist ll rather than a IItechnician.1I The technician approaches a training pro­

gram hoping to learn II cookbook ll techniques instead of general skills that are 

adaptable to a wide range of problems. The I·scientist ll possesses the ability 

to concept~alize and apply general techniques to the diverse problems encountered 

in the forensic laboratot~y; thl~ forensic scienc.es will provide them with con­

tinuing intellectual challenges and opportunities to display their creativity. 
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B. Recommendations 

1. ~ontinue training opportunities. The momentum generated by the 

Forensic Microscopy Workshops should be sustained through the support of 

additional training workshops at the advanced, basic, and fundamental levels*. 

This model of regionally based wcrkshops has proven quite effective and weuld 'lend 

itself to. centinued training schedules for both introductory and special-topic 

presentations. Altheugh the advanced courses in botanicals and soils and miner­

alogy were taught at one central location during this projec~, these courses could 

be taken lion the rcad" to the regional lecatiens, an appreach suggested by many 

students to. encourage maximum participation. 

Suggestiens from laboratory directors and students point to the need to 

support a major portion of student travel and living expenses for the workshops, 

in addition to the basic cost of tuition. This arrangement, which proved success­

ful for ather NILEC,J-fund\:d training warkshops, would permit smaller outlying 

laborataries to send their' personnel to the workshaps and would increase the over­

all level of participatlan natianwide. Funding far 80%af student travel and 

living expenses is thus strongly recammended. 

Thase s,tudents with the capability and interest should receive the special 

training needed to. train co·-workers in their hame laborataries, Key individuals 

can be developed to. become permanent training resources to provide instruction 

and technical assistance to their colleagues who are unable to attend training 

courses. 

2. Updating the for~nsic microscopy workshops. It is imperative that par­

ticipants in these workshops be afferded the oppertunity to. continue informal 

communications with ether forensic microscopists and be prov.ided ongoing training 

*Fundamental ceurses wculd be designed for those criminalists who require cnly 
cursory microscopic training, such as serologists, questioned document examiners, 
and firearms/toolmark experts. 

61 

11 

I 

t 
1 
I , 

I I 

\ ! 

1
1 

I 

I 
1 
I 
I 

() 
.~ 

in microscopy. Thus we recemmend that pragrams be supported~perhaps in conjunction 

with regional forensic science association me~tings or the annual meeting of the 

American Academy of Forensic Sciences --to provide periodic update workshops and 

common-interest (round table) sessions for forensic microscopists. 

3. Related activities. Training alone will never be sufficient to develop 

expert forensic microscopists. In conjunction with workshop and fallow-up train-

ing, internships and sabbaticals are reql\ired to further develop the skills of 

crime laboratory personnel and allow them the opportunity to put aside their 

casework and pursue research in forensic microscopy. Without such opportunities, 

the skills and techniques learned in these workshops will stagnate and the students' 

potenti a 1 wi 11 nat be rea 1 i zed. ~'Je recommend a 50% time.-snartng plan 1 w.hereby s,tudents 

could spend, half their time learning new methods and preparing tables of optical 

properties and half their time on original research projects. 

4. Support microscopy training at educational institutions. A federally 

supported suvey should be undertaken to identify those programs in forensic 

science and other fields at colleges and universities that provide microscopy 

training for students. Once identified, the better programs should be supported 

through student scholarships, internships, and programs to bring faculty up to 

date in current technology, so that they might be able to teach advanced technology 

to their students. 

5. Phase II forensic microscopy workshops. The recommended fundamental 

microscopy course can adequately cover in one week or less the subject'matter 

that the occasional users of the stereo, comparison, and light microscopes re­

quire. On the other hand, there is consensus of opinion among the workshop 

steering committee, project staff, and workshop instructors (and the majority 

of workshop graduates) that the basic workshop should be lengthned to two weeks. 
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Although it is recognized that this would require a correspollding increase in 

(: tuiti on and other .expenses, it is deemed necessary. The one-week, advanced, 

special-topic courses, which would be offered to each region during the proposed 

second phase of training, should continue unchanged. A proposal for a one-year 

20-workshop program is presented below. Fundamenta1 courses for the causal user 

are not included in this proposed schedule. 

Ten basic courses will be taught in designated geographical areas in the United 

States, and ten advanced courses will be taught in Northern California, in the 

New York City t1etropolitan Area, and in the Atlanta area. In each advanced--course 

location, 3 courses would be taught, including botanicals, soils, and explosives 

and explosives residue. In addition, there would be one advanced course in Chicago-­

the advanced explosives and explosives residue workshop which has not be presented 

there previously. A drug identification course is also badly needed but would re­

quire at least a year to prepare, and thus is not included in this proposal. Many 

of the project costs would essentially remain the same as for the cur!'ent pro-

gram. Costs for travel, laboratory supplies, and training materials would not 

increase substantially. In the proposed program, salaries for instructional staff 

would be increased to conform to the proposed two-fold increase in teaching time. 

Excluding the recommended 80% support of student travel, the estimated budget 

increase for the sub-contracted instructional services of McRI for a second year 

is conservatively estimated at approximately $17,000 above the just completed 

cyle--$108,300 versus $91,038. These estimates will be modified on the basis of 

changes in the program. 

To support 80% of student travel and per diem for 350 students (175 in the 

two-week basic workshops and 175 in the one-week advanced courses), an increase in 
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([) funding of approximately $101,500 will be required, CiS follows: 

Travel 

Transportation 

$100 x 350 students x 80% = 
Per Diem 

$25/day x 14 days x 175 students x 80% = 
$25/day x 7 days x 175 students x 80% = 

TOTAL TRAVEL COSTS (80%) = 

$28,000 

$49,000 

$24,500 

$1'01 ,500 

The total cost of conducting this second phase of the Forensic Microscopy 

Workshops would be $108,300 for McRI services, $101,500 to cover 80% of student 

travel, plus FSF administrative costs. The cost of a fundamental course for 

occassional users of the microscope is not included in the estimates noted 

above. 
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APPENDIX A 

THE FORENSIC SCIENCES FOUNDATION, INC. 
11400 ROCKVILLE PIKE ROCKVILLE, MARYLAND 20852 (301) 770·2723 

TO: Crime Laboratory Directors 

FROM: 
-; \ 

Joseph L. Peterson and Ira T. Si1verg1eit ~~ 

SUBJECT: Microscopy Workshops 

The Forensic Sciences Foundation, Inc. is pleased to 
invite your participation in our recently awarded 
Forensi c Mi croscopy \~orkshops trai ni ng project funded 
by the NILECJ/LEAA. This grant will enable us to conduct 
twenty (20) regional one-week workshops in forensic 
microscopy throughout the United States over the next 
twelve months. The main objective of the project is to 
provide basic and advanced special topics instruction 
in the application of microscopy to the examination 
of various types of physical evidence. The proposed 
curriculum (see Attachment A) of these workshops is 
unique and is not available at or planned by other 
agencies or instructional sources (such as the F.B.I.). 
Other objectives of the project are to provide a /lstate­
of-the-art/l monograph of forensic microscopy and to 
develop a general training methodology and evaluation 
procedure adaptable to future training projects in the 
forensic sciences. 

On-site instruction ~ill be prnvided at various locations 
by the McCrone Research Institute of Chicago, Illinois in 
consultation with a nationally selected Workshop Steering 
Committee (WSC) composed of individuals who are authorities 
in forensic microscopy and who also represent each regional 
division of the nation. In addition, regional site coor­
dinators to be selected by the WSC will assist in the se­
lection of suitable workshop locations and in the instruc­
tional process. 

Sixteen (16)~orkshops over a period of twelve months 
will cover basic forensic microscopy, emphasizing the 
use of the polarizing microscope. There will also be 
two (2) advanced workshops on each of the following topics: 

1) Wood, pollens, paper, pulp and plant fibers, and 

2) Soils and minerology. 

Grant administered by the Forensic Sciences Foundation, .Inc. 
For the National Institute of Law Enforcement and Criminal Justice 

Law Enforcement Assistance Administration 
United States Department of Justice 

65 

n 
1 

1 

I 
~ 
j 

I 
I 
I 

\ 
( 
I 
{ 

~1 
1 
I 

I 
! 
II 
I: 

~ 
r 1 

I 

1 ; 

I: 
I: 

Ll I, 
f ! 
j: 

L 
\i .~ 

(r I t j ~.~ 

I 

c 

- 2 -

These two courses will be given at the McCrone Research Institute, 
Chicago, Illinois and be open to students successfully completing 
the basic microscopy workshop or its equivalent. Each advanced 
course is scheduled twice, one midway through the funding period (in early 
December 1978) and once towards the end of the period (April 1979). 

The tentative regional workshop schedule is contain~d in Attachment 
B. Final selection of workshop sites will be base~ on need and 
local interest a~ expressed through student enrollment and in con-
s ultati on with j'egi ona 1 representati ves. The workshops beg; n Monday 
morning and end Friday afternoon. 

The grant covers 80% of the cost of instruction. The student (or 
agency) is only responsible for payment of the remaining 20% of the 
training costs amounting to $65, plus transportation expenses, meals and 
lodging. The $65 tuiti~n is due no later than the first day of class and 
is payable to "McCrone Research Institute/l. 

Laboratory Requirements 

In order to insure the successful transfer of technology to students, 
and that skills once learned are incorporated into the working routine 
of the home laboratories, laboratory directors are asked to certify 
that those personnel selected for the training workshops be allowed 
sufficient work time to prepare in advance of the workshops to 
complete: 

a) workshop readings, and 
b) assessment examinations,and 

allow sufficient time upon returning from the training workshops to: 

a) complete follow-up bench tests, 
b) incorporate the new techniques into laboratory procedures and 
c) formally corllmunicate newly learned :skills to laboratory 

co-workers, especially those who were recommended for but 
not selected to attend the workshops. 

Furthermore, in order to be eligible for the training program, the 
laboratory director must declare that equipment necessary to incorporate 
the training methodologies into the laboratory routine, specified in 
Attachment C,be currently available or lion order" at the home laboratory . 
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Student Selection Criteria 

Applicants must hold at least a Baccalaureate Degree in ch'emistry, 
physics, biology, biochemistry, forensic science, medical technology 
or an equivalent preparation. Previous experience in microscopy is 
recommended but not requi red. They must be wi 11 i ng to prepare 
assignments in advance of the training workshop, to participate in 
several classroom examinations and in follow-up bench testing upon 
completion of the training, and to formally communicate the new 
techniques to fellow microscopists at their home laboratory. 
Individual examination scores will be treated confidentially. 

Upon successful completion of the microscopy training workshop and 
submission of follow-up bench tests and course evaluations, the--­
student will receive a certificate of completion. 

Application Procedure 

Submit a separate application for each individual recommended for the 
program. One application form is enclosed and may be duplicated as 
needed, On each application in the space provided, rank each 
applicant according to your preference for his or her taking the 
course as compared to the others you have recommend@d. Use the 
rank "one" for your first preference, etc. If only one application 
is submitted, rank the person "one". Thr::ie applicants without a 
tanklng will receiv~~ the lowest priority for selection. Have each 
applicant complete the enclosed pre workshop examination. This 
assessment mechanism is for informational purposes only and will 
not affect selection or course grading of the applicant. Each 
applicant should complete the examination on his or her own, without 
the aid of written information or consultation with others. Duplicate 
the enclosed examination as required. 

One student per laboratory will be admitted before additional students 
from that laboratory. Subsequent personnel will be admitted as space 
permits. Final determination of eligibility and admittance is the 
responsibility of the Forensic Sciences Foundation, regional representa­
tives and the WSC. 

Complete and sign the application form stating that necessary 
equipment is or will be available and that the student will be' allowed 
time both before and after the workshops to prepare for and complete 
the requirements of the training. If a specific ~lorkshop location and date 
is not indicated on the 00rkshop schedule (Attachment B), would you 
pJease suggest a workshop site preference and preferred dates. Final 
selection is the responsibility of FSF, regional representative, and 
the WSC. 
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Mail the completed application (Parts I and II) and examination to: 

The Forensic Sciences Foundation, Inc. 
11400 Rockville Pike, Suite 515 
Rockville, Maryland 20852 
Attn: Ira T. Silvergleit, Project Director 

NOTE: DUE TO TIME LIMITATIONS AND LIMITED SPACE, PLEASE RETURN THE 
ABOVE MATERIALS AT LEAST ONE MONTH IN ADVANCE OF THE WORKSHOP{S) 
APPLIED FOR. IF YOU ARE UNABLE TO RETURN THE REQUIRED PAPERWORK BY THAT 
TIME, PLEASE CALL THE FORENSIC SCIENCES FOUNDATION (COLLECT) IN ORDER 
THAT PLACES BE RESERVED FOR YOUR STUDENTS. 

Enclosures: Memo from Dr. McCrone 
Student Application (Part I) 
Student Application (Part II) 
Pre Workshop Assessment Examination 
Attachments A, B, and C 
Forensic Microscopy Workshop Steering Committee 
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MEMO TO: Crime Laboratory Director 

FROM: Walter C. McCrone 

SUBJECT: Forensic Workshops in Polarized Light Microscopy 

The McCrone Research Institute ha~ signed a subcontract with the 
Forensic Sciences Foundation under their LEAA contract to teach 
20 forensic workshops during the period June 7, 1978 - June 6, 
1979. Each workshop will train 15-20 criminalists the proper 
use of the polarizing microscope and how to characterize the 
various trace evidence types (glass, hair, fibers, paint, soils, 
drugs, insulations, 2xplosives, dust, gunshot residue, metals, etc.). 

We have found that the person who receives the greatest benefit from 
this course is the one with most background in microscopy. Conversely, 
a complete greenhorn will probably be badly snowed. We try to help 
increase each applicant's background by sending him the course manual 
with speCific reading and study assignments as soon as his applica­
tion is approved. We urge you, therefore, to expedite these applica­
tions as much as possible. 

It is important for you, as Laboratory Director, to be aware that 
microscopy is a skill which, like tennis or playing the piano, re­
quires continued practice and use. We require that the applicant 
have a polarizing microsGope available (on hand or on order) and we 
ask that you cooperat~ in allowing time for application of the tech­
niques he will learn d~ring the workshop. His usefulness in applying 
microscopy will be directly proportional to the time he is able to 
spend with the microscope. In a short time he will easily make up 
that time investment by better and faster trace evidence examinations. 

When he ';~eturns from the workshop he may also need additional equip­
ment. The following list may prepare you; again, we hope you will 
cooperate in this. The cost is surprisingly low considering any 
other crime lab equipment and especially considering the general 
usefulness of the polarizing microscope in the crime lab. 

Polarizing microscope 
Stereobinocular microscope 
Camera 
III urni na.tor 
Cargille refractive index liquids 
Cargil1e reagent sets 
Slide storage cabinet 
Hot stage 
Dispersion staining objective 
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Particle reference set 
Fiber reference set 
Paint pigment reference set 
Minerals reference set 
Animal hairs reference set 
Fiber reference set 

(40) 
(100 ) 
(100 ) 
(50) 
(150 ) 
(50) 
(50) 

Books and journal (The 
Parti£:le Atlas 

Microscope) 

TOTAL 

$ 90 - $ 180 
160 
245 
115 
250 
80 
80 

100 - 300 
240 - 360 

$4,578 - $ 17,298 

LEAA i~ especially i~terested in upgrading crime lab personnel and 
meaSUrl ng the upg~adl ng p ~oce~s. To do thi s the app 1 i cants are 
asked ~o complete an examlnatlon as a part of their application. 
They wl11 also have a number of,homework quiz assignments during 
th~ course, sev~ral short practlcal exams during the week, a final 
wrlt~en and a flnal practical bench test on the last day and several 
montns later a practical bench test that may require up to 4 hours 
to complete. 

You now know what you and your wor·kshop appl i cants are up agai nst; 
we hope you will still take advantage of the program. 

WCM:km 
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The Forensic Sciences Foundation, Inc. 
11400 ROCKVILLE PIKE 

ROCKVILLE, MARYLAND 20852 

(301) 770·2723 

STUDENT APP,LICATION FORM (PART I) 
FORENSIC MICROSCOPY HORKSHOPS 

To be completed by Laboratory Director. 

I 

DIRECTIONS: Please use a separate application form fOY"each' student applicant. 
Duplicate this form as necessary. 

Telephone Number: ~(_-L) ___ --:-_____ _ 

Course(s) Desired: Basic 
Advanced I - i-food, Pl ants 
Advanced I I' - So"I 1 s, Mi nera logy 

,Horkshop Si te Preference: Region ___________ _ 
State~ ________________ _ 

Facility ____ ~--.---------

Di;lte Preference: 1. Heel<' of __________ -,--__ , or 
, 2. Week of ____ -=---_________ _ 

Rank this applicant relative tocthers you have recOlT'Jllended. _______ __ 

Total' number of persons from your laboratory 'you ha've recommended: ________ _ 

- OVER -
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Laboratory Director's Statement 

I agree to. allow those persons selected for these workshops to prepare 
advance materials/assignments and to complete follow-up bench tests. 
and evaluations. Furthermore, the required equipment is available in 
my laboratory (or on order). Graduates of the program \'1;11 be given 
sufficient time within the cons"*:raints of workload considerations, to 
practice, evaluate, and incorporate techniques learned at the workshops 
into their laboratory routine, and formally communicate these methods 
to other interested laboratory personnel. 

The $65 cost of tuition will be payed by: 
the individual student (s). 
this agency. 
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The Forensic Sciences Foundation, Inc. 
11400 ROCKVILLE PIKE 

ROCKVILLE, MARYLAND 20852 

(301) 770-2723 

STUDENT APPLICATION FORr·1 (PART II) 

FORENSIC HICROSCOPY HORKSHOP 

, To be completed by each student applicant. 

DIRECTIONS: Each student must submit a separate application. 
form as necessary. 

Duplicate this 

App'/ i cant I s Name;..:.:--;----;'----------;:=T.:::7,.-----:----rr.r::r::i"'i"::::-.r,~:_:;:..".. 
Last First Middle Initial' 

Laboratory:-.. __________________ ~~~----------~~~--
Name City State 

Hi ghest Degree Compl eted, ___ -, _______ _ Major Field. _______ _ 

School and Date: ___________________________ _ 

My acaderni c speci a lt i es were : _____________ ~ ___________ --_ 
. . 

I have ta.ken other specialized training as follows: _____________ ..,..-_ 

~ly professional experience includes: 

1. 

2. 
3. 

4. 

pates Place Job Title 

Hy forensic specialty areas are (hair, glass, trace evidence, etc.) ____ _ 

·r am now, and expect to conti nue in the future as a practi ci ng forens i c 
scientist. Yes No -----
Have you used a light microscope more than casually? ___________ _ 

Hha,t types (underline \vith'a doubl"-t lineformore than casual use): 

. Stlereobinocular, comparison, biolOgical, polarizing, fluorescent, reflecting, 

phase, interference, other: ___ _ 

- OVER -
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Have you had prev; ous basi c m; croscopy trai ni.ng? Yes, --- No ---
If Yes, where? __________ McCrone Institute 

_________ Other (specify) _______ ........-__ _ 

I will bring the polarizing microscope to the course for evaluation, cleaning, 
and adjustment or recommendations fer upgrading or replacement. Yes ----No ----
I am wi 11 ing to read and study the introductory portions of the course manual 
to be selit to me before the course and to take a written examination on this 
assignment On the first day of the course. Yes 

~----

I am willing to complete additional tests based on the course curriculum 
1-2 months after the course is completed. Yes '-----
Experience: 

I have been a forensic scientist for ___ -"years. 

Of this iime (above), how many years have you spent actually working "at the 
bench"? years 

f;ty principal interests in forensic science are: 
---~-~~----------

________ (minor): ____________________ _ 

, I ackno\o,jledge that I am responsible for payment of my own travel and per diem 
expenses in addition to a fee of $65. The latter to be paid to MRI is due no 
1 atet' than the fi rst day of the course. 

__--: ___ . __ -.;Agreed (please initial) 

'~1y name is : ____________________ _ 

PLEASE PRINT Address: ---------------------------------

Signature:_~ _______ ~ ____ ~----------

Date: __________________ ~. _____________ __ 
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Honday: 

Tuesday: 

Hednesday,: 

( 

ATTACHMENT A 

McCrone Research Institute 

FORENSIC ~ICROSCOPY 
(tentative) 

(Reading Assignment: !·fRI Course Uanual* pp 1-41, 94-123, 205-208) 

Lecture: 

Laboratory: 

Lecture: 

Laboratory: 

Introduction, brief history of forensi:.::: microscopy, 
physical optics, types of microscopes useful in 
,criminalistics, polarizing microscope, illumination, 
micrometry. 

Familiarization \V'ith the polarizing microscope and 
illumination, micrometry, study of human hair dia­
meter and scale count. 

Crystal morphology: systems, axes, forms, hab~t, sym­
metry; microchemical reactions. 

Recrystallization from vapor ana solution on a micro­
s,cope slide; microchemical tests. 

(Reading Assignment: pp 124-140, 164-189) 

Lecture: 

Laboratory: 

Lecture: 

Laboratory: 

Crystal Optics I: polarized light; refractive index 
and variation with atomic number, wavelength and 
temperature. 

M~asurement of refractive indices for isotropic and 
anisotropic substances, double variation method. 

Dispersion staining. 

Appli~ations of dispersion staini:ng**: textile fibers, 
hair, mineral ,'lOol, glass, drugs, explosives~ soil 
minerals. 

(Reading Assignment~ pp 141-163, 205-208) 

Lecture: 

Laboratory: 

Lecture: 

Crystal Optics II: retardation, birefringence, com­
pensators, interference figures. 

Study of fibers, birefringence and sign of elongation; 
conoscopic observations. 

Characterization and identification of small particles 
(biological, mineral, industrial and combustion products) 
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~ednesday (continued) 

Laboratory: Study of kno~.J1'l particles. -::* (soils, fibers, hairs,. 
inorganic explosives). 

Thursday: (Reading Assignment: pp 190-199) 

Lecture: 

Laboratory: 

Lecture: 

Laboratory: 

Sampling methods, preparation methods, supplementary 
methods (squoosh test, staining, magnet, density, 
crystal-rolling), particle classification. 

Identification of unknotms.** (textile fibers, hair, 
mineral vlo.ol, glass, drugs, explosives, soil minerals). 

Vi;ual'thermal analysis, characterization of drugs 
and explosives, polymorphism and composition disgraos. 

Study of organic explosives and drugs. 

Friday: 

* 

** 

Lecture: Spec.ial methods, (phase, fluorescence,: SEH, TEN, XRD, 
EYLA, IKL\.) , particle fractionation, isolation, mani­
pulation); microminiaturization of tests and measure-
ments; photomicrography. ' 

General discussion and questions: sources and resources 
?icroscopes and accessories, standard ~ethods, standard 
reference materials; proficiency tests, certification 
and accreditation. 

The course is over about 11.IDcntime. 

The course ,manual \"ill be sent to students at least one week before the 
course begins. 

Each student may elect one of the listed forensic evidence types for study. 

The course will include about 10 hours of lecture, 15 hours of lecture­
demonstratio~, 5 hours of guided laboratory use of the microscope and 
16 hours of 1ndependent laboratory exercises. The course hours will be 
o~ficial~y.8 a.m. - 5 p.m. r10nday - Thursday and 8 a.m. - noon on Friday 
w1th addltlonal laboratory work optional. The course outline includes 
a'bout 6 elective hours in the forensic area of direct interest but 
~imited.to hair, other fibers, microchemical methods, soils, glass, safe 
l~s~latlon, drug~, dust analysis, explosives or paint. Subsequent pro­
flclency tests wlll include each studentts elected specialty. 
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C: ATTACHMENT B 

WORKSHOP SCHEDULE 
(Tentative) 

Location 

1. Atlanta, Georgia 

2. Raleigh, North Carolina 

3. Washington, D.C. 

4. Storrs, Connecticut 

5. Chicago, Illinois 

6. London, Ohio 

7. Denver, Colorado 

8. Seattle, Washington 

9. Advanced I - Wood (Chicago) 

10. Advanced II - Soils (Chicago) 

11. Modesto, California 

12. Los Angeles, California 

13. Phoenix, Arizona 

14. Austin, Texas 

15. Shreveport, Louisiana 

16. Southeast 

17. Advanced I - Wood (Chicago) 

18. Advanced II - Soils (Chicago) 

19. Mid Atlantic - Baltimore, MD. 

20. Storrs, Connecticut 

THIS SCHEDULE IS SUBJECT TO CHANGE. 
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Dates 

June 26-30, 1978 

July 17-21, 1978 

July 31- Aug. 4, 1978 

Aug. 20-26, 1978 

Sept. 25-29, 1978 
I 

Oct. 23-27, 1978 

Nov. 6-10, 1978 

Nov. 27 -Dec. 1, 1978 

Dec. 11-15, 1978 

Oec. 18-22, 1978 

Jan. 15-19, 1979 

Jan. 22-26, 1979 

Feb. 26-Mar. 2, 1979 

Mar. 5-9, 1979 

Mar. 19-23 ~ 1979 

Mar. 26-30, 1979 

Apr. 9-13, 1979 

Apr. 16-20, 1979 

Apr. 30-May 4, 1979 

May 21-25, 1979 

________ ------;""'"""-~-----=""":=------c----------___= __ ~-- .1 
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ATTACHMENT C 

EQUIPMENT/SUPPLIES REQUIREMENTS 

Minimum Specifications for a Polarizing Microscope 

1. Monocular upright body tube 

2.' Rotating stage (or simultaneously rotating polars) 
3. Either stage or objectives must be centerable (but not both) 
4. FoclJsable 2:.0.9 NA .condenser capable of Kohler illumination for 

all objecti ves 

5. Three achromatic objectives', one. in each of the rang~s: 3.5-6.3X, 
8-12X and 40-50X; they must be' parfocal ,,-

6. ~ lOX ocular, focusable eyelens with crossline graticule 
7. ~ 8X ocular, focusab1e eyelens with micrometer graticule (the 

crossline and the micrometer scale may be combined in a single 
graticule in a single> 10 ocular) . 

8. Bertrand lens 
9. r~irror 

10. Red I compensator and compensator slot 

Laboratories must have a minimum set of refractive index liquids covering 
the range from nD= 1.400 - 1 .. 700. with, at least, 0.004 intervals. 

Minimum Specifications for Microscope 
Illuminator (BuiTt-In or External) 

It must be possible to achieve good Kohler illumination with all 
objectiv~s and any ~ 0.9 NA condenser. This requires the ability 
to focus a clear image of the lamp filament in the plane of the 
substage aperture diaphram as determined by observing its conjugate 
focus, the objective back focal plane, with the Bertrand lens. 

The following equipment is required: 

1. Clear bulb 

2. Compact filament, ideally a square array 2-3 mm on edge with 
closely spaced filament wires 

3. Centerable bulb 

78 



(; 4. 
5. 

6. 

7. 
8. 

9. 

10. 
11. 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

Lamp condenser lens diameter of ~ 40 mm 
Lamp iris covering full lamp condenser lens aperture 
Lamp condenser to filament distance continuously variable to permit 
focusing a sharp image of the filament 10-40 em in front of lamp 
Lamp capable of x, y, and z movement 
Diffuser, if present, removable 
Clear daylight blue filter 
Filter holder 
Field diaphram should not change its position when the filament 
focus is changed 

Desireable Additional Microscope Features 

Inclined body tube 

Binocular body tube 

Trinocular body tube 

Ball-bearing rotating stage 

Spring-mounted objective.front lens 

0.85 NA 40-60X objective 

lOOX oil immersion objective 

Better corrected objectives: fluorites, 
apochromats or p·l anapochromats 

l5-20X ocular 

Built-in Kohler illumination' 

Centerable substage condenser 

Quarter-wave plate 

3-4 order variable retardation compensator 

Interference filters for F, D, and Clines 

Rotating nosepiece 

Centerable focusable Bertrand 

Neutral density filters (0.1,0.3,0.7) 

High-eyepoint oculars 

Wide-field oculars 
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COURSE NATERIALS 

(Provided By McCrone Research Institute) 

Each student and the instructor Hill have: 

1 Olympus POS microscope 
1 Olympus LSD illuminator 
1 Course manual 
1 Set of 100 prepared slides 
1 Dispersion staining objective 
1 Stage mierometer 
1 Set of solvents and Aroclor 1260 
1 Notebook 
1 Set of manipuiative tools 
1 Box of slides and covers1ips 

Each pair of students tvi11 have: 

2 Reagent and sa'mple blocks 
1 Set saturated aqueous solutions 
1 Alcohol lamp 

There Ni11 also be: 

1 Closed circuit TV system 
I Public address system and lectern 
I Carousel slide projector 
I Set of refractive index liquids 1.3-1.8 
1 Set of high dispersion index liquids 1.5-1.65 
1 Oi.l immersion objective & bottle of immersion 
2 Quartz toledges 
1 Olympus 35 mm photomicrographic camera 
l' S & H e:qJosure. me ter 
1 Set of tools 
1 
1 
I 
1-
I 
8 
I 
1 
2 

Tiyoda microscope 
HcArthur microscope 
Mettler hotstnge 
100-fiber reference set 
20-slide animal sperm set 
Cargille sets of prepared slides 
Library of reference books 
Hot plate 
Aroclor 5442 

oil 

Each student may bring his (or his laboratory's) polarizing microscope 
for evaluation, cleaning, adjustment ar.d recommended upgraaing or 
replacement. McCrone Research Institute (MRI) w{ll furnish up to 25 
complete polarizing microscopes as well as all visua1 aids and course 
materials. 
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The Forensic Sciences Foundation, Inc. 

11400 ROCKVILLE PIKE 
ROCKVILLE, MARYLAND 20852 

(301) 770~27.23 
I 

Forensic Microscopy Workshop Steering Committee 

Peter R. De Forest 
Associate Professor 
John Jay College of Criminal 
Justice 

445 W. 59th Street 
New York, NY 10019 
Tel: (212) 489-5020 

Harold A. Deadman 
Laboratory 
Federal Bureau of Investigation 
9th arid Pennsylvania Avenue 
Washington, D.C. 20535 
Tel: (202) 324-4353 

Bart Epstein 
Mi nnesota Bureau of Crimi na 1 . 
Apprehension 

1246 University Avenue 
St. Paul, MN 55104 
Tel: (612) 296-2665 . 

Dale H. Heideman 
Regional Crime Laboratory 
Supervisor' . 

Florida Department of Crimlna1 
Law Enforcement 

P.O. Box 1489 
Tallahassee. FL 32301 
Tel: (904) 488-7071 

George Ishi i 
Director 
Western Washington Regional 

Crime Laboratory 
Public Safety Building 
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APPENDIX B 

PRE-WORKSHOP ASSESSMENT EXAMIN,AT10N 
I 

NAr1E: ______ ------

LABORATORY: _________ _ 

Why do you wish to take this course? 

The following questions will have no bearing on your acceptance for this 

course and are included only as an evaluation of your present level in the 

areas to be covered in this course. Please answer as best you can. 

1. The double variation procedure is most often used to evaluate 

soils microscopically. True ----- Fa 1 se, ____ _ 

2. Bi refri ngence and retardati on are synony.mous. True __ _ False "--

3. l~rite out ba 1 anced chemi ca 1 equations for the beryl1 i urn mi cro­

chemical test giving tetragonal basal plates of the octahydrate of the 

chloroplatinate: _____________________________________________ ___ 

and the tes~ for silv~r using metallic zinc as a reagent: 

4. Melting pOints can be measured reproducibly and accurately to 

±O.lOC with a microscope hotstage. True __ _ False ___ _ 

- OVER -
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5. Comp 1 ete thi s orthographi c projecti on of a tetragona 1 crystal 

(2 vie~"s): <J,-__ l2_-_ ~ ---

6. The dyes used for dispersion staining have unusually strong 

di spersi on. True .---- False "----

7. The polarizing microscope can be used to characterize, compare 

and identify (cross out negative answers): glass? hair? fibers'? paint? 

drugs? 

8. A scientific'basis for fotensic microscopy is Edmond Locard's 

"Exchange Principle". True --- False "---

9. There is no magnification limit for light microscopy. True ---
False 

'-~-

10. List as many microscopically measurable parameters of small 

particles as you can: 
---------------------------------~-------

r have (or will have by ______ ) the follO\·Jing polarizing microscope 

and accessories in useable conditionJinclllde details of type of micqJscope, 

illuminator, monochromator, hotstage, index liquids etc.) ---------------
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APPENDIX C 

Course Outline 

Forensic Trace Evidence Microscopy 

This course is plann~d as a basic course in polarized light microscopy for 
the trRce evidence examiner in the crime lab. It will not be directly use­
ful to blood and body fluid, imprints or firearms and toolmark examiners 
and only marginally useful to document examiners. It will cover the polari­
zing microscope - optics, adjustment and cleaning; illumination -' how to 
obtain the best possible visible and photomicrographic images; identifying 
characteristics of small particles - size, shape, surface, color, homo­
geneiSy, transparency, refr~ctive indices, dispersion etc.; and the applica­
tion of these tools and te~hniques to the characterization, comparison and 
identification of trace evidence: paint, fibers, soil, glass, hair, explo­
sives, drugs etc. 

The course manual is sent to the students one to two weeks before the course 
and they are expected to read as much as possible starting with Optics 
(p.3-l4) , Compound Microscope (p. 15-26), Resolving Power and 'Illumination 
(p. 27-41), Polarized Light and Interference (p. 49-53), Photomicrography 
(p. 69-94), Micrometry and Counting Analyses (p. 95-105), Crystal Morphology 
(p. 108-124), Microchemical Tests (p. 206-210), Crystal Optics, one polar 
(p. 125-142), Dispersion Staining (p. 169-196), Crystal Optics, crossed 
po lars (p. 146-168), Hotstage Methods (p. 197-205), Morphological Analysis 
(p. 211-214). 

If the reading assignments are not completed by c~asstime. the pertinent 
sections must be read before that material is covered in class. The fo110w-' 
ing schedule indicates when each section will be covered. Each student will 
have his o~vn Olympus POS polarizing ~icroscope with all needed accessories. 
Each subject will be covered by lecture, lecture-demonstration and appro­
priate laboratory exercises. 

Monday, 8 a.m. - 5 p.m. (Reading Assignments: p. 3-41, 69-124, 206-210) 
Lecture: Physical optics, polarizing microscope, illumination, 
micrometry, photomicrography. 

Laboratory: Familiarization with the polarizing microscope, prac­
tice in Kohler illumination, calibration of ocular micrometer, meas­
urement of hair diameter and scale counts 

Lecture: Crystal morphology: lattice, axes, faces, systems, sym­
metry, forms, habit; microchemical tests; recrystallization proce­
dures 

Laboratory: Recrystallization from vapor, solution, evaporation and 
cooling), melt and by precipitation; selected microchemical reac­
tions (procedures, pages 225-227,234). 

Tuesday, 8 a.m. - 5 p.m. (Reading Assignment: p. 49-53, 69-94, 125-142, 
169-196) 
Lecture: Crystal Optics I (polarizer only): refractive index and 
variations with temperature and wavelength. Isotropic v~ aniso­
tropic solids 

(over) 
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Laboratory: Measurement of refractive indices of isotropic and 
anisotropic substances (procjedures, pages 228-229) 

Lecture: Dispersion .,taining 

Laboratory: Determina tion and application of dispersion staining 
data (procedures, pages ,229-230) to glass chips or fibers and 
crystalline substances 

Wednesday, 8 a.m. - 5 p.m. (Reading Assignment: p. 146-168, 211-214) 
Lecture: Crystal Optics II (crossed polars): birefringence, re-
tardation, compensators 

Laboratory: Study of fibers: birefringence, sign of elongation etc. 
(procedures, pages 232-233) 

Lecture: Interference figures, correlation of optical and morpho­

logical data 

Laboratory: Study of interference figures 

Lecture: Visual 'thermal analysis: melting points, crystal-front 
from the melt (form, growth rate, birefringence, extinction, phase 
transitions etc.), applications to drugs and explosives 

Laboratory: Study of the methods of visual thermal analysis, char­
acterization and identification of drugs and explosives (p. 236) 

Thursday, 8 a.m. - 5 p.m. (Reading Assignment: p. 197-205) . .' . 
Lecture: Collection, fractionation, manipulation and ldentlflcatlon 
of small particles, study of dust particles (animal hair, plant hairs, 
vegetable fibers, starches, pollens and paper fibers 

Laboratory: Study of known and unkno~ particles 

Lecture: Microscopical Characterization of Trace Evidence 

Laboratory: Study of trace evidence 

Friday, 8 a.m. - noon 
Lecture: Special methods of small particle characterization - XRD, 
SEM/EDXRA, EMA, TEM, IMA, EMMA, LRMA (MOLE) 

General discu;sion: microanalytical methods, training, standard re­
ference materials, certification, societies, books, courses, meet-

ings etc. 

Final practical examination: characterization and identification of 
the components'of an unknown mixture 

Final written examination 

Course critique 
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Minimum Specifications for a Tungsten Filament Microscope Illuminato;' 

It must be possible to achieve good Kohler illumination with all objectives, 
This requires 1) the ability to focus a clear image of the lamp filament in the plane 
of the substage aperture diaphram as determined by observing its conjugate focus 
(objective back focal plane) with the Bertrand lens; 2) that the image of the filament 
fill the full objective aperture; and 3) the ability to focus a clear image of the field 
diaphram (lamp iris) centered in the plane of the prep.J.ration. To do this will require: 

1. clear (unfrosted) bulb 
2. compact.filament, ideally a square array 2-3 mm on edge with closely 

spaced filament wires 
3. centerable bulb (on lamp condenser axis) 
4. -lamp condenser lens diameter of ~ 40 mm 
5. lamp iris covering full lamp condenser lens opening 
6. lamp condenser to filament distance continuously variable to permit focusing 

a sharp image of the filament 10-40 cm in front of lamp 
7. field diaphram should not change its position when the filament focus is 

changed 
8. "lamp capable of x, y and z movement 
9. diffuser, if present, easily removable 

10. clear daylight blue filter 
n. filter holder 
12. variable voltage control 

Minimum Specifications foT. Stereobinocular Microscopes 

Two independent identical optical paths, one for each eye. 
Interocular distance continuously 'Variable from 55-70 mm. 
One independently focusable ocula~,;,. 
One ocular with micrometer scale [focusable tops lens ocular). 
Total magnification range 5-100X'vith at least 4 magnification steps,' 
Numerical aperture at highest magnification ~O. 13. 

Desirable Additional Features 

Transmitted light capability. 
Zoom optics. 
Trinocular body tube. 
Higher top magnification, ~, 150-200X. 
Concave front surface objective lens acting as a Lieberkuhn illuminator 

(brig>1tfield top light by reflect~on of transmitted light back onto opaque 
speCimens; see PA* II, Vol. I, pp. 239). 

Universal stand to permit extension over large samples. . 
Easily offset optics for straight-through photOmicrography. 
Polars with rotating stage. 
Aperture diaphram in the body tube. 

*Particle Atlas, Ann Arbor Science Publishers, Ann Arbor, Michigan 
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Minimum Specifications for a. Polarizing Microscope 

1. Monocular upright bodytube 
2. Rotating stage (or simultaneously rotating polars) 
3~ Either stage or objectives must be centerable (but not both) 
4. Focusable ~ O. 9 NA condenser capable of Kohler illumination for all 

obj ectives • 
5. Three parfocal achromatic objectives, one in each of the ranges: 

3.5-6.3X, 8-12X and 40-50X 
6. ~10X ocular, focusable eyelens with crossline graticule 
7. ~8X ocular,focusable eyelens with micrometer graticule (the crossline 

and the micrometer scale may be combined in a single graticule in a single 
-~10 ocular) 

8. Bertrand lens 
9. Mirror for external illuminator 

10. Red I compensator and compensator slot 

Desirable Additional Features 

1. Inclined bodytube 
2. Binocular bodytube 
3. Trinocular body tube 
4. Ball-bearing rotating stage 
5. Spring-mounted objective front lens 
6. 0.85 NA 40-60X objective 
7. 100X oil immersion objective 
8. Better corrected objectives: fluorit.es, apochromats or planapochromats 
9 •. 15-20X ocular 

10. Built-in Kohler illumination 
11. Centerable substage condenser 
12. Quarter-wave plate 
13. 3-4 order variable retardation compensator 
14. Interference filtel's for F, D and Clines 
15. Rotating nosepiece 
16. Centerable focusable Bertrand 
17. Neutral density filters (0.1, 0.3, 0.7) 
18. High-eyepoint oculars 
19. Wide-field oculars 

3/79 
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1. 

2. 

3. 

4. 

OLYMPUS 35-mm CAMERA 

Check List 

Lamp on 6 V and with daylight filter (blue) . 

Focus cross1ines in side-viewing telescope. 

Check for Kohler illumination. 

Focus on prep 

a. field diaphram centered.(mirror) and focused (substage condenser ++) 

b. fully illuminated objective back focal plane (aperture diaphram open, 
filament in focus). 

5. Set beam splitter on yellow line and read light meter with polarizer 
in but no analyzer:' 

multiply meter reading (EMR) on scale 1 by 1000 

" " " " :, " 2 " 100 
II " I! If II " 3 II 10 
II II " 1I II " 4 " 1. 

6. Return beam splitter to green line before shooting, 

7. 
K " 

For crossed po1ars shots use K = 200 (ASA = 160); ASA = 160 
K

160 
ASA 

where K = EMR x Exposure Time (sec) 

For one polar use K = 75 

Exposure Time = K/EMR. 

8. Bracket the exposure time; (x 2 and x 0.5). 

9. Set exposure time. 

10. Cock shutter. 

11. Release shutter. 

12. Depress button (under exposure number window) on camera and release 
immediately. 

13. Advance film (turn large knob on camera to a stop). 

14. Record data. 
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MINERAL IDENTIFICATION KEY 

ISOTROPIC 
INDEX> 1.66 (Aroclor) 

Excellent cleavage nD = 2.37, may be colored . ..................•.... 
Conchoidal fracture nD ~ 1.74-1.80, may be colored, sl. anisotropic, blue-black borders .. 

INDEX < 1.54 (Canada balsam) 
Octahedral cleavage , • • . . • • • . . . • 
Conchoidal, 

ANISOTROPIC 

Clear, vesicular air bubbles, "fire-polished" 
Translucent, rough surface • . • • . . . . . 

INDICES> 1.66 (Aroclor); little or no color 
Good c.1eavage 

'. 

Sphalerite 
Garnet 

Fluorite 

Pumice 
Opal 

Kyanite 

, 

Square-ended blades tric1. (-) 2V = 82-83°, stepped ends, 1.715-1.73 . ..• 
Flake habit, monocl. (+) 2V = 14-90° r<b; anom. blue-gr~en 1st order white. . Clinozoisite 

Rounded 
n's »1.66 tet. (+) w ca .1.94, E ~ 1.98 mod. biref.; sometimes euhedral. 
n's ca 1.77 uniaxial (-) 10Vor biref. . 
n's ca 1.75 biaxial (+) 2V ~ 85 0 r>b 

INDICES> 1.66 (Aroclor); colored 
Red and yellows, v. high n's 

Zircon 
Corundum 
Stauroli te 

Tet. (+), 2.6-2.9, conchoidal fracture or sand grains, yellow to red-brOlYn pleochroism. Rutile 
Hex. (-), 2.9-3.2, conchoidal fracture, very fine, deep reds only , . . . . . .. Hematite 

Deep greens and blues 
Flat blades of clear green, higher n darker green, n's sl. > to > 1.66; pleochroism, 

high 2V (+) • • • • • • • . • • • • . . Hornblende 
Green ,to red pleochroism 

If not too colorless to show; n's sl. > 1.66 (-) r>b like tremolite but 
higher n' s . . . . . . . . . . . . . . . . . . . 

Pale gr~en to colorless 
Monocl. n's 1.66-1.69 (+) r>h ................. . 

diff. to differentiate, .Diopside 2V = 50-62°, Augite 25-83° 
n's 1.72-1.74 monoc1. (-) .2V = 74-90° pleochr. like df.iopside 

INDICES 1.54 (Canada balsam) - 1.66 (Aroclor) 
Colored 

extc. and 

Polycrysta11ine, different shades of yellow green-green n's 1.60-1.62, (-) low 2V 

Hypersthene 

Diopsilie, 
Augite 

. Epidote 

perfect basal cleavage • • • . . • . • • • . . • .• ...•...•..•.... Glauconite 



\J \ 

Colorless 
V. high birefringence 

rhombohedral cleavage, (-) sign 
w = 1.658, £ = 1.486. 
w = 1.68, E = 1.5Q .... 

--~-

Indices sl. < 1.66 
Uniaxial 

Conchoidal fracture, low biref. 1.630-1.635 (-) 
Blades §. 1.63-1.65 (-) .........• 

Biaxial 
somewhat tabular 1.636-1.647; 2V = 37° (+). 

Calcite 
Dolomite 

Apatite 
. Tourmaline 

Barite 

conchoidal fracture 1.64-1.67 ..... . 
. 2V 75° excellent cleavage, obI. extc. 1.61-1.63, ca . . . . . . 

Forsterite (Olivine) 
Tremolite 

. Enstatite 
like tremolite but orthorhombic 2V §. 60

0

• (+) r>b . 

Indices 51. > 1.55 
uniaxial 

Conchoidal fracture, low biref. (+) 1.554-1.553 
Conchojdal fracture, d.OW biref. (-) 1.57-1.58 • 

Biaxial 
Micaceous, 2V = 30-47° (-) r>b . .....•. 
Tabular, tlV'inned 2V = 78° (-) r>b, 1.577-1.590. 

INDICES < 1.544 (Canada balsam) 
Twinning ° 

Crossed lamellar twinnin~ 2V = 66-103 (-) 1.52-1:53 . •. 
possible "arrowhead" twins, monocl. rhombs, heat anhyd. 
Albite twinning, 2V = 45°(-) r>b, 1.527-1.534 •. 
Albite twinning, 2V = 77°(+), r>b~ 1.527-1.538 .• 
No multiple twinning, 2V = 33-103 (-), 1.52-1.53 

. . . . . . 

. . . . . . . . . . . .. . . . . 
pseudomorphs . ...•..... 

(high temperature) 
. . .. (low temperature) 

. . . . . . . 

wern 1-1-79 

Quartz 
Beryl 

Muscovite 
Anorthite 

Microcline 
Gypsum 
Albite 
Albite 
Orthoclase 
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1. Ligltt ),Jicroscopy 

The starting point is ta cansider a basic set .of clas­
sification praperties based an observatians readily 
made micrascapically. Same of these relatively simple 
abservatians are used ta classify particies inta a small 
number of subgraups. A ·second set of properties re­
quiring more time and effart are used ta identify indi­
vidual substances within each subgraup. The basic 
classification characteristics chasen are: 

transparency 
calor (transmitted light) 
calar (reflected light) 
birefringence 
refractive index (relative to Aroclor:!.l 5442) 
shape 

Supplementary properties useful for identification 
of individual substances within a subgroup are given 
in Figure 333 in the preceding section. Obviously, if 
we measure bath the basic and supplementary 'char­
acteristics on a single particle, it will be uniquely char­
acterized. That is, na ather particle should gi\'e the 
same set of characteristics unless the two are identical. 
Fartunately, it is not necessary to measure all .of these 
praperties in .order to identify a given particle. A rela­
tively small graup .of basic properties, .optical and 
morphological abservatians, usually suffices. 

Before classifying particles in any system, we must 
start by defining a particle as the largest passible 
homogeneous unit. In agglomerates, the individual 
particle, rather than the agglamernte itself, is de­
scribed. This is espccially important when the individ­
ual particles arc very small, isotrapic and highly re­
fractive since the agglamerate may appear opaque 
(due to light scattering) even thaugh the individual 
particles are transparent. 

The'system chasen lIses either 0 ta 1 to signify ·the 
prcscnct.' .or absellce .of six different characteristics .of 
the particles. The rules follow.' . 

FmST n[(~lT: TIl.-\XSPAIlEXCY. TIw digit "1" menns 
the particle is opaC"'[ue, that is, 100c--o absorbing 
throu~hollt the \'isibk' light r:ln~c. The digit "0" IIll'anS 
the p.;rticle is tranSpafl'llt, \\'hethl'r calared or calorll'ss. 
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SECO:-'-o DIcrr: COLOR. The digit "I" means the par­
ticle shaws some colar (by transmission if first digit is 
"0," by reflectian if first digit is "1." A second digit of 
"0" means the particle is calarless (white if transpar­
ent, black if .opaque). A camplication here is what to 
do far substances showing u calor due to impurity 
atams (silica sand cantaining iron), nanstoichiametry 
(like silican carbide, titanium diaxide etc.) or struc­
tural calars (like some diatoms). These should be clas­
sified as calored: hawever, the detailed description of 
the known substance shauld indicate these passibilities. 
When any calored particle J:s .observed, one should 
consider the possibility that it may be a calarless sub­
stance in .its pure state. Substances that may be either 
colared or calorless (like pawer plant Hyash) shauld 
be classified bath as -1---- and -0----. Even thaugh a 
substance is calored, a 5 p.m thick particle might ap­
pear colorless, then the classificatian shauld include 
both possibilities: -0---- and -1----. Neutral gray parti­
cles, incidentally, are classified 010000. 

THmD DICIT: ANISOTROPY. A "1" means anisotrapic, 
a "0" isatrapic or apparently so. Obviously, small par­
ticles .of many law birefringent substances will have 
insufficient retardatian ta shaw visible polarization cai­
ors. Even S'Ubstances of high birefringence may be ori­
ented sa that the retardation is law, or they may lie in 
an extinctian pasitian. Rotation .of the stage with a first 
order red compensator in place is helpful in detecting 
low retardatian. Occasianally, however, an anisotropic 
particle has such extremely low retardatian that it is 
essentially undetectable even with the compensator. 
Rotation .of the stage with a single palar may show can­
trast changes and even Becke line variatians; these in­
dicate anisatropy arid justify a "1." If no anisotrapy or 
cantrast variation on ratation is apparent, there is noth­
ing ta da but to assign "0" as the third digit for that 
particle. Strain birefringence is also classified as aniso­
tropic. 

FOURTH OIerr: REFRAcrIVE LYOE."I:. A ''1'' means that 
at least .one refractive index of the substance is greater 
th:m Jl~ = 1.660 (Aracla~ 5442). A "0" means that all 
a¥lparent refractive indices are less than .or equal 
to n ~ = 1.660. 

FIrm: DIcrr: SHAPE. A ''1'' means that .only one di­
mension is a~e-fourth (or less) of the other two. A "0" 
means that the particle is elangated .or equant. 

SL"I:TH Dlcrr: SHAPE. A "I" menns that only one di­
mensian is four times (or more) the other twa (needles 
or rods). A "0" means flat or equant. 

Taken tagether, digits 5 and 6 describe the particle 
shape: 
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----11 menns elongated and Rattened, i.e., a ribbon, 
blade, lath etc. 

----10 means flattened but not elongated, i.e., a 
plate or tablet 

----01 means elongated but not flattened, i.e., a 
needle or rod 

----00 means neither elongated nor ffattened, i.e., 
an equant particle 

Now, since opaque particles 1----- cannot show po­
larization colors or refractive indices by transmitted 
light, all opaque particles will be 1-00--. There are, 
therefore, only 8 categories for opaque particles, 4 col­
ored and 4 colorless, of which 3 are not yet represented 
by known particles: 110001, 110010 and 110011. There 
are, however, 32 categories for transparent particles, 
and, of these, 7 are not yet represented by known par­
ticles: 000101, 000110, 000111, 010101, 0l01l0, 010111 
and 011111. This is because isotropic substances do not 
generally show elongation or flatness; hence, particles 
classified as --0--- are usually also --0-00. Some of these 
other categories (--0-11, --0-10 and --0-01) are repre­
sented, however, because the method of formation can 
cause isotropic substances to be elongated' (salt, 
whiskers, fiber glass etc.) or Battened (pumice, perlite, 
seismotite etc.). Figure 334 summarizes the meaning 
of the six-digit code. 

Opaque 
Form a 6-digit Colored 

;;i~:"';:h da ""'d"", 
,,,",,. ~ :::L::d: "d. } FlO; "bb,,, 

I I I I I I 
Order: I 2 3 4 5 S 

000000 

~~ Flot or equant } Equant 

~~Not flat ' 
Low index 

I sot ropic 

Colorless 

Transparent 

Figure 334. The meaning af the six·digit code as used for 
particle description. 

The six-digit code can also bc adapted very nicely to 
a binary cod-e based on values of 32. 16. 8, 4, :2 and 1, 
in that order. for the six digits. The binary code is com­
mon computer language whereas the six-digit code is, 
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at best, awkward computer language. In any case, 
either is easily converted to its equivalent. 

Each of the six positions of the six-digit code is as­
signed i.1. numerical value as follows. 

1 1 1 1 1 1 
32 16 8 4 2 1 

The binary code for a given classification is then the 
numerical sum of the values for those positions of the 
six-digit code filled by the figure 1. The following ex­
amples illustrate the equivalence between the binary 
and six-digit codes. 

100000 = 32 
010000 = 16 
000100 = 4 
000001 = 1 

100010 = 34 
110011 = 51 
100001 = 33 
001100 = 12 

The use of such a system reduces the number of pos­
sible substances so that inspection of a set of photomi­
crographs of known substances in that category alone 
may complete the identification. 

In many cases, particularly transparent, colorless, 
anisotropic, low refractive index, equant particles 
(8:001000), additional measurements are required. 
There are also many fibers in 9:00100I, and these must 
be further differentiated by appropriate observ!ltions., 
The kinds of observations best suited to identifying in­
dividual substances within a given category will vary. 
For example, x-ray data are not very useful for fibers, 
nor is dispersion staining or optical crystallography 
very helpful for opaque substances. 

One solution to this problem is to list all of the prop­
erties of each substance in a description accompanying 
ead! photograph (see \' olume II, Particle Atlas T [l'O ). 

A second solution is to tabulate the most generally use­
ful ~f these properties for all substances in a given cate­
gory. For example, the refractive indices parallel to and 
normal to the length of all fibers arc tabulated in 
order of increasing index. Tabk's of this type will be 
found in Volume 1\', Particle Atlas Tu;o. 

r 
ISOTROPIC 

Fiberglass - uniform 
diameter straigh~ 
colorless 

Mineral wool - exotic 
sha.!)es, irregular 
diameters - may be 
brown or gray 

Arne1 - not truly iso­
tropic but often 
nll-n

1 
<0.001 

c 

, 

FIBER IDENTIFICATION 

I 
Low 

Birefringence 

~Arne1 D (+) 

Dyne1 CJ (+); 
n's ca 1.534 

Cellulose ~ 
Acetate LY (+) 
n's ca 1.474 

Or1on & (-) 
n's ca 1.513 

Chemical pulp 

J.NISOTfOPIC 

I 
Moderate 

Birefringence 
I 

H~gh 

Birefr'ngence 

Viscose Rayon <:) (+); 
n-s .I. 53 & 1.55 

Cotton-twists; (+); no extinc­
tion; n's 1.53 & 1 058 

Wool & other animals-oral; (+) 
scales; (=) n's 1.5 & 106 

Nylon n's <1.66 

Dacron nil = 1.72 

n
1 = 1.53 

Nomax nil = 1.70 

Silk - crossover marks; (+) 
n's = 1.54 & 1.59 (J 

= 1.67 n
1 

-Kevlar nil >2,30 

Linen & other bast fibers - (+); 
nodes; n's = 1.53 & 1059 () 

Straw - lignified, serrated cells 
short baggy cells 

whole indiVidua1i 
fibers 

Nechanical pulp 
torn groups of 
fibers 

Coniferous wood - flat fibers 
r-lith pits 

Nonconiferous wood - flat fibers 
without pits; baggy cells with 
multiple rows of pits 

Asbestos - v. fine fibrils - inorganic 
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SAFE INSULATION 

Definition: Any material inbetween the walls or safes or safe cabinets that 
helps prevent the contents from burning. 

There are 5 general types in most safes encountered: 

1. Vermiculite type - vermiculite, diatoms and Portland cement. 
2. Natural cement. 
3. Gypsum and satvdust or wood chips. 
4. Gypsum. 
5. Frothy cement and vermiculite. 

Many modern safes use the first type which is specifically approved by fire 
underwriters. The diatoms are usually seen as fragments and the vermiculite 
gives a b~otite x-ray pattern because of calcining. If all three of the 
materials are present, it can be stated that the material, even in very small 
particles, came from a safe and no other source. The following use this type: 

Mosler Safe Company 
Diebold Safe Company 
l1eilink St~el Safe Company (use fresh water diatoms and can be named as 

a brand exclusive of all others) 
R. C. Allen Safe Company 
Herring-HaIl-Marvin (owned by Diebold), (made some Tower, Sears brand 

safes) 
Schwabb Safe Company (as of 1977, see below for older Schwabb) 
Protectall (owned by Mosler) 
York, modern (made by Diebold) 
Some Art l1etal 
Some General Fireproofing 

The above type is identified by observation, low power incident microscopical 
study and observation of the diatoms at about 360 power by transmitted light 
after removal of the cement with HCl. Diebold and Mosler are nearly alike. 
Small particles of Mosler may have only spicules visible (isotropic rods). 
Meilink diatoms are specific to that safe. R. C. Allen has many more diatom 
fragments. 

Natural cement was used by many companies in safes made before 1920. This was 
made by calCining argillaceous limestone without clinkering or by burning 
layers of coal and limestone in a tower. Shaley particles and/or cinders can 
be seen; the particles may be black or of many colors. Makes cannot be named, 
but natural cement is good for comparison purposes. The inclusions and com­
position of the cement are quite variable among safes. It was only used in 
the neat form in safes and, therefore, can be stated to be safe insulation 
from an older safe and no other source has Deen known. 

Distributed by Elmer T. Miller at the NEAFS meetiug October 29, 1977. 
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Gypsum and sawdust was used in safes made by Remington Rand, Tonawanda, New 
York. There are six brands, but only "Victor" has pink gypsum. Unless pink, 
this material cannot be stated to be safe insulation ~o the exclusion of all 
other sources. This type was discontinued in 1976 and Sperry Univac Corpora­
tion (now owns Remington Rand) uses frothy gypsum with no filler. 

Gypsum cannot be stated to be safe insulation. It is used in plasterboard, 
but there it has fillers such as dolomite, paper fibers or glass fibers. 
Gypsum has been used in: 

Shaw Walker 
Victor 
Mosldr (safe cabinets only) 
Marvin 
Sperry Univac which owns: 

Remington Rand 
Sperry Remington 
Victory Office Equipment 
Safe Cabinet Company 
General Fireproofing 
Surety Safe and. Vault 

Frothy cement and vermiculite is made by mixing Portland cement and vermicu­
lite with a frothing agent and beating. It was first used by Diebold in their 
light-weight safes and in safe cabinets. A similar product is used in modern 
roof supports in fireproof buildings. It, therefore, cannot be stated to be 
safe insulation to the exclusion of all other sources, but it is distinctive 
and good for comparisons. It is used in: 

Diebold light weight safes and safe cabinets 
Star 
LeFebure (doors only) 
J. D. Brush (since 1971 in Sentry and Keep/Safe brands) 

There are many, some obsolete, which are quite distinctive and not only the 
fact that they are safe insulation, but even the make of safe can be deter­
mined. Some, like Meilink and R. C. Allen, have a common type but the pecu­
liarity must be known. These are recognition situations: 

Art Metal (most) 
1. Gypsum and cork 
2. Gypsum, asbestos, CaC03 , trace diatoms 

Atlas Safe Company 
1. Crushed dolomite and natural cement 

Barnes Safe Company 
1. Natural cement, cinders, furnace ~lag 

J. D. Brush Company 
1. Vermiculite, CaC03, sand, biotite, Ca(OH)2 (prior 1971) 
2. ",ement and glass fibers (Survivor brand) (Modern) 
3. Foamed cment and vermiculite (sinc,a 1971, Sentry and Keep/Safe) 
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Brush-Punnet Company 
1. As above for J. D. Brush 
2. Natural cement 
3. Portland cement, ashes, cinders, coal (older Sentry brand) 

York Safe and Lock (Older) 
Discrete lumps of clay and diatomaceous earth bonded together 
with Portland cement. Very distinctive, can be "called" even if 
found in the separate lumps and in separate particles on the 
same item. (As above, modern York safes have Diebold insulation.) 

General Fireproofing 
Gypsum, diatoms and asbestos 

Schwabb 
1-
2. 
3. 
4. 
5. 

(also makes Berger, Carey, Van Dorne safes) 
Natural cement 
Asbestos and glass wool in CaC03 
Portland cement and diatoms 
Frothy cement 
Diatoms and argillaceous limestone 

Protectall 
1. Cement, diatoms, slag, vermiculite 
2. Cement and vermiculite 

Shaw-Walker 
1. Gypsum (now makes safe cabinets only) 

Valentine Safe and Lock Company 
Vermiculite, cement and sand 

Yawman and Erbe (obsolete, made about 1920-1924) 
Gypsum, diatoms, blue asbestos 

Concrete, kaolin, slag, asbestos etc. have been used in a few safes, mostly 
obso1ute and not nameable. 

Some insulations are painted on the surface, some safes are painted on the 
inside surfaces of the walls to prevent corrosion. 

Many safes have the locking mechanism set in gypsum although this is not the 
insulation in the remainder of the safe. 

Many safes have been repaired or rebuilt and have gypsum, plaster or concrete 
in portions only. 

Very hard white lead putty or red lead putty is typically present on or to fill 
flaws in metal of older safes. 

Some York safes have alum in trays 0r pans imbedded in the doors. Some Remington­
Rand safes have sodium bicarbonate in pans in the doors. Some other safes have 
alum or epsom salts in the doors and many have tear gas vials imbedded in or 
inside the dOQrs. The glass is good evidence. 
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ISOTROPIC 

Fiberglass - uniform 
diameter straight 
colorless 

Mineral wool - exotic 
shapes, irregular 
diameters - may be 
brown or gray 

Arnel - not truly iso­
tropic but often 
nll-n.L <0.001 

I 
Low 

Birefringence 

FIBER IDEN.TIFICATION 

I 
Moderate 

c 

Birefringence 

ANISOTfOPIC 

I 
H~gh 

Birefr~ngence 

~Arnel D (+) 

JDynel c:J. (+); 

In's ca 1.534 

Viscose Rayon .~ (+); 
n-s 1. 53 & 1.55 

Nylon n's <1.66 

Cellulose ~ 
Acetate {J" (+1 

. n's ca 1.474 

Or10n & (-) 
n's ca 1.513 

Chemical pulp 

whole indiVidual~ 
fibers 

Mechanical pulp 
torn groups of 
fibers 

Cotton-twists; (+); no extinc­
tion; n's 1.53 & 1 0 58 

Wool & other animals-oral; (+) 

scales; (=) n's 1.5 & 106 

Dacron nil 

Noma x 

n.L 
Kevril Silk - crossover marks; (+) 

n's = 1.54 & 1.59 0 - Kevlar 

Linen & other bast flbers - (+); 
nodes; n's = 1.53 & 1 059 () 

Straw - lignified, serrated cells 
short baggy cells 

Coniferous wood - flat fibers 
('lith pits 

Nonconiferous wood - flat fibers 
without pits; baggy cells ('lith 
multiple rows of pits 

Asbestos - v. fine fibrils - inorganic 

1.72 

= 1953 

1.70 

1.67 
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APPENDIX D 

MINIpIUM SPECIFICATIONS FOR A POLARIZING MXCROSCOPE 

Monocular upright hodytuhe 

Rotating stage (or simultaneously rotating po1ars) 

Either stage or ohjectives must he centerah1e (hut not. hoth) 

Focusah1e ~0.9 NA condenser capah1e of Kohler illumination for all 
ohjectives 

Three parfoca1 achromatic ohjectives, one in each of the ranges: 
3.5-6.3X, 8-12X ana 40-50X. 

'1 
>10X ocular, focusab1e eye1ens with cross1ine graticu1e 

~8X ocular, focusab1e eye1ens with micrometer graticu1e (the cross1ine 
and the micrometer scale may he combined in a single graticu1e in a 
single ~10 ocular) 

Bertrand lens 

Mirror 

Red I compensator and compensator slot 

DESIRABLE ADDITIONAL FEATURES 

Inclined hodytuhe 
Binocular hodytuhe . 
Trinocu1ar body tube 
Ball-hearing rotating stage 
Spring-mounted objective front lens 
0.85 NA 40-60X ohjective 
100X oil immersion objective 
Better corrected ohjectives: fluorites, apochromats or planapochromats 
15-20X ocular 
Built-in Kohler illumination 
Centerah1e substage condenser 
Quarter-wave plate 
3-4 order variahle retardation compensator 
Interference filters for F, D and Clines 
Rotating nosepiece 
Centerable focusab1e Bertrand 
Neutral density filters (0.1, 0.3, 0.7) 
High-eyepoint oculars 
Wide-field oculars 
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MININUM SPECIFICATIONS FOR A TUNGSTEN FILAMENT MICROSCOPE ILLUMINATOR 

It must be possible to. achieve good Kohler illumination with all 
objectives and any ">0.9 NA conde'nser. This requires the ability to 1} focus 
a cJear image o.f the lamp filament in the plane of the substage aperture dia­
phram as determined by o.bserving its conjugate focus, the objective back 
focal plane, with the Bertrand lens; and 2} focus a clear image of the field 
diaphram (lamp iris) centered in the plane of the preparation. To do this 
will require: 

1. clear bulb 
2. compact filament, ideally a square array 2-3 mm on edge with closely 

spaced filament wires 
3. centerab1e bulb 
4. lamp condenser lens diameter of ~40 mm 
5. lamp iris covering full lamp condenser lens opening 
6. lamp condenser to filament distance continuously variable to permit 

focusing a sharp image of the filament 10-40 cm in front of lamp 
7. field diaphram should not change its position when the filament 

focus is changed 
8. lamp capable of x, y and z movement 
9. diffuser, if present, removable 

10. clear daylight blue filter 
11. filter holder 

MINIMUM SPECIFICATIONS FOR STEREOBINOCULAR MICROSCOPES 

Two identical independent optical paths, one for each eye. 
Interocu1ar distance continuously variable from 55-70 mm. 
One independently focusab1e ocular. 
One ocular with micrometer scale (focusab1e top lens on ocular). 
Total magnification range 5-100X with at least 4 magnification steps. 
Numerical aperture at highest magnification ">0.13 

DESIRABLE ADDITIONAL FEATURES 

Transmitted light capability. 
Zoom optics. 
Trinocular body tube. 
Higher top magnification, e.g., 200X. 
Concave front surface objective lens acting as a Lieberkuhn illuminator 

(brightfie1d top light by reflection of transmitted light back onto 
sp'ecimen; see PA II, Vol. I, pp 239). 

Larg~ stand to permit viewing large samples. 
Easily offset optics for straight-through photomicrography. 
Polars wi~h rotating stage. 
Aperture diaphrru~ in the body tube. 
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APPENDIX E 
NAME, __________________________ ___ 

I 

QuIZ DUE TUESDAY MORNING 

1. A man 1. 8 m tall standing 2.0 m from a vertical plane mirror just barely se~s 
his full length. How· long is the mirror and what is its position? 

2. As you look through the microscope, what planes are in good focus on the retina 
under the following conditions? 

s I cd 
1-1 

S ~ .!<:: 
cd g Q Q) Q) 

1-1 C cd ~ -!-> C ..... 
,..Q cd l:i cd .... "0 0. e ..... 
Q)"'Z 80. -!-> Q) -!-> 

C cd 1-1 cd :> ~ ...... ..... 
1-1 :P~ Q) "0 .B 1-1 cd 

S ~ ~ g cd Q 
"0 1-1 ...... 0. cd ...... 

~ 
Q) ,:sC;:: ::i'l-l ...... Q) 

~ Q ..... . .... 
0. 0. ~ '1-1 cd 

Kohler 

Orthoscopically 

Conoscopically* 

Critical (Nelsonian) 

Orthoscogical!Y,* 

Conoscopically 

Diffuse 

Orthoscopically 

Conoscopically* 
*Bertrand lens in 

3/79 
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QUIZ DUE WEDNESDAY NORNING 

1. Draw all possible indicated views of these three crystals. Assume 
each crystal is lying on a flab face f'lith all arrow's in that same 
plane. You are looking perpendicular to the flat face and arrows. 

D
~--~-'-----

- - - --- "'---

b. 

't 
C. 

~d. 

l 
0.. 
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2. Explain why oriented polymer fibers behave optically like uniaxial 
crystals, i. e., w corresponds to n

1 
and e: to nil. 

3. Explain why oriented polymers films behave optically like ortho­
rhombic crystals, i.e., CJ., 13 and y corresponding to three princi­
,pal indices of the film. 
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NAME ______________________________ _ 

QUIZ DUE THURSDAY MORNING 

1. A cylindrical fiber 20 ~m in diameter shows a third-order 
blue-green between crossed polars. What could it be? 

2. A crystal about 11 ~m thick lying on a flat face shows an 
optic normal interference figure and a very sl;[ghtly yellow 
first-order polarization color, estimated ~oo nm. The 
crystal came from a cake mix, what is it? 

3. What can you say about the dispersion of refz'acti ve index 
(relative to the Cargi11e liquids) for the compounds whose 
dispersion staining curves ax'e shown below (see Course Man..:za.l 
pages 178-180) -

n 25 of 
D 

Cargille ~--~~::-~--~B 
liquids ~ 
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C) 
QUIZ DUE' FRIDAY MORNING 

1. What characteristics do you associate with particles classified as: 

33:100001 __________________________________________________ __ 

22:010110 __________________________________________________ __ 

3:000011 _________ ~ ________________________ __ 

2. How would you most expeditiously differentiate: 

Quartz from ground glass? __________________________________________ __ 

Corn starch from wheat starch? 

Coniferous from nonconiferous wood fibers? ________________________ ___ 

Orlon from cel1.ulose acetate? 

Mill scale from graphite? ________ , __________________________________ __ 
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8. 

9. 

10. 

APPH!DIX F 

QUICK CHECK OF KOHLER ILLUMINATION 

FOCUS 'ON PREP. 

CLOSE LAMP IRIS (FIELD DIAP~l). 

FOCUS FIELD DIAP~~ BY SLIDING CONDENSER 

CENTER FIELD DIAPHRAM WIlli MIHROR. 

INSERT BERTRk\j1). 

OPEN SUBSTAGE IRIS (APERTURE DIAPHRAM). 

FOCUS FILMvlENT WIlli LAMP AUJUSTING KNOB. 

CENTER FILAMEJ'IT' BY £,VVING LAl~. 

REMJVE BERTRA1\j1). 

ADJUST CONTRAST FOR TIIAT SPECIME1\T WIlli 
APERTURE DIAPHRAM. 
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Microscopy in Criminalistics 

Labora tory ~:"erc ises 

" Monda\' a. m. - Kohler Illumination 

Bertrand Lens-~ 

-- -4.-- ObJ'ective Back Focal Plane Centering 

Scr:ws ~ Lamp CJ - Prep Substage Condenser 
. :'0 0 0 -<=>.:.- Substage Iris 

(Lamp Iris 

Lamp 'Condenser . .' 
Lamp Condenser Focusing Adjustment 

Olympus Microscope and TIluminator 

Note conjugal focal planes: 
, 

~lamp iris = prep = ocular interior focal 
plane = retina of eye. 

~ la mp fila ment = substage iriS = obj ec tive 
back focal plane = eyepoint. 

iris 

i i - eyepoint 
<=:>_OCUL.'1.R 

- focal plane 

: I-focal plane 

c::::::::::::. - OBJECT IVE 
'-I--i~_ - prep 

.,.".._~-CONDENSEn 

- iris 

- mirror 

KOfILEl1 rLLU:'IIINATION 
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Steps to obtain Kohler llluminQtion: 

1. Focus lamp filament on a surface ~ 6" from front of lamp. 

2. 

3. 

4. 

5. 

Rotate bulb in its fixture and center filament if the filament image does not 
stay centered on rotation. 

Place lamp ih froDi. of microscope with its front lens 4-6" from mirror; aim 
lamp at midc.1: vi plane mirror. 

Using the 16-um (lOX) objective and any prep on the microscope stage, tilt 
the mirror to :'lluminate the field of view and focus the microscope on the prep. 
(Don It 'worry if the illumination is bad. ) 

The sliding auxiliary lens in the bottom of the substage should be out of the 
light path (slide to the right). 

6. Insert the Bertrand iens, open the substage iris, then focus the lamp filament 
in the objective back focal plane using the lamp condenser. 

7. I.'rove the lamp closer to the microscope, if necessary, to fully (not necessarily 
evenly) illuminate th'e objective back focal plane. 

8. Remove the Bertrand, close the lamp iris (field diaphram) and center its image 
in the field of view (be sure the pr.ep is in focus) by tilting the mirror. 

9. Focus the lamp iris in the field of view by sliding the substage condenser up 
and down. There is a set screw at the front of the condenser. 

10. Open the centered lamp iris just to the edge of the field of view. 

11. Recheck (step 7) the objective back focal plane by inserting the Bertrand. Focus 
the filament if necessary by moving the lamp condenser. If the back focal plane 
is not completely illuminated, move the filament image by swinging or tilting the 
lamp. Be careful to leave the lamp iris in the same position so tliat the lamp 
iris image in the field of view r.emains centered (or recenter). 

12. Adjust the substage iris to give the optimLlm compromise between contrast and 
resolving power. At least 70% of the objective back focal plane should be fully 
illuminated with the optimum setting of the substage iris. 

Every microscope can be adjusted in ways analogous to the above directions and they 
must be checked regularly by every microscopist. Every experienced microscopist 
can tell at a glance if the microscope illumination is properly adjusted. 
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KOHLER ILLU/1INATION (ANY MICROSCOPE) 

CENTER LAl1P FILJ..i.1JENT ON AXIS OF LAMP r, 

FOCUS LAJ.'1P FILAMENT ON CENTER OF MICR COND;:,NSER (USE LAMP CENTERING SCREPIS). 
TILT l1IRROR TO THRorv SOME LIGHT DIT OS COPE MIRROR AND 10 em DISTANT. 
FOCUS ON ANY PREPARATION. l 0 MICROSCOPE 0 

FOCUS OCULAR CROSSLINES (ROTATE OCULAR TOP LENS) 
CENTER STAGE ROTATION. • 

CLOSE FIELD DIAPliRAM (F D) (ON LAM 

Il~GE OF F.D. IN FIE~D'OF VIE~ P); TILT MIRROR IF NECESS~~Y TO 'KEEP 

FOCUS IMAGE OF F oDe (SUBSTAGE CON~ENSER UP OR DOWN) 

CENTER F.D. (TILT MIRROR OR CENTER SUBSTAGE CONDENS;R.* 

INSERT BERTP.AND LENS _ 
F~CUS I~GE OF FILAMENT IN OBJECTIVE BACK FOCAL 
CJ!.NTER INAGE OF FILAHENT (MOVING LAi'1P) PLANE (ADJUSTMENT ON LANP) • 
RECHECK 9. 0 

ADJUST SUBSTAGE APERTURE DIAPHRAM FOR OPTIl1UI1 CONTRAST • 

FIRST OBJECTIVE, CENTER ADDITIO::"; I 

~~ OBJECTIVES AT NOSEPIECE. 

11. 
12. 
13 0 

* 
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APPENDIX G 

FINAL EXAM 

1. The magnification of an objective having a maximum NA of 0.25 should 
be about ___ X. 

2. A given crystal has principal refractive index values of 1.522, 1.552 
and 1.606. The crystal is uniaxial: true ? false ___ ?; 
monoclinic: true ? false ? could be ____ ?; optically positive: 
true ? false ? 

3. A 1 ~m spherical particle will weigh about 10- g? 

4. Bright dispersion staining colors mean the refractive indices of parti-
cle and mountant are very close together: true ? false ? 

5. Every crystal of a uniaxial substance no matter what its orientation 
always shows the same common refractive index sometime during rotation 
of the stage: true ? false ? 

6. Refractive indices increase with incree/sing density (true ? false ____ ?) 

and decrease with increasing atomic number (true ? false! ___ ?) • 

7. What steps could you take to set up Kohler illumination if your micro­
scope has no Bertrand lens? 

8. The light intensity is too high for comfo:z:tab1e orthoscopic illumination. 
Which of the following steps would you take to decrease the intensity: 

a. close down the substage aperture diaphram? ______________________________ __ 
b. close down the field diaphram? 
c. use neutral density fi1ters? ______________________________________________ __ 
d. decrease the lamp voltage? ________ . ______________________________________ _ 

e. lower the substage condenser? 

9. Small particles can be resolved best with: white ____ , red ____ , yellow ____ , 
green ____ , blue ___ light or it doesn't matter ? 

10. What can you say about the crystal system for each of these crystal views? 

< ____ b _____ > ·8 \ I 
11. What can you suggest to improve this course? 

12. What features of this course do you feel shoUld be continued in future 
forensic microscopy courses? 
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APPENDIX H 

Proficiency Test - Explosives and Fibers 

(). 

It is now several months since your polarized light microscopy 

(PLM) course. A final responsibility on your part is a proficiency test 

based on materia.I you learned as a resu1 t of that course. An official 

course certificate indicating successful completion wil.?. be mailed to you 

only after you report your results. Good luck. 

The microscopy workshop you have taken emphasized the determina-

tion of identifying characteristics using the polarizing microscope. Once 

learned, thesetecbniques and observations can be applied to nearly all 

categories of trace evidence (glass, fibers, hair, soils, drugs, paint and 

explosives in particu1ar.). Because the emphasis is on the characteriza-

~ 
[I 

j 

tion and ,identification of small particles in general, we are using the 

same evidence categories for eacll 6f you. This makes the test fairer for 

all by avoiding grading "apples versus bananas." 

This test is in two parts, both requiring application of polarized 

light microscopy. First is one of a group of fiber unknowns labeled F-l 

1 through F-27. You should identify it by diameter, crossection (in~erred fro;n 

1 

! 
"1 

the longitudinal views), surface markings and optical propert:.ies. The 

attached tabulation of fiber characteristics may be useful. 
! 
I 
j Explosives are an important part of the case1,)ad cf all crime 
i 

1 
laboratories and lend themselves particularly well to microscopical identL-

1 

I! 
I ! 
I Il , I 

! I II 
\1 

aD ". ) 

fication, hence each of you is being asked to identify two samples of ex-

plosive. One is organic and the other inorganic (black powder). You should 

do your best to identify each but, in any case, you should send a summary of 

the steps taken, observations made and conclusions reached. A photocopy of 

your notebook pages would be an easy way to satisfy this requirement. 
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SAMPLE A (Inorganic) 

The black particles in Sample A are, of course, carbon and should 

be ignored. The best approach for a polarized light microscopist in identi-

fying explosive components is to use birefringence and refractive index fol-

lowed, if necessary, by particle morphology, recrystallization and micro-

chemical tests. Fortunately, there are relatively few inorganic explosives 

used and these are listed with refractive index data in Figure 1. 

Preparation of Sample 

If possible, pick out one or more apparently identical crystals 

(don't worry about a bi~ of adhering charcoal). If there are groups of 

crystals having quite different appearance, pick each separately and ana-

lyze each separately. If the 'crystals are too small to pick out a suffi-

cient sample, then mount a small bit of the whole sample in a liquid 1.586 

± 0.004 and check the transparent crystals for anisotropy, birefringence 

and general shape characteristics. This liquid, along with crossed polar.s 

observations, will identify Ba(N03)2' NH 4N03 and NaN03 . Are there two or 

more components (besides charcoal)? 

If there is more than one oxidant you won't be able to extract with 

water or recrystallize from water because of possible reactions in solution 

to £idve other reaction products. In any case, use the attached refractive 

index Figure 1 and the fact that you have the crystals in a specific index li-

quid to draw all the conclusions you can. Proceed based on results obtained. 

Cautions: 1. Never dissolve, melt etc. the entire sample. Use 
small aliquots. 

2. Sulfur or aluminum may also be present. The latter 
will be apparent as thin flakes: opaque by trans­
mitted light and metallic by reflected light. Sul­
fur will be transparent, faintly yellow, insoluble 
in water and with very high refractive indices 
(1.9579,2.0377 and 2.2452). It melts, however, at 
ll9°C. 
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You may decide to mount a second small portion of the sample in a 

second or even a third liquid of known refracti v-, index before continuing 

with other tests. 

Recrystallization from Water 

All of the oxidant compounds in Sample A are water-soluble and 

recrystallize from a drop of water on a slide. Be sure you stir and crush 

plenty of crystals into a deep drop. There should always be at least a 

slight excess of undissolved crystals in the center of the drop. You should 

continue to crush and stir (a~d push the edge-crust into the drop) until 

individual well-formed crystals beg·;n to appear. h • T en note and carefully 

draw representative crystals before they go dry (90° angles should be 90°; 

60° angles should be 60° etc.). You should also check the degree of bire-" 

fringence (low, medium or high): when all colors, regardless of thickness 

and orientation, are gray or white the crystals have low retardation and low 

birefringence; brilliant colors (l-3rd order) on crystals as large as 5-15% 

of field diameter means modezate birefringence; white on the larger crystals 

and colors on tapered edges or thin crystals signifies high birefrin~ence. 

You should also check extinction (parallel, symmetrical or oblique) between 

crossed polars. Identical crystals from a water drop (shape, interfacial 

angles, birefringence, extinct;on et·c. are d 'd • goo evJ. ence for identity. 

Microchemical Tests 

Even when you think you know what you have, a microchemical test 

will be good for confirmation. Some useful tests include: 

lead - 1) Mix 2 drops, one very dilute potassium iodide and the other very 

dilute unknown crystals. If lead ' t 1 d' , J.S presen, ea J.odJ.da will precipi tate 

as thin yellow hexagonal plates; or 2) Add a small particle of metallic zinc 

or magnesium to a dilute test drop. Metall' 1 d d d 't ' J.C ea en rJ. es wJ.ll grow in the 

drop if lead is present. 
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potassium - Add a small crystal ofamrnonium perchlorate to a concen~rated 

test drop. An immediate precipitate of low birefringent orthorhombic 

"bipyramids" (actually 2 sets of prisms) prove potassium was present. 

ammonium - If potassium is absent, a dilute drop of chloroplatinic acid 

will precipitate cubic (isotropic) orange octahedra from a test drop con-

taining ammonium ions. If potassium was present, the same test can be 

used but the reagent must be placed in a hanging drop above a warmed 

(50-70°C) alkaline test drop. A simple and convenient closed cell is 

formed. with a coverslip over a plastic vial cap. 

sodium - If potassium a.nd ammonium are absent and sodium is present, a 

chloroplatinic acid drop drawn across a dried test drop residue will yield 

triclinic blades of sodium chloroplatinate with oblique extinction (22°). 
, 

If either potassium or ammonium are present a concentrated drop of uranyl 

acetate in dilute acetic acid drawn across a dried drop residue containing 

sodium will precipitate black (due to total reflection) tetrahedra with 

triangular outlines. 

barium - If lead is absent, mixing a dilute drop of sodium or potassium 

chromate with a dilute test drop will yield a yellow precipitate of barium 

chromate. If lead is present, add a dilute chromate drop to the test drop 

after the magnesium metal has had a chance to precipitate all of the lead. 

(Use plenty of magnesium or zinc powder and if drop goes dry add water 

before adding the chromate drop.) 

Fusion Methods 

All of the inorganic explosives melt above the Mettler 300°C 

range (Table I) except ammonium nitrate (m.p. l69.6°C). Sulfur, incidentally, 

will melt at 119°C. Although this means a hotstage is not the way to go, 

one can melt a few crystals (more the better) and note the crystal habit 
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and optics on crystallization. Better still, when you think you have identi-

fied, say, sodium nitrate (NaN0
3
), a known sample of NaN03 can be melted 

between slide and coverslip and allowed to cool before adding a sample of 

the unknown (minus the charcoal) at the edge of tha coverslip and reheating 

to melt the added unknown and part of the known NaN03 · watching the NaN03 

crystallize on cooling (with a hand magnifier) up to and through the zone 

of mixing will tell whether the unknown is NaN03 • Further inspection of 

the cooled preparation microscopically will confirm the conclusion reached. 

If different compounds, the zone of mixing will show some discontinuity in 

crystal form or retardation due to a eutectic or etc. No change in crystal 

-":; . 
growth rate or appearance through the zone of mixing confirms the identity 

of the two samples. 

Table I. Melting points of inorganic explosives and sulfur 

Compound Mel ting point (oC) 

Sulfur, S 

Ammonium nitrate, NH~03 

Sodium chlorate, NaCI03 

Sodium nitrate, NaNo3 

Potassium nitrate, KN03 

Potassium chlorate, KC103 

119 

169 

248 

308 

333 

368 

Potassium perchlorate, KCI04 
400 (with decomposition) 

Lead nitrate,- Pb(N03) 2 

Sodium perchlorate, NaClo4 

Barium nitrate, Ba(N03J2 

Ammonium perchlorate, NH4C104 

470 ( " 

482 ( " 

592 

Decomposes 

" ) 

" ) 

This test can be performed with any nondecomposing explosive; do 
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not try it with any perchlorates or lead nitrate. There is no danger -

it's simply fruitless except to be able to say "Ah yes, it does decompose." 

SAMPLE B (Organic) 

There are two general types of organic explosives: nitroaromatics 

like TNT, tetryl, picric acid (PA) and trinitrobenzene (TNB) and nitramines 

or nitrates like PETN, RDX and HMX. The latter are generally white and the 

nitroaromatics are generally yellow or brown. The sample you have is one of 

these (high) explosives. These compounds are identified most readily by 

~icroscopical fusion methods. Table II shows their salient characteristics. 

Mel ting points are mors useful for the ni troaromat:' cs since no decomposition 

occurs (unless they are overheated or, held too long at the melting point). 

To obtain hotst:age mel ting points of RDX, HMX or PETN, the sample should be 

placed in the hotstage at 120°C (20°C below the expected PETN melting point) 

and heated at a 10°C/min rate. If melting does not occur by 145°C, remove 

the preparation and continue to heat the hotstage at a 10°C/min rate. Replace 

the prep at about 180.oC and observe up to 205°C. (A solid-solid transformation 

during this step indicates HMX.) If the transformation occurs'or if melting 

doesn't occur before 205°C, remove the prep and continue to heat the stage. 

Reintroduce the prep at about 260°C. Sublimation to form hexagonal crys­

taJS and melting before 280°C indicate HMX. 
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Table II. Thermal microscopical characteristics of organic explosives 

Ni troaromatic Group (no decomposi tion on mel ting, ye11m'l to brown) 

Compound 

TNT 80.6 

TNB 122 

PA 121.8 

Tetry1 129 

Identifying characteristics 

broad blades with sawtooth leading edge grow at 
60-70 0 Ci readily supercool to room temperature and 
crystallize rapidly to give "school of fish" crys­
tal habit, parallel extinction, (+) sign of elonga­
tion and nearly centered BX interference figure on 
high temperature habit. Th~mo1 mixed fusion yields 
68°,112° and 90°,90° profile angles; parallel ex­
tinction, BX figure 2E ca 110°(-); (-) sign of a -
elongation. 

superficially like TNT but less supercooling (no 
school of fish habit). Centered optic normal figure 
gives parallel extinction and profile angles of 
,57.5 and 122.5° or 122.5,115° and 122.5°. Other 
optic axis views show high 2V; (-) sign of elonga­
tion 

also like TNT but less supercooling; pleochroic, 
anomalous first-order red and second-order b111e; 
thymol mixed fusion shows centered .bisectrix fig­
ure, (+) sign of elongation, 91°,88°,91° inter­
facial angles. 

grows very slowly at room temperature but nucleates 
as coarse spherulites at lower temperatures; only 
slightly soluble in cold thymol, gives low bire­
fringent blades with optic axis interference figure 
2V.ca 82° (+). 

Nitramines and Nitrates (decompose on melting, colorless) 

RDX 204 

Hl1X , 279 

PETN 142 

sublimes readily to give skeletal plates and tablets. 
A thymol mixed fusion is not very effective but 
crystals from thymol on cooling are characteristic 
(a city map pattern) and individual plates and 
needles, a rapid solid-solid and slow solution phase 
transformation may be observed. 

sublimes to give uniaxial hexagons with w = 1.607, 
thymol mixed fusion impossible because of m.p. 
difference but HMX recrystallizes from thymol on 
cooling -+ a "three-penny nail" habit with a hexa·· 
gonal plate as "head". 

recrystallize from the melt to give long rods, 
low-order polarization colors changing in a few 
seconds to even lower first-order gray. Thymol 
mixed fusion gives well-formed 'blades with 116.5-
127-116.5° profile angles, parallel extinction, 
(-) sign of elongation. 
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The optical properties can be used to confirm which of these you 
have (Table III). 

Table III. Optical properties of RDX, HMX and PETN 

Compound Refractive indices 
a (w) 13 Y (E) 

RDX 1.5775 1.5966 1.6015 anomalous colors on optic axis view 
and on BXa view, other views normal 

HMX 1.58P! 1.594 1.73 usually well-formed, equant bipyra-
mids and pinacoids 

PETN 1.553 1.554 uniaxial, very low birefringence, 
tetragonal prisms and bipyraw~ds of 
same order 

You should be able to tell whether you have one of these seven 
common high explosives (and which one). If, perchance, you have a compound 
not in either of these groups, you should characterize it as well as you 
can by any PLM procedure and tell me wha tit isn /' t, if not what it is. 
Please send me photocopies of your notebook pages covering the steps you 
took, the results you obtained and the conclusions you drsw. Be sure you 
include your name and the sample designations. 

Mail your notebook copies to: 

Walter C. McCrone 
McCrone Research Institute, Inc. 
2508 South Michigan Avenue 
Chicago, IL 60616 

as soon as possible and not more than two weeks from date of receipt. 

If you have any questions on any of this writeup or on the re-

su1ts you obtain, don't hesitate to call me, Lucy McCrone or Skip Pa1enik 

(all at 312/842-7100). 

Walter C. McCrone 
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ISOTROPIC 

Fiberglass - uniform 
diameter straight 
colorless 

Mineral wool - exotic 
shapes, irregular . 
diameters - may be 
brown or gray 

Arnel - not truly iso­
tropic but often 
nll-nl. <0.001 

I 
Low 

Biref,r ingence 

FIBER IDENTIFICATION 

I 
Moderate 

Birefringence 

ANISOTfOPIC 

~ 82gh 
Birefr'ngence 

~Arnel D (+) 

Dynel f!j (+); 
n's ca 1.534 

Viscose R,'f!{on 0 (+); 
n-s 10 53 & 1.55 

Nylon n's 

Cellulose I"-l 
Acetate V" (+) 
n's Ca 1.474 

OrIon & (-) 
n's ca 1.513 

Chemical pulp 
whole indiVidua1~ 
fibers 

Mechanical pulp 
torn groups of 
fibers 

Cotton-twists; (+); no extinc­
tion; n's 1.53 & 1.58 

Wool & other animals-oral; (+) 
scalesi (=) n's 1.5 & 1.6 

Silk .~ crossover marks; (+) 
n's = 1.54 & 1.59 () 

Linen & other bast fibers - (+); 
nodes; n's = 1.53 & 1.59 () 

Straw - .lignified, serrated cells 
short baggy cells 

Coniferous.wood - flat fibers 
with pits 

Nonconiferous ",rood - flat fibers 
without pits; baggy cells with 
multiple rows of pits 

Dacron 

Nomax 

Kev1ar 

Asbestos - v. fine fibrils - inorganic 

nn 

nl. 

nil 

nl. 

nil 

<1.66 

= 1.72 

= 1.53 

= 1.70 

= 1.67 

>2.30 
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APPENDIX I 

FORENS I C MI CROSCOPY t~ORKSHOP 

EVALUATION FORM 

The instructors and project staff seek your assistance in evaluat~ng this 
forensic microscopy training workshop. Your ~omments a~d suggest10ns 
will assist in'planning future' workshops .and 1n evaluat1ng the.present 
training experience. Please take a few moments to complete th1S evalua­
tion form. DO NOT PUT YOUR NAME ON THIS FORM. 

Instructions. For each of the following items choose an answer between 
TI~E (1) and SEVEN (7) that best reflects your.opinion on the iss~e. Use 
low numbers (1 - 3) to indicate poor or negatlve responses and h1gh 
numbers (5 - 7) for good or positive responses. A response of FOUR (4) 
is. neutra 1., 

1. Hhat was the overall vaTue of the microscopy training \'Jork'shop to ybu? 

Rati ng, ___ _ 

2. How closely did the course meet your expectations of what it should 
be? 

Rating __ _ 

How well did the course cover the knowledge and skill~ you feel it . 3. 

4. 

5. 

shou1d have covered? 

Rat i ng, ___ _ 

Has your confidence in yourself as a forensic microscop-ist chang~d 
as a result of this training workshop? (Use 1-3 for negative change 
and 5-7 for positive change.) 
Rati ng, ___ _ 

Rate your instructor's teaching ability. 
Rating,_' ___ _ 
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Rate your instructor's ski 11 s as a mi croscopi st. 
Rating, ___ _ 

Rate your instructor's knowledge of (forensic) microscopy. 
Rating 

6. Would you recommend this course to others in your laboratory? 

yes;..... __ No '-----,-

7. l~hat percentage of the materi a 1 taught wi 11 you use when you return 
to your home 1 aboratory?' 

. % 

8. How much. have your microscopy skills changed as a result of this 
training workshop? If the course has helped you, choose a positive 
percent. If not, choose a negative percent. (For examp1e, ·-25% = 
you are 25% \'iorse, or +25% = you. have improved. 25%. ) 

+/- sign percent 

9. What did you like most about the course? 

10. What did you like least about the course? 

11. What suggestions do you have that might improve the course? 

12. t~as' the grading fair? Yes __ _ No. ___ _ 

Comments: 
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13. Hhat topics or techniques would you like to see offered in future 
workshops relating to forensic microscopy? 

14. What other workshops and/or conferences would you like to see 
offered by FSF? 

,II 
r r 
, ~. 

I 

Additional Comments or Suggestions: . 

Horkshop 1 ocati on ___ ~ _________ ~ ________ _ 

Date ----------------

125 
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APPENDIX J 

MICROSCOPY HORKSHOP EVALUATION 

INSTRUCTORS - SITE COORDINATORS - HSC MEr-IBERS 

Your Role(s): Instructor Si te Coordi nator --- ------ r1ember HSC ---
Briefly describe any problems that occurred at this workshop (e.g., facilities, 
location, supplies, students, staff, advanced planning, accommod~tions, 
administration, etc.). 

How \'I'ere they resolved? 

Did the students seem satisfied with th~ manner in which the workshops were 
conducted? Here you satisfied? Here the students prepared for class? 

Were yotir colleagues competent and helpful in their roles of instructor, 
site coordinator, or regional WSC member, respectively? 

Additional Comments/Suggestions: 
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MCCRONE RESEARCH INSTITUTE 

2508 SOUTH MICHIGAN AVENUE 
CHICAGO, ILLINOIS 60616 USA 

TELEPHONE 312/842-7105 

APPENDIX K 

A NOT-FOR-PROFIT CORPORATION 

TEACHING: 
MICROSCOPY 
CRYSTALLOGRAPHY 
ULTRAMICROANALYSIS 

Your microscopy proficiency test results were as follows: 

Sample IF Identity Your results Cormnents 

A-

B-

F-

Your results for the organic explosive and fiber unknowns are good enough 
but you also need to identify an inorganic explosive correctly before we 
can award you a certificate. 

We hope that you will give it another try and are enclosing another in­
organic unknown for you to identify. We look forward to hearing from 
you -- your correct answer will earn your certificate. 

Sincerely yours, 

Lucy B. McCrone 

Enclosure: S~ple No. A-
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APPENDIX L 

"OTHER WORKSHOp ll TABULATIONS 

Category Freguency 

fi bers 63 
hai I~ 54 
soils/minerology 44 
paint 36 
drugs 33 
expl os i ves 25 
plant materials 22 
glass 18 
microchemical tests 16 
wood 13 
sero logy 
scanning electron microscopy 7 
microcrystal tests 
hot stage 6 
firearms 
trace evidence 5 
phase 
arson 4 
forensic microscopy 
dispersion staining/staining 
fusion techniques 
building materials 3 
comparative microscopy' 
polymers 
electrophoresis 
instrumentation 
crys ta 11 ography 
diatoms 
too 1 marks 
biologicals 
paper 
compensators 2 
microphotography 
interference 
rubber 
industrial particulates 
infrared 
pl asti cs 
insect fragments 
crime scene processing 
chromatography 
x-ray diffraction 
thermal methods 
microscopy 
advanced micro~copy 
gunshot residue 
tissue identification 
micro-sampling 
slide preparation 
fiber dyes 

Category 

gunpowder 
bone 
industrial products 
advanced polarized mic. 
double variation 

, fil ters 
fluorescence 
ultra-violet 
refractive index 
crystal morphology 
blood typing 

128 

airborne particulates 
clothing 
geog. location of 
biological materials 

foods tuffs ' 
adhes i ves 
oil and grease 
printing 
stai ns 
ball i sti cs 
spectroscopy 
crystal tests 
forensic statistics 
separation techniques 
basic microscopy 
x-ray emi'ssion spectroscopy 
birefringence 
bull ets 
court testimony 
ink, paper' 
microscopy prof. tests 
poll ens 
dispersion staining 
powder patterns 
serial no. restoration 
i on microprobe 
pyrolysi s G. C. 

Frequency 
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