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Flow Cytometry: Theory: Lecture 1
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Structure of this course

• Lectures: The class consists primarily of lectures and lecture 
discussions with mini tutorials as necessary. 

• Practicals: There are no practical components to the 631 course. We 
will however, look at some instruments and instrument components to 
gain some perspectives.

• Quizes: There is an end of term quiz take home  quiz (65%). 
• Homework reading & attendance, and student Seminar: 35% of grade
• Seminar: Each student must present a seminar at the conclusion of 

the course. This seminar must be discussed with the course director 
prior to preparation. This is worth 25% of the final grade and will be 
composed of attendance and presentation. You must give me an 
outline and discuss the seminar with me at least one week prior to 
presentation. You must provide me with a copy of the original PPT 
file. Only one student can present on any particular topic.
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Sources of information
• Flow Cytometry and Sorting, 2nd ed. (M.R. Melamed, T. Lindmo, M.L. Mendelsohn, eds.), Wiley-Liss, New York, 1990 -

referred to here as MLM

• Flow Cytometry: Instrumentation and Data Analysis (M.A. Van Dilla, P.N. Dean, O.D. Laerum, M.R. Melamed, eds.), 
Academic Press, London, 1985 – referred to as VDLM

• Practical Flow Cytometry 3nd edition (1994),4th Ed (2003) H. Shapiro: Alan R. Liss, New York - referred to as PFC

• Introduction to Flow Cytometry. J. Watson, Cambridge Press, 1991 referred to as IFC

• Methods in Cell Biology: v.40,41, 63, 64 Darzynkiewicz, Robinson & Crissman, Academic Press, 1994, 2000 MCB
• Data Analysis in Flow Cytometry:A Dynamic Approach-Book on CDROM M. Ormerod referred to as DAFC

• Flow Cytometry: First Principles. (2nd Ed) Alice Longobardi Givan, Wiley-Liss, 2001 referred to as AFCFP

Note: All of these books are in Prof. Robinson’s library in Lynn Hall, Room B140 and may be checked out 
for 24 hour periods.

More information on flow cytometry books can be found on our website at:
http://www.cyto.purdue.edu/flowcyt/books/bookindx.htm
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Methods and Practical Assistance

• For help with protocols there are several choices including the 
MCB references on the previous slide (Methods in Cell Biology)

• The Handbook of Flow Cytometry Methods morphed into 
Current Protocols in Cytometry which is the definitive work 

on cytometry protocls
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Reference Material

The course will use Shapiro:

Practical Flow Cytometry,  4nd edition (2003), Howard Shapiro, Wiley-Liss, 
New York, as the main reference text.

You can get a free copy of the text here http://ls.beckmancoulter.com/en-us/flow-
cytometry/sidebar/research-tools/learning-tools/practical-flow-cytometry

http://www.beckmancoulter.de/Practical%20Flow%20Cytometry.html WORKS
Supplementary books with good background materials

Introduction to Flow Cytometry. J. Watson, 
Cambridge Press, 1991 (hard to find, but excellent)
Flow Cytometry: First Principles. Alice Longobardi
Givan, Wiley-Liss, 1992 (several editions)
Flow Cytometry: A Practical Approach. M.G. 
Omerod, IRL Press, 1990 (good background)
Methods in Cell Biology: vols 40,41. Darzynkiewicz, 
Robinson & Crissman, Academic Press, 1994 (several more 
recent volumes

http://ls.beckmancoulter.com/en-us/flow-cytometry/sidebar/research-tools/learning-tools/practical-flow-cytometry
http://www.beckmancoulter.de/Practical%2520Flow%2520Cytometry.html
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Additional Background Sources

• Powerpoint presentations references as J.Paul 
Robinson (JPR); Robert Murphry (RFM), 
Carleton Stewart (CS)

• Web sources of these presentation are:
• http://www.cyto.purdue.edu/flowcyt/educate/ppts

lide.htm
• http://www.cyto.purdue.edu/flowcyt/educate1.ht

m

Additional Sources include the Purdue Cytometry CD-ROM series

Vol. 5 Vol. 6             Vol. 7 Vol. 8     Microscopy 1 Microscopy II

Vol. 1 Vol. 2             Vol. 3 Vol. 4

http://www.cyto.purdue.edu/flowcyt/cdseries.htm

DVD V10

Go here to download:  http://www.cyto.purdue.edu/flowcyt/educate/pptslide.htm

http://www.cyto.purdue.edu/flowcyt/educate/pptslide.htm
http://www.cyto.purdue.edu/flowcyt/educate/pptslide.htm
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Week 1

• Introduction to the course.
• Discussion of texts and associated reading materials. 
• Discussion of expectations of students and special 

concerns. 
• Methods of evaluation and testing for the course. 
• Allocation of special review areas and discussion of 
areas for presentation of laboratory seminar. 
• Introduction to flow cytometry principles

References: (Shapiro pp 1-5; Watson pp 1-4;  Givan pp 1-9)
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Course Text

Shapiro, H. Practical Flow Cytometry, Wiley-Liss, New York, 
NY 4th Edition

NOTE: ONLY GET THE 4th EDITION

Note:  Amazon.com and look for 2nd hand books for around 
$10-$50 (new price $125 but may not be available) Despite 
being quite old, the core information in this books is 
tremendously useful and you will find it an excellent reference 
book.

OR
Download Free (you must register first) at
http://www.coulterflow.com/bciflow/practical.php

http://www.coulterflow.com/bciflow/practical.php
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Student Seminars
Allowable Topics for Seminars
The topic for the student seminar must be based upon an understanding of a component of the 
technology. It must demonstrate a complete understanding of the principle involved and the 
application to biology. 
Evaluation: The seminar counts for 25% of the course. See requirements below.

EXAMPLES OF PREVIOUS SEMINARS
- Evaluation of Small Particles using Flow Cytometry
- Kinetic Measurements using Flow Cytometry
- Monoclonal Antibodies, Avidin-Biotin Technology using Fluorescent Conjugates in Flow
- Fluorescent Molecules used in Flow Cytometry
- Optical Filters used in Flow Cytometry
- The Optical System in a Flow Cytometer
- The Fluidic System of a Flow Cytometer
- The Principles of Sorting in Flow Cytometry
- Parameters used in Flow Cytometry
- Parameters & Probes for Evaluation of DNA & RNA in Flow Cytometry
- Any other topic can be suggested 

RULES: Presentations on research projects WILL NOT BE ALLOWED. The purpose of this seminar is to demonstrate your 
technical knowledge in a particular area of flow cytometry. The seminar may be recorded and must not exceed 15 minutes. All 
presentations must be made using Powerpoint. Electronic must be provided in advance for evaluation. All material must be 
approved by the course instructor before presentation.
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General introduction to flow cytometry

Introduction to the terminology, types of measurements, 
capabilities of flow cytometry, uses & applications

• Comparison between flow cytometry and fluorescence 
microscopy
• Transmitted light
• Scatter
• Sensitivity, precision of measurements, statistics,  populations
• Flow cytometry generally does not provide spatial information 
(exception would be AmnisTM that does flow and imaging)
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Publications using the keyword “flow cytometry” from 

The field of flow cytometry continually grows
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Flow Cytometry

• Technology that measures properties of 
single cells

• Measures fluorescence, light scatter, 
and other properties of cells and 
particles

• Can provide correlated data that links 
different population profiles
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What can Flow Cytometry Do?

• Enumerate particles in suspension
• Determine “biologicals” from “non-biologicals”
• Separate “live” from “dead” particles
• Evaluate 105 to 5x106 particles in less than 1 min
• Measure particle-scatter as well as innate 

fluorescence or 2o fluorescence
• Physically sort single particles for subsequent 

analysis
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What are the principles?

• Light scattered by a laser or other light source
• Specific fluorescence detection
• Hydrodynamically-focused stream of particles
• Electrostatic particle separation for sorting or 

chip-based sorting
• Multivariate data analysis capability
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Definitions

• Flow Cytometry
– Measuring properties of cells in flow

• Flow Sorting
– Sorting (separating) cells based on properties 

measured in flow
– Also called Fluorescence-Activated Cell Sorting 

(FACS) – this is a proprietary term from BD -
this term can refer to sorting, but it is not usual to 
use it for analysis. FACS is thus frequently 
misused and likely by folks who learn flow on BD 
instruments. It is far better to use the term flow 
cytometry which is generic and covers both sorting 
and analysis.
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Technical Components
Detection Systems

Photomultiplier Tubes (PMTs)
Historically 1-2 (old instruments)
Current benchtop instruments 3-14
Complex instruments mostly 10-20  now up to 50
Array PMTs 32-40 (spectral system mostly)

Diodes
Light scatter detectors
Cytoflex (Beckman Coutler is all APDs)
APD arrays (spectral systems)
SiPMs – next generation systems

Illumination Systems
Lasers 325, 350-363, 380, 405, 407, 420, 457, 488, 514, 532, 543, 568, 600, 633, 660nm +… 

680nm, 801nm  + others as developed

Argon ion, Krypton ion, HeNe, HeCd, Yag, solid state, diode

Arc Lamps
Mercury, Mercury-Xenon (most lines) (rarely used currently)



©1990-2020 J. Paul Robinson, Purdue University  BMS 631 9:18 PM Page 18

Stains...

Up to 1850’s - only natural stains were available such as Saffron (which was what 
Leeuwenhoek used to stain muscle cells) 

Ehrlich - used acidic and basic dyes to identify acidophilic, eosinophilic, basophilic and 
neutrophilic leukocytes 1880’s to study the dynamics of ocular fluids- used fluorescein 

Fluorescence UV Microscope - August Köhler - 1904 

Pappenheim & Unna (early 1900’s) - combined methyl green and pyronin to stain 
nuclei green and cytoplasm red

Robert Feulgen (1925) - demonstrated that DNA was present in both animal and plant cell 
nuclei - developed a stoichiometric procedure for staining DNA involving a derivatizing dye, (fuchsin) 
to a Schiff base
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Andrew Moldavan

It is unclear if Moldavan ever 
built his cell counter. His short 
article (less than half a page) 
describes a number of
problems but no results.

Manuscript:
Photo-Electric Technique for the Counting of Microscopical Cells 

Andrew Moldavan
Montreal, Canada

Science 80:188-189, 1934

“The purpose of the experiment is to 
have each microscopical cell passing 
through the capillary tube, register 
itself automatically on the 
photoelectric apparatus, thus 
creating a micro-current which can 
be amplified and recorded.”

Moldavan (1934) demonstrates use of a suspending fluid in which were blood cells - the measurements 
were made in a capillary tube using a photoelectric sensor to make extinction measurements
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Moldavan’s Paper

10:12 PM Page 20

Science 24 Aug 1934:
Vol. 80, Issue 2069, pp. 188-189
DOI: 10.1126/science.80.2069.188 
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Historical Overview

Torbjorn Caspersson

1941 - demonstrated that “nucleic acids, far from being waste products, were 
necessary prerequesites for the protein synthesis in the cell (published in 
Naturwissenschaften in January 1941) and that they actively participated in those 
processes.”

1950 - demonstrated that both DNA and RNA increase in actively growing cells famous 
monograph in 1950  “Cell Growth and Cell Function” described nucleic acid and protein 
metabolism during normal and abnormal growth. - These studies were made using a 
Cadmium spark source for a UV light, and primitive electronic circuits for detection of 
signals. 

Used Feulgen stain to stain nuclei

Manuscript:
Torbjorn O. Caspersson, History of the 
Development of Cytophotometry from 1935 to 
the present” in Analytical and Quantitative 
Cytology and Histology, pp2-6, 1986.
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Fluorescence Labeling Technique
Coons et al 1941 - developed 
the fluorescence antibody
technique  - they labeled 
antipneumococcal antibodies with 
anthracene allowing them to detect 
both the organism and the 
antibody in tissue using UV excited 
blue fluorescence

Manuscript:
Immunological Properties of an Antibody Containing a Fluorescent Group 

Albert H. Coons, Hugh J. Creech and R. Norman Jones
Department of Bacteriology and Immunology, Harvard Medical School,  and the Chemical Laboratory, Harvard University

Proc. Soc. Exp.Biol.Med. 47:200-202, 1941

“Moreover, when Type II and III 
organisms were dried on different parts of 
the same slide, exposed to the conjugate 
for 30 minutes, washed in saline and 
distilled water, and mounted in glycerol, 
individual Type III organisms could be 
seen with the fluorescence 
microscope……”

Coons and Kaplan (1950) - conjugated fluorescein with 
isocyanate - better blue green fluorescent signal - further away from 
tissue autofluorescence. This method used a very dangerous 

preparative step using phosgene gas 
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Albert H Coons 1961 memory of his discovery

10:37 AM Page 23

“The Beginnings of Immunofluorescence”
Albert H. Coons, J. Immunol. 87: 499-503, 1961
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3 pages of methods just to make a fluorescent conjugate….in 1950

11:00 AM Page 24

“Localization of antigen in tissue cells. II. Improvements in a 
method for the detection of antigen by means of fluorescent 
antibody” Coons, A. H. & Kaplan, M. H, J. Exp Med 91:1013, 1950
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Melvin Kaplan reflects on origins of 
immunofluorescence
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CITATION CLASSIC - DISK-ELECTROPHORESIS OF BASIC-PROTEINS AND PEPTIDES 
ON POLYACRYLAMIDE GELS
CC/LIFE SCI, (6): 19-19 1981
Original Paper : Reisfeld R A, Lewis U J & Williams D E. Disk electrophoresis of basic proteins 
and peptides on polyacrylamide gels. Nature 195:281-3, 1962.
A1981KZ58200002

http://garfield.library.upenn.edu/classics1981/A1981KZ58200002.pdf
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Oswald T. Avery

• (1944) Oswald T. Avery (1887-1955) - demonstrated that DNA 
was the carrier of genetic information

The Discovery of the "Transforming Principle" 

Avery’s key discovery was that the transforming substance, which produced 
permanent, heritable change in an organism (pneumococci), was 
deoxyribonucleic acid. 

The phenomenon of transformation, Avery wrote, "has been interpreted from a 
genetic point of view. The inducing substance has been likened to a gene, and 
the capsular antigen which is produced in response to it has been regarded as 
a gene product." ….

”…If the results of the present study on the chemical nature of the 
transforming principle are confirmed, then nucleic acids must be regarded as 
possessing biological specificity...." 
Journal of Experimental Medicine, 1944

https://doi.org/10.1074/jbc.R200002200
This article “Oswald T. Avery and the 
Nobel Prize in Medicine” is really worth
reading

https://doi.org/10.1074/jbc.R200002200
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Gucker - 1947

• Developed a flow cytometer for detection of bacteria in 
aerosols

• Published paper in 1947 (work was done during WWII and 
was classified).

• Goal was rapid identification of airborne bacteria and 
spores used in biological warfare

• Instrument: Sheath of filtered air flowing through a dark-
field flow illuminated  chamber. Light source was a Ford 
headlamp, PMT detector (very early use of PMT)
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Gucker’s Apparatus

A Photoelectronic Counter for Colloidal Particles1
BY FRANK T. GUCKER, J R . , ~ CHESTER T. O’KONSKI,~ HUGH B. PICKARD3 AND JAMES N. PITTS, JR.4

https://pubs.acs.org/doi/pdf/10.1021/cr60138a009

https://pubs.acs.org/doi/pdf/10.1021/cr60138a009
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H.P. Friedman
Friedman (1950) - combined acid fuchsin, acridine yellow and 
berberine for uterine  cancer detection using  fluorescence 
microscopy

Acid Fuchsin
Other Names
Acid magenta
Acid rubin
Acid roseine

Absorption Max 540-545  

Reference: Friedman HPJr: The use of ultraviolet light and fluorescent dyes in the
detection of uterine cancer by vaginal smear. Am J Obst Gynec 59:852, 1950 (ref 4482)
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P.J. Crosland-Taylor
Sheath Flow Principle – 1952-3

A Device for Counting Small Particles Suspended in a Fluid through a Tube  P.J. Crosland-Taylor
Bland-Sutton Institute of Pathology Middlesex Hospital, London, W.1.  June 17, 1952 Nature 171: 37-38, 1953

“Provided there is no turbulence, 
the wide column of particles will 
then be accelerated to form a 
narrow column surrounded by 
fluid of the same refractive index 
which in turn is enclosed in a 
tube which will not interfere with 
observation of its axial content.”
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Watson & Crick-1953

The work which 
began with Avery's 
identification of 
DNA as the 
"transforming 
principle" thus led to 
research that 
overturned the old 
conception of DNA 
as a repetitive and 
simple molecule, 
confirmed DNA's 
role in genetic 
transmission, and, 
with James Watson 
and Francis Crick's 
1953 paper, 
elucidated its 
structure.

J. D. WATSON and F. H. C. CRICK
Molecular Structure of Nucleic Acids
Nature, 25 April 1953, VOL 171,737-738 1953 

This is a picture of 
part of the original 
model built by 
Watson and Crick 
at Cambridge in 
1953. 

One wonders what
they would have
done if they had
3D software like 
we have today…..
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Molecular Structure of Nucleic Acids

3:21 PM Page 32
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von Bertalanffy & Bickis - 1956
Ludwig von Bertalanffy (1901-1972)

von Bertalanffy & Bickis (1956)  
The metachromatic fluorescence of AO was 
used to identify and quantitate RNA  in tissues 
and that also that normal and malignant cells 
could be discriminated 

AO - Absorption Max 467 nm

“Identification of cytoplasmic basophilia (ribonucleic 
acid) by fluorescence microscopy” von Bertalanffy, L.
Bickis, I.; Journal of Histochemistry and Cytochemistry 
4: 481-493, 1956
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Wallace Coulter

Wallace Coulter - Coulter orifice - 1956 -
(patent 1953) - measured changes in electrical 

conductance as cells suspended in saline passed 
through a small orifice 

The first commercial version of the 
Coulter Counter

Coulter’s
Original 1953 
Patent  app’n
From 1949

©J.Paul Robinson

©J.Paul Robinson
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Cell Counting Theory

• The hemocytometer was the counting standard from about 1950 until 
the 1960’s.

• the dimension of this device was 3x3x0.1 mm. Typically RBCs were 
counted using a 1:200 dilution from the 1 x 106/mm3 in whole blood.

• Leukocytes (5x103/mm3) were diluted 1:10 in a lysing reagent and a dye 
to stain nuclei 

• Statistical variation is calculated by the following:
-The standard deviation of a count on n items in n�

-Considering no more than 500 cells could be possibly counted manually 
the standard deviation would therefore be 22 
-the coefficient of Variation (CV) is 22/500 or 4.4% 
-add pipetting and dilution errors and its about 10%
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Early Cell Counter

Early cell counter.  Katherine Williams and C.S. Sanders (Atomic Energy Research Establishment) 
1948 - Unclassified in 1956. (Photo taken in Science Museum, London UK by JPR)

©J.Paul Robinson
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The first Coulter Counter

High Speed Automatic Blood Cell 
Counter and Cell Size Analyzer

Wallace H. Coulter
Coulter Electronics, Chicago, Illinois

:1034-1042, 1956
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From Coulter’s only publication…
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Wallace Coulter - Coulter orifice - 1948-1956

Cell 
counter

vacuum

orifice

©J.Paul Robinson

The Coulter Model F released
In 1963 – was the 4th iteration
Of the Coulter Counter by
Coulter Electronics, Inc.
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Hand-drawn advertising drafts of the first 
Coulter Counter (1956)
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History of Cellular Clinical Diagnostics
1941-43  Landmark monograph: Diagnosis of Uterine 
Cancer by the Vaginal Smear. Authored by George N. 
Papanicolaou (an anatomist) and Herbert F. Traut (a 
gynecologist).

SUCCESS OF THE PAP SMEAR
1941    26,000 deaths per year in the United States due to 
cancer of the uterus as reported by Papanicolaou and Trout.

1996    4,900 estimated deaths per year in the United 
States due to cervical cancer with nearly a 2-fold increase in 
population in the intervening half century. At least half of 
these deaths are women who never had a Pap smear.

PAP TESTING IMPROVEMENTS
1951     Cytoanalyzer by Airborne instruments of Mineola, 
New York. Utilized World War II technology.1980s TICAS 
and CYBEST; Computer analysis and automated cytology 
projects. (These pioneering systems proved insufficient for 
general use).
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Historical Overview

• Marylou Ingram – 1950-60’s - identified that radiation caused 
increase number of binucleated lymphocytes in peripheral blood -
she used a scanner to detect these rare cells (1/10000)
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Marylou Ingram

2:09 PM Page 43

CYTO2010 Congress, Seattle, WA, 2010
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Marylou Ingram and Automated Imaging
• Marylou Ingram - 1960’s - identified that radiation caused increase 

number of binucleated lymphocytes in peripheral blood - she used a 
scanner to detect these rare cells (1/10000)

• Preston 1964, Cytoanalyzer was designed to identify Ingram’s rare cells 
using a Vidicon based system - digitized images of lymphocytes were 
produced stained with eosin-methylene azure dye combinations.

References: "Preparation of Cytologic Material for Automatic Scanning Machines" J.C.Pruitt, Ingraham, S.C.; Kaiser, R.F.; and Hilberg, A.W. – J. Nat. 
Cancer Inst.  22; 1105-1117, 1959 
"Field Trial of the Cytoanalyzer; 1186 Specimens Analyzed" J.C.Pruitt, Courtney, W.B.; Hilberg, A.W.; Ingraham, S.C.; Kaiser, R.F. and Houser, M.H. J. 
Nat. Cancer Inst. 24; 1167-1179, 1960
“Importance of automatic pattern recognition techniques in the early detection of altered blood cell production”; Ingram, M. & Prestin, K.;  Annals of the 
New York Academy of Sciences 113:1066-1072, 1964
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Historical Overview

Requirements of image analysis

Pattern recognition, feature extraction, parameters 
or descriptors, texture, color, staining properties

Question:
Why was it so difficult to do image analysis and image
processing in the 1960’s?

Answer: ?

(Hint: the driving force for flow cytometry was really the
result of this issue)
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Mort Mendelsohn 
(Died Dec 25, 2019)

CYDAC Analyzer - (1964) - Mendelsohn, Mayall, Prewitt
(U.Pen)produced high resolution digital images of leukocytes - cells 
were stained with gallocyanin chrom alum and naphthol yellow S

Brian Mayall

Early Technology Developers

Photos taken in 1998 by JPR
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Historical Overview

Early flow systems

Hallermann et al, Kosenow - 1964 - AO staining of 
leukocytes - was able to use fluorescence (in a flow-based 
system)  to select leukocytes from red cells despite a low 
ratio (1/1000) because they took up lots of AO - also 
claimed to be able to discriminate between monocytes and 
PMN

Scan and structure from www.probes.com

Molecular Formula:  C17H20ClN3
Molecular Weight:  301.82 
CAS Number/Name:  65-61-2 / 3,6-Acridinediamine, 
N,N,N',N'-tetramethyl-, monohydrochloride 
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Kamentsky

Kamensky’s first benchtop instrument the Cytograph (1970). This measured scatter 
using a He-Ne laser. This particular instrument was a model prior to the fluorescence 
detection model.

He also built a fluidic cell-sorter to evaluate the cells identified in his RCS. An RCS was sent 
to Stanford for use by Leonard Herzenberg . The unit was also the model for the Technicon D
instrument built by Technicon. (Reference: Shapiro)

©J.Paul Robinson
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Richard Sweet
Richard Sweet developed the electrostatic ink-jet printer which 
was the principle used by Mack Fulwyler to create a cell-sorter.
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Mack Fulwyler
Mack Fulwyler – worked in Marvin van Dilla’s lab at Los Alamos. –

developed the sorter in 1965 – initially used electronic cell volume - at Los 
Alamos National Labs - this instrument separated cells based on electronic cell 
volume (same principle as the Coulter counter) and used electrostatic 
deflection to sort. The cells sorted were RBC because they observed a 
bimodal distribution of cell volume when counting cells - the sorting principle 
was based on that developed for the inkjet printer by Richard Sweet at 
Stanford in 1965.

After determining that the bimodal distribution was artifactual, this group 
were able to sort neutrophils and lymphocytes from blood.

Marvin van Dilla
(Photo dated 6/91)

Mack Fulwyler
(Photo dated 6/91)

Lushbaugh, CC, Basmann,NJ, Glascock, B. Electronic measurement of cellular volumes. 
II Frequency distribution of erythrocyte volume. Blood 1962 20:241-248  Correspondence Blood 1964:23:403-405
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Here is Mack Fulwhyler telling the story
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Here is Marvin van Dilla on the Why they were interested in 
fluorescence
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The mysterious red cell problem
So it was determined that RBC traveling past the laser were 
identified as “different” only because of the artifacts 
developed from the current being too high at the aperture of 
the coulter counter.

When Fulwyler sorted a single population and reran that 
population through the Coulter Counter, he again saw the 
bimodal population proving that the bimodality was an 
artifact.

As a matter of interest, I spoke to Mack Fulwyler about this 
experiment, and he told me that the essentially determined 
the solution to this enormous problem in one afternoon, and 
after all that, they never actually published a paper about the 
problem……like good scientists, they just went on to solve a 
real (biological) problem!!!
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Fulwyler’s Sorter
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Lecture Summary
• Introduction to course
• Reading and Support Materials
• History
• Technical Highlights

At the conclusion of this lecture you should:
1. Know what the requirements of this course are
2. Know where to track down information of importance
3. Understand a brief history of the development of flow technology
4. Be introduced into some of the fundamental principles
5. Have a perspective on why imaging was so difficult to do at the time

Note: If you use materials from this lecture series, please acknowledge the source


