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Abstract

Studies in course design have indicated that it is much more efficient to implement an active
learning environment for students. Participation through discussions and activities results in a
greater intake of knowledge by the students. This course was designed to incorporate
multidisciplinary skills in the classroom. The History of Biology integrates a scientific lab
section with a history class. Microscopes is a sample unit in the course and incorporates
scientific concepts and historical information.The lab section introduces the students to the
lesson by having them use critical thinking skills in order to grasp important concepts prior to the
lecture. Other project ideas have been included to show an approach to a different historical time

period with modern scientific advancements.
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1. Introduction

1.1 Course Introduction

This Interactive Qualifying Project is intended for the design of a multidisciplinary
course in biology and the history of biology, which will be conducted at Worcester Polytechnic
Institute. This class will emphasize problem solving and independent learning, presenting
students with a historical problem scientists faced in the past, and having them design a way to
solve said problem. Ideally, students will not know the necessary background information from
the experiment and will instead resort to critical thinking skills in order to design and run their
own experiments. Students will be exclusively provided certain tools that would have only been
present at a specific time in history. After the experiment, professors will present the historical
background from that time period as well as the important scientists involved and their methods

of problem-solving.

Worcester Polytechnic Institute strongly emphasizes the importance of group
collaboration. This is not only possible while studying STEM topics, but this group collaboration
can also be done in a cross-disciplinary manner. This would allow students to delve into
numerous topics, while also examining subjects from a novel perspective. By creating a course
that incorporates group work as well as multifaceted learning, students could potentially earn
credit from multiple disciplines while also extracting important themes from those respective

subjects.

1.2 Course Design

The class will be set up similar to a Great Problems Seminar (GPS) offered at WPI. The
GPS is done to help introduce students to university level research and project work. The History
of Biology course will mimic the Great Problems Seminar in the length of the class, one

semester, as well as the qualities that it provides to students. The GPS offers many important



skills to be learned by the students that will help them effectively integrate into university based
learning, research, and management. More specifically, it is the aim of the GPS courses to
incorporate skill sets such as group work, research, writing, problem solving, presenting,
interdisciplinary understanding, and sensitivity to various cultures and approaches (WPI, 2014).

The History of Biology course aims to achieve these goals by designing a unique framework.

1.3 Historical Context

This course will be intended to instill in its students not only an understanding of science,
but more importantly a sense of historical context in which biology was developed. Discoveries
people tend to take for granted in present times, were often revolutionary and even controversial
historically. For example, in 1912 Dr. Robert Goddard proposed several innovative concepts that
would revise the way current rocketry was perceived in the scientific realm. Goddard’s research
was later published in 1914 and included several important findings regarding rocket efficiency
(Goddard, 1920). His research resulted in criticism by scientists and the public because he
worked in secrecy and lacked compliance in terms of collaboration. Many scientific discoveries
have taken place through the span of history in which the scientists’ working conditions,
available resources, and societal pressures impacted the progress of discovery. We take the fact
that all organisms are made up of cells, and that there is a microscopic world just out of sight as
commonly known facts while neglecting to explore their origins and the historical context
surrounding these discoveries. Because innovations often occur as a result of the environment
and necessities of the people, it is imperative to account for the historical perspective in the

course as well as the biological one to fully understand how research often occurs.

Let’s trace one biological school of thought that is now obsolete. Ancient Greek
philosopher Aristotle (384 BC-322 BC) contributed much to the world of philosophy, but he also
contributed to the idea of spontaneous generation. (Lennox, 2006) He believed that heat was one
of the sources of life and that grubs were born from dung, because they still retained some of the

heat from the being that produced the dung. Since Aristotle was a well respected philosopher his



teachings remained influential and persisted into the 1700s. These notions led to the creation of

the theory of spontaneous generation.

Spontaneous generation was a theory that life came from inanimate objects. For example,
rodents may come from dry hay bales that are exposed to air. Although this may seem like
foolishness to modern day scholars, this idea made sense to people at the time. After all, if you
closed the hay off from the outside air the mice did not appear to show up in the hay. This theory
continued through much of European history. (Paustian, 2012) Spontaneous generation is an
example of a completely incorrect theory that seemed to make sense based on the apparent truths

at that time in history.

Throughout the year, the team studied the historical context in which discoveries were
made and theories are disproven. By looking at the social and political climate that shaped the
way scientists perceived problems. The developed plan is to teach students about the current
events at a specific time period and how these events impacted the scientists working on
problems. In this, we shall paint a picture of how the circumstances affected their abilities and

needs to do their experiments.

1.4 Teaching Styles and Methods

Pursuing a certain teaching style for the course is important as it may dictate the manner
that the student learns. Particular guidelines need to be implemented in order to insure that the
students gain both knowledge and valuable experience from the material. The course offers both
a history and biology credit, something rarely done on most campuses as indicated by Charmany
et. al. in their 2008 paper, and strives towards more efficient learning methods for the students.
The inclusion of the History of Biology course would become an example of the benefits of

active learning and more classes like this may be added to other universities.



It has been proved many times that lecture-based learning does not promote critical
thinking skills or engage students to learn (Lake, 2001). Many college courses offered follow
lecture based teaching methods that include difficult goals for the students to reach. These can
include minimal time available to grasp important concepts taught during lecture. Students may
have trouble retaining information and lack confidence in approaching problems encountered
during a course as well as after it has ended (Fink, 2003). The goal of the History of Biology
course is to offer the students a new method of learning; a hands on approach to encountering
scientific problems. Because the course offers a lab where the students have to independently
work through experiments and problems, they may understand solutions better as well as the

importance of their struggles, mirroring the struggles of scientists over time.

Often, students do not understand the importance of scientific experiments and the impact
they had on the advancement of science and technology. Usually, material presented in the form
of hard facts and experiments is reduced to the results while glossing over the efforts men and
women took to overcome obstacles and reach their findings (Fink, 2003) Allowing a student to
experience such endeavors will most likely result in an increased appreciation for science leading
to an equal increase in interest of the course as well as confidence in pursuing problems. Their
gained confidence and problem solving skills can be applied in all aspects of life, not just the

course they applied them in.

In order to create significant learning experiences, students must be exposed to different
styles of teaching as well as connections of what they have learned to real life. Without these
two, the knowledge they gain in the course may be easily forgotten. It is especially important to
be able to form the bond between what they learned and how they can apply it. Proficiency in
this will result in both the success of the course as well as what the student takes from the course

(Fink, 2003).

The way in which the course is designed also has a great impact on its success. Changing the

paradigm may sound simple, but there are many problems associated with that. The difficulties
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in creating a learning environment that is both rich and enduring for the student are complex in
nature. Since student needs are quite variable and independent, one particular teaching system
may not be universal. Some of the common learning problems encountered with students are
boredom, lack of class attendance, preparation prior to class time, and deficient retention of
knowledge (Fink, 2003). Organizing the course to promote significant learning is vital, but will
take time and effort to optimize. Assigning homework or pre-laboratory write-ups will help
prepare students by providing a source to learn outside of the school. It will also help reinforce
material from discussions and including these assignments is important in all classroom settings
(Fink, 2003) This should lead to a buildup of confidence for the student and then possibly lead to
their being more engaged with the material during class time. The lab portion of the History of
Biology course influences the student to get prepared outside of class in order to move through
the experimental portion quicker and with more ease. Including the lab section ensures that
students try to prepare more thoroughly beforehand, as opposed to having only a lecture where
students are more inclined to participate at a passive level. Along with this, the pre-lab
assignments that are required will also help them process knowledge and gain creativity before

beginning experimentation in the lab.

Significant

Learning ’ Application

Figure 1: Dynamic Diagram of Interactive Learning (Fink, 2003)
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Interactive learning is a dynamic process of multiple dimensions as shown in the diagram
below. Students are all different in the way that they learn and often times multiple methods of
teaching are required in order to make a positive impact. The first step is to set up specific course
goals and then more general curriculum goals. Afterwards, creating the course outline and
figuring out different ways to explain a topic is important. One of the most consequential parts of
teaching a newly founded course is having a source of feedback and assessment in order to
improve it. Software, such as CATME, has often been used to gain data from the students in the
form of surveys. This will be helpful in optimizing the course as it is being taught. The surveys
also serve as a source for improvement by supplying the teacher with information about how

students are handling assignments and group work.

Experiences
* Doing, observing
& Actual, simulated
= “Rich learning

experiences”

Mﬂrnmﬁun
and Ideas

Reflecting
* On what one is learning
and how one is learning

* Alone and with others

* Primary/secondary
* Accessing them in class,
out of class, online

Figure 2: Holistic view of active learning (Fink, 2003)

The components above are important with respect to implementing active learning for the

student. Specific activities that promote active learning, are shown below.
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Exhibit 4.1. Activities That Promote Active Learning.
Reflecting
Experiend (on what one
Getting +H——-—- o Sogml — is learning and
Information how one is
and ldeas Doing Observing learning)
Direct * Original * Real doing, | = Direct * Classroom
data in authentic observation discussions
* Criginal settings of * Term papers
sources phenomena | = In-depth
reflective
dialogue and
writing on the
| learning process
Indirect, * Secondary | » Case studies | = Stories (can
vicarious data and | = Simulations be accessed
sources * Role play via film,
* Lectures, literature,
textbooks oral history)
Distance * Course * Teacher can assign students | » Students can
i learning Web site 1o directly experience . .. record their
| (online courses, | = Internet | = Students can engage in reflections and
interactive * Video indirect kinds of experience then, if they
| video, lectures at distant sites or online. choose, share
| comrespondence | ¢ Printed thelr reflections
courses) materials with others in
wriling, via TV,
L or online,

Figure 3: Activities that promote active learning (Fink, 2003)

Accomplishment of the entire set of suggested activities above may be a daunting task,
however, the idea of promoting active learning through these types of tools is the main objective.
Instructor experience is a positive asset especially with the predisposition of running the course
to effectively understand how to present knowledge as well as how to keep the student engaged.
It is imperative that the course does not rely heavily on lecture-based learning but instead as a
supplemental method to enhance the learning outcomes. Providing in and out of class activities
for the students additionally enhances their learning experience as well as improves information
retention. In order to advance the common teaching system, steps need to be taken in creating

and organizing a dynamic course that pursues constructive teaching and learning.
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1.5 Difficulties with Traditional Teaching Methods?

As previously discussed, one of the distinguishing factors about this course is the way in
which it will be designed. That is, putting a great deal of emphasis on the hands on approach or
the experimental side of the class. In doing so, the student is exposed to a more realistic and
practical approach to science. This is applying the theories or analytically working through a
problem to come to a solution. An approach such as this is highly beneficial to the student as
there are several limiting features of learning methods currently being implemented. These can
be avoided with alternative learning designs and some of these limiting factors are described

below: (Yiping Lou, 2004)

e Difficulty retaining information after course is over.

e Do not develop ability to transfer knowledge to novel situations.

e Does not provide critical thinking or problem solving skills.

e Students do not achieve affective outcomes such as motivation for additional learning or
a change in attitude.

e Students lack confidence in their ability to approach a problem and figure it out on their
own.

e Students can feel like they aren’t learning as much as they could or should be.

e Students feel as though their college teachers don’t care about them or promoting their
learning.

e Students do not engage fully or energetically in learning.
The History of Biology course design will attempt to avoid these limiting factors by

encouraging active learning and other supplemental methods through its curriculum. Active

learning will later be discussed in further detail.
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1.6 Student Psychology and Concept Maps

Another part of the learning process that must be considered for a course such as this is
general student psychology. Psychology plays a big role in the way a person retains knowledge
and is able to apply it. One way the brain is able to do this is by drawing connections between
topics and so a good tool for articulating the interrelatedness of ideas is through a concept map
(Ambrose,2010). A concept map has a standard design by using nodes and links in a network

configuration to organize and graphically represent information.

Concept maps are a very effective tool to help students understand topics more
effectively by facilitating cognitive processing techniques like drawing connections between two
or more topics (Novak, 1990). With respect to the History of Biology course, incorporating a
concept map at the beginning of each topic discussion in lecture, or at the conclusion of lab,

would be an useful way for students to draw useful connections.

1.7 Prior Knowledge

A large portion of student psychology in the sense of learning material is dictated by
recalling prior knowledge. Prior knowledge can be an invaluable asset as it provides a student
with a certain level of framework. More importantly though prior knowledge can be a major
confidence booster for a student. There is a direct correlation between interest in subject matter
and prior knowledge (Tobias, 1994). It has been suggested that prior knowledge can stimulate
deeper cognitive processing and arousal of emotional cognition (Tobias, 1994). However, since
this course is designed to mimic the historical state at which groundbreaking discoveries were
made, employing prior knowledge in the laboratory would be counterintuitive. Therefore, prior
knowledge will not be a central focus of the lab portion, but will be extensively utilized in the
respective lectures. Recall memory has been shown to decrease greatly over time, as the
information may not be useful in day to day interactions (McGaugh, 1966). With the hands-on
understanding gained from lab, the student will have prior knowledge to relate new material in

lecture. Additionally, since prior knowledge and recall memory are heavily dependent on time,
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the most effective way of utilizing prior knowledge is by encouraging recall in the subsequent
lecture. This will give students ample time to consider the lab portion, but not too much time to
forget necessary details. Certain techniques to exploit prior knowledge have been researched and
are suggested for the utilization in this course’s lectures. One of those techniques is known as
elaborative interrogation. Elaborative interrogation works by enhancing three critical learning
traits; coherence, inference, and recall (Ozgungor, 2004). Elaborative interrogation is a method
that encourages a student to draw connections. Activation of prior knowledge gained during
previous discussions may be triggered more effectively when instructors exercise strategies using

this method of teaching.

1.8 Declarative and Procedural Prior Knowledge

While prior knowledge has been cited as being a major advantage for students learning
subject matter, it can also be misleading and inadequate. Even if the student has been exposed to
accurate prior knowledge and it is activated in lecture, it is not necessarily going to be on the
desired level for the course or applicable to the course context (Ambrose, 2010). Creating a clear
distinction between various types of knowledge by designing a course that functions through
active and passive learning should develop this knowledge in a satisfactory manner. With respect
to the various types of knowledge, there are two different types of prior knowledge, each of
which has its own applications: declarative and procedural (Ambrose, 2010). Declarative
knowledge is factual by nature and includes things like concepts and definitions (Ambrose,
2010). This type of prior knowledge can be obtained through traditional teaching styles that
emphasize lectures and reading course books, as well as other means. On the other hand,
procedural knowledge is the application of knowledge and how to apply that knowledge
(Ambrose, 2010). As the name suggests, procedural knowledge is generally obtained through
actively executing a particular task that demonstrates the content of interest. The lab portion of
this course would be designed to place emphasis on procedural knowledge, while the lectures

would create a bridge with declarative knowledge. This combinational scheme may be a way to
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ensure that each student is provided accurate and sufficient prior knowledge when the lecture

portion is introduced.

Procedural I:DStudents will critically work through the lab.

Declarative I::}Students will gain an understanding of why and how the procedural
portion is relevant to the overall topic through retrospective discussion in a
lecture-based setting.

1.9 Active Learning

Pedagogically, this course setup is best suited to facilitate the students’ ability to be more
engaged active learners rather than passive learners. Active and passive learning are two
different approaches to education where the ultimate goal is to educate students and obtain the
best quality knowledge. Passive learning typically involves lecture-based learning, when students
listen to the instructor, take notes, and repeat the information to prove they have learned. During
passive learning, students will also follow explicit instructions closely with little independent

thought or experimentation (Collins, 1996).

Active learning, on the contrary, involves more independent decision making and
thought. For this reason, this course will be run with emphasis on active learning. Through active
learning, instructors will provide students with any necessary tools and background, and students
must decide what information is useful and necessary. The instructor will create an environment
for students to explore and learn through experimentation, in this case specifically. During active
learning, students will test facts and concepts for more independent learning, all with the
guidance of the instructor (Herr, 2001). This type of learning will be implemented during this
course in the History of Biology as instructors provide some background as to resources available
at the time of a specific topic to be investigated, and students will also be provided with tools to

help solve a specific problem. However, students will not be given precise instructions on how to
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solve a problem that scientists encountered in the past. They must think independently, designing

and experimenting with original ideas.

2.0 Course Purpose and Ramifications

There are specific goals and learning outcomes that are anticipated with the
amalgamation of these disciplines, history and biology. It is important to note that the
ramifications of creating a course such as this reach much further than just the WPI community.
Rather, it is a global endeavor in changing the way in which classes at all levels are taught with
the understanding that active interdisciplinary learning is at the core of the advancement of our
progressive society (Cooper. et. al, 2001). Designing one course may not make an immediate
impact into how classes are taught, but it can help influence future professors to implement
multidisciplinary topics and active learning into their lectures. Unfortunately, many students are
under the misconception that science is not an inclusive human enterprise but rather that it is an
elite controlled venture (Cooper. et. al, 2001). The reality is that science and humanities are
closely related and indeed should be combined in some form to exploit the value of both
disciplines. It is therefore a grand scheme which must start at the source, which is the education
system. With so much stress put on the importance of STEM courses in recent educational
history, there are a great deal of resources available for educational institutions to implement
innovative learning plans. A top-down approach would begin implementation at the university
level? The colleges provide higher education and can positively affect the outlook on human

cooperation with a common goal of advancing science in the most efficient manner.

It is then, that we specify the expected outcomes for History of Biology. First and
foremost, the class will further demonstrate the importance and relevancy of mixing humanities
with science. Simultaneously, the course will provide students with an active experimental
approach while considering historical contexts. Additionally, it is expected that through the
challenges presented to the students, they will come to the realization that science is a human

process. They need to understand that the human element has strong pertinence to the way in
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which science is conducted and its significance within history. The key idea within the social
aspect of this course is that the students understand how human constructs impact the discovery
process. As our world comes closer together through technology, it is vital that we recognize
social and historical influences. Perspectives have heavily influenced scientific progression and

this will be a significant concept that students should understand.

With the introduction of any new course, a well defined curriculum must be set in place
to establish the goals associated with that course. This could be carried out by creating a course
with a laboratory, lecture/laboratory combination, or solely lecture-based curriculum. During the
lab portion of the course, students would work in groups, using a “hands on” approach and
experimenting in context with historically famous topics in biology. The class would last an
entire semester, and upon completion, students would receive two credits: one for biology and
one for history. This course in the History of Biology would meet twice a week for two hours
each class period. The first two-hour class of the week would be laboratory and group
collaboration based, with the second two-hour class of the week being based on lectures and
group discussions. This design would reinforce the idea of active learning while encouraging the
student to analytically work through problems faced in the laboratory setting. As explained, this
kind of learning has been deemed greatly effective in student development and information
retention. Depending on the topics specific to each week, however, this schedule would remain

flexible.

The idea of a course running for an entire semester and students earning two credits for
their project based work is already an implemented option at WPI. However, the ability to
receive credits from different fields of study is a concept that has been implemented at this
institute in the form of independent study projects. Advisors Michael Buckholt, Constance Clark,
and Jill Rulfs proposed this course in the history and biology to include more classes that offer
multidisciplinary approaches. Worcester Polytechnic Institute currently offers this type of course,
recognized as the Great Problems Seminars (GPS), which is registered as an FY course (first

year). The University of Mary Washington in Fredericksburg, VA offers a similar course titled
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The History of Biology and it is described as the “Chronological development of selected
biological theories and their impact on contemporary biology” (UMW, 2014). Other schools,
such as Massachusetts Institute of Technology, offer courses combining history with a specific
area of biology. For example, MIT offers a course called Anthropology of Biology (Heilmreich,
2012). Courses similar to MIT’s often do not include a laboratory section to reinforce concepts,
but instead focus on engaging in debates about the nature of life. Harvard University offers a
similar course entitled History and Anthropology of Medicine and Biology that investigates
approaches to the study of life in medicine and biology through a historical point of view
(Helmreich, 2012). Present day courses, like those shown above, offered in many different
institutions only teach the curriculum in a lecture-based format. The History of Biology offered

at WPI will include a laboratory setting along with a discussion section.

In addition to the invention and evolution of the microscope, another unit that can be
developed and presented is the Miller-Urey experiment. This project will also offer insight and a
presentation outline proposal into brief history of the famous Pasteur's ‘spontaneous generation’
experiment, as well as the discovery of plant transpiration. After completion of these units,
students may use the second half of the semester to develop and present their own research

projects.
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2. Materials and Methods

2.1.1 Introduction

The principle objective for the unit design was to reinforce active learning in a
multidisciplinary manner. This included the implementation of a hands on approach both in a
laboratory and discussion setting. Furthermore, specific approaches can be described as follows:

- Student exposure to original scientific documentation

- Contextualization of related historical aspects

- Discussion based learning through guided instructor questions and open peer dialogue
- Empbhasis on the scientific method

- Interpretation of data and results

- Reproduction of challenges faced by scientists in a laboratory setting

2.1.2 Multiple Approaches to Topics

This course takes advantage of several different styles of teaching to maximize the
retention of topics, while simultaneously putting science into a historical perspective. This can be
appealing to many types of students, some of which have different styles of learning. By
covering a wide variety of learning methods, the student will have a greater propensity to learn

necessary information.

These will include hands on learning through lab work, research learning by reading
original documents, and forum based learning in which the students are encouraged to discuss
specific topics. The end of the course will feature a project based portion which is meant to
facilitate personal research skills. This information will be presented to the class at the

conclusion of the students research.
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2.1.3 Original Documentation

The works of influential scientists are easily accessible in the modern day with the help
of contemporary technology. Including a portion of the course that focuses strongly on historic
information will be beneficial in achieving the intended learning goals. The material was
searched for through the use of WPI’s Summon program and include websites such as

www.nature.com, www.vanleeuwenhoek.com/letters.htm, and www.biodiversitylibrary.org.

2.1.4 Reinforcing Homework

The multifaceted learning approach to this course will feature homework assignments as
a supplementary method. The basis of this concept is to import context independent learning
through usage of methods including traditional homework assignments. These will incorporate
doing background research by reading journal articles or other historical literature pieces in
preparation for the lecture portion of a class. The goal is to make sure students are confident and
intelligible while speaking in discussion sessions. Additional assignments will include written
reflections on what was learned in class and completing provided worksheets. These were made

based off of the Leeuwenhoek letters for the microscope unit as well as on Micrographia.

2.1.5 Reflective Writing

Students will be expected to produce reflective writing pieces periodically throughout the
term. These will be strategically implemented after each course topic in order to reinforce the
information learned during class. The idea behind this particular writing assignment was that it is
designed to give the student options to showcase their own opinions and recall knowledge gained
through the course topics. Section 3.1.7 provides an example of a reflective writing assignment

students will be asked to complete.
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2.1.6 Classroom Discussion

A large part of in-class learning will be discussion based. Engaging students to participate
in open discussion forums encourages students to perceive their own stance on a given subject
while also facilitating and questioning their peers’ opinions. These will be driven by use of
prepared discussion questions that will help guide the students during the one hour time block.
The designed questions are open ended, within the confines of specific topics. Optimal
classroom discussion will be supported by students preparing and being knowledgeable on the

given topic through preparatory homework using background information (see section 2.1.4).

2.1.7 Concept Mapping

The importance of the concept map is to connect the discussed topics in the course and
relate them to the overall learning objective of the unit. The concept map demonstrates the
overall topic of the unit and connects the ideas that were learned in discussion, laboratory, and
outside work through a logical and visual flow. The map designed for the microscope unit
connects the different processes for magnification relative to the historical era and modern
advances. A possibility includes having the students create their own concepts maps for different
topics investigated in the course. An example for the microscopes and magnification unit can be

found in section 3.1.2.

2.1.8 Elaborative Interrogation

Elaborative interrogation was used as a discussion tool during class time to recall learned
information. Elaborative interrogation is a process by which “why” questions are asked in order
to support prior knowledge while relating it to new concepts (Menke, 1994) Using this style will
allow for students to discuss and reflect upon topics previously covered. Discussion sessions

were designed to be facilitated by the instructor with strong understanding of the importance of
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elaborative interrogation. Asking fundamental questions in pursuit of the root cause of a problem

or discovering underlying reasons during discussion are examples of elaborative interrogation.

2.1.9 Ongoing Assessment

Assessing progress as the course proceeds will be beneficial to both the students and the
instructor. CATME software was used to design separate surveys that would be administered
periodically throughout the course. This will help monitor the learning process of individual
students as well as the progress of groups in the laboratory section. The questions were designed

to basically inquire about the group dynamics and the status throughout the course of a project.

2.2.1 Laboratory Design

The unit designed focused on the development of microscopes. Key components include
the pre-laboratory procedures and reports. The pre-lab designed was geared towards getting the
students to think deeply about how to build something that can help them visualize details that
they cannot be seen with their eyes. The prelab questions start off simple and gradually become

more complex, while aiming to utilize creativity.

After the pre-lab assignment is complete, the students should have gained the appropriate
amount of insight required to design their own microscope. In order to prevent students from
realizing that they are building a microscope, the word “microscope” is purposefully not
mentioned in the assignment. This is critical because it can set up an environment similar to that
of the 1600’s when cells were magnified and viewed for the first time by Robert Hooke. Students
are instead asked to solve a problem: be able to view a cell by building an apparatus for
magnification. By not explicitly mentioning the word “microscope”, students will have the
freedom to think more creatively. During this era, a microscope with decent magnification was
novel and innovative. Building one of these microscopes required creativity and skills in both

engineering and physics.
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Depending on the required time for the first portion of the lab experiment, another lab
section may need to be allocated. In the second section, the student will be provided instructions
on how to build a modern microscope using an iPhone lense as well as a Chinese water
microscope. The inclusion of these two experiments will be to provide the students with more
experience about how microscopes can differ, mechanistically as well as structurally but can still
provide the same function. After this, a reflective writing assignment will be distributed. The
purpose is to have the students reflect on their experience in the lab and comment on similarities
and differences of the various microscopes they built. They will also be required to comment on

how they developed their design, why they chose to build it, and discuss their results.

2.2.2 Assessment

Assessing the course is a significant task. It will result in more supportive student aid for
projects as well as serve the instructor with an evaluation template of the students. CATME
software was used to create surveys that would help in appointing groups and in monitoring

group projects.

Proposed Questions for Formulating Teams:
1) How comfortable are you working in group settings?
A) Very comfortable
B) Mostly comfortable
C) Depends
D) Not very comfortable
E) Never comfortable
2) How much experience do you have working in lab environments (or equivalent
internship/project research in highschool or college)?
A) A lot(3+ years in lab)
B) Decent amount(1.5-3.0 years in lab)
C) Some (1.0-1.5 years in lab)
D) Barely any (.5 years in lab)
E) None (0 years in lab)
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3) What is your level of technical skill?
A) Excellent
B) Good
C) Average
D) Below average
E) Poor
4) How familiar are you working with the scientific method?
A) Very experienced
B) Good
C) Average
D) Below average
E) Poor

Do you have any undergraduate background in life science courses?

A) Yes

B) No
Do you have any background in AP history or other similar courses?

A) Yes

B) No
Have you ever worked in an active learning environment (class environment that promotes
student engagement through various methods like discussion, hands on activities, and
problem solving exercises which deviate from the traditional lecture style)?

C) Yes

D) No

A peer evaluation form was also designed to gather important information from students
about their group work in order to detect any dysfunctional teams and problems early. This is
intended to be completed by all group members/ partners individually. The evaluation form

designed is shown below.
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Peer Evaluation Form

Please provide accurate evaluations on both the students individually and

your group in total.

Group
Members:

Evaluator:

Please rate

below as accurately and

honestly as possible.

Criteria

Weak Satisfactory  Strong

Understood the goals/purpose of
the experiment

Was motivated and interested in
the experiment

Provided sufficient help during
brainstorming time as well as the
experiment

Was inclusive with the group
members . B
Completed their portion of the
assignment within the allocated
time period
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Please rate

honestly as possible.

below as accurately and

Criteria

Weak

Satisfactory

Strong

Understood the goals/purpose of
the experiment

Was motivated and interested in
the experiment

Provided sufficient help during
brainstorming time as well as the
experiment

‘Was inclusive with the group
members

Completed their partion of the
assignment within the allocated
time period

Please rate how well you think the group performed:

5 4

Please indicate how you believe the work was distributed amaong members:

3

Please indicate if you have any concerns about the group or a group

member:
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2.3.1 Microscopes and Magnification Lab Experimental Procedure
The main experiment for this unit will be building a microscope. A general procedure
that the students will follow after they have attempted to design their own microscope is shown

below:

1Phone Microscope

To build the stand microscope apparatus a 3/4” x 7 x 7” sheet of plywood is necessary.
Measurements should be taken and marked % from the sides and front edges. The camera stage
will be made from a 1/3” x 77 x 7” sheet of Plexiglas with another 1/3” x 3” x 7” sheet
underneath it that is extended %4 over the base. The bottom piece functions as a stage for the
specimens to be viewed. The whole plywood sheet should be drilled at the markings and turned
over to countersink the holes. Afterwards, a hole slightly smaller than the lens should be drilled
¥ from the front edge of the camera stage and in line with the bolts. Sandpaper can be used on
the lens to make it slightly smaller if necessary. Make sure that the iPhone camera lens is lined
up with the laser pointer lens. A shallow hole should be drilled into the Plexiglas for light entry.
Then the 3 carriage bolts (4 1/2” x 5/16”), 9 nuts (5/16) and 5 washers (5/16”) can be put into
place (Mosher, 2011).

Water Drop Microscope

The materials used are two clothespins, a stiff piece of plastic, glue/double sided tape, a
block of wood, a flashlight, a sheet of cardboard, a small square of aluminum foil, and a glass
slide. Begin by cutting a stiff piece of plastic and hole punching through the center. The plastic
piece is then glued to the end of one of the clothespins where the hole hangs over the end. The
rest of the clothespin is then glued onto the plastic so it can be secure. One edge of the aluminum

foil is then glued to the edge of the cardboard and angled so it is reflecting onto the slide. The
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other clothespin is taken apart and put in between the glued on clothespin. Use a flashlight, or

light source, to reflect off of the aluminum foil up to the water droplet (Dingley, 1995).

3. Results

3.1.1 Tentative Class Schedule and Units

Review syllabus, discuss lab portion of course, form

Course Review Class 1 groups

Prelab due. Brainstorm with a group and build a
Lab 1 microscope. Build the modern and chinese
microscopes

Looking Through the Lens:
Microscopes & Magnification

Learn about Microscopes, Telescopes, and lenses.
Microscopes & Magnification Class 2 Discuss the Long Route to the Invention of the
Telescope

Intro to the Guinea Pig’s Discussion Groups for chapter 1 and the scientific

Class 2

History of Biology method.
Guinea Pl.g s History of Class 3 Discussion Groups for chapter 3.
Biology
. S
Guinea Pl.g s History of Class 4 Discussion Groups for chapter 8. Problem set 2 due.
Biology
Creating Life: The Lab 2 Discuss with group how to perform the Miller
Miller-Urey Experiment experiment. Set up the apparatus and run it.

Class discussion about the Miller-Urey experiment and
Success or Failure? Class 5 how science is truly performed. Review scientific
method and proper lab notebook keeping.

Disproving Spontaneous Discuss the theory of spontaneous generation and why

. L . .

Generation ab 3 it persisted.

The Survival of Plants: Lab 4 Discuss with groups how to assay and demonstrate the
Transpiration process of transpiration.

Discussion of the basic physiological processes
The Survival of Plants Class 6 associated with plants with emphasis on transpiration
as conducted in lab.




3.1.2 Concept Map

Spectacles

Inventors: Hans
Lippershey,
Zacharias Jenssen,
Jacob Metius

Innovators:
Newton,, Galileo,
Chester Moore
Hal

Inventors and
Innovators of the

Magnification

Telescope

}

Telescope

—

Health issues,
such as eyesight
problems

Visualize small
objects, such as
cells and bacteria

=

Microscopes

e

View far away
objects such as
the moon and
planets

Leeuwenhoek's
Microscope

Chinese Water
Microscope

Compound
Microscope

The concept map above was designed to visually make connections between topics

Field Emission

Electron
Microscope

Reflecting
Telescope

Refractin
Telescope

Newtonian
Telescope

included in this unit. Links are made between the microscope, telescope, and spectacles in order

to best describe the different optical designs. All possible topics can be discussed in more detail

throughout the course, however only those focusing on microscope design were implemented in

the unit.
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3.1.4 Homework Assignments
This is an example of a homework assignment that would be given out for the Van
Leeuwenhoek experiment. The questions designed were purposefully made vague and do not

include answers because they are based on the student’s opinions.

Name Date

Van Leeuwenhoek reading assiecnment

For your assignment pick one or more of the van Leeuwenhoek letters to read. The Letters can be

found here http://www.vanleeuwenhoek.com/letters.htm

Then answer the following questions:

1. Which letter did you choose to read? Why?

2. What was the letter about? What exactly did Leeuwenhoek see in his microscope?
3. Why do you think this letter was written?

4. Who do you believe was the target audience?

5. What are three interesting things that you learned from reading the letter?
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6. Imagine you are one of the people reading this letter, at the time it was written. What

would your thoughts be?

3.1.5 Microscopes & Magnification Prelab

1. What are some potential ways to increase total magnification of an object?

2. What types of materials would have been available during the time period when the first

magnification devices were being invented?

3. What are the main components required to magnify the image of an object? What are

some possible tools or materials that could be used for each component?

Solutions

1. What are some potential ways to increase total magnification of an object being viewed?
a. Placing multiple lenses in front of one another
b. Changing the shape (concavity/convexity) of the lens

c. Using different materials to create a ‘lens’

2. What types of materials would have been available during the time period when the first
magnification devices were designed?
a. Glass (not custom)
b. Scrap metal
c. Wood
d. Nails
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3. What are the main components required to magnify the image of an object? What are
some possible tools or materials that could be used for each component?
a. Lens- glass, water
b. Stand- wood, plexiglass, metal

c. Viewing platform- wood, plexiglass, metal

3.1.6 Laboratory Experimental Handouts

iPhone Microscope (Mosher, 2011)

Materials:

3 Carriage Bolts (4 1/2” x 5/16”)

9 Nuts (5/16”)

5 Washers (5/16”)

Plywood (3/4” x 77 x 77)

2 sheets of Plexiglas (1/3” x 37 x 7”7 and 1/3” x 77 x 77)
Laser Pointer

LED light

Drill and assorted bits

Ruler

Sandpaper (if necessary)

Experimental Procedure

In order to build a microscope a lens is needed. The earliest microscope models were

handmade with glass blown lenses. Unfortunately, students cannot do this without any

experience in glass blowing prior to the lab. An easy solution for obtaining a lens is by
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purchasing inexpensive laser pointers. The laser pointers can be taken apart and the lens can be

removed and then used in the microscope model.

To build the stand microscope apparatus a 3/4” x 7 x 7” sheet of plywood is necessary.
Measurements should be taken and marked %2 from the sides and front edges. The camera stage
will be made from a 1/3” x 7” x 7” sheet of Plexiglas with another 1/3” x 3” x 7” sheet
underneath it that is extended %4 over the base. The bottom piece functions as a stage for the
specimens to be viewed. The whole plywood sheet should be drilled at the markings and turned
over to countersink the holes. Afterwards, a hole slightly smaller than the lens should be drilled
%" from the front edge of the camera stage and in line with the bolts. Sandpaper can be used on
the lens to make it slightly smaller if necessary. Make sure that the iPhone camera lens is lined
up with the laser pointer lens. A shallow hole should be drilled into the Plexiglas for light entry.
Then the 3 carriage bolts (4 1/2” x 5/16”), 9 nuts (5/16”) and 5 washers (5/16”) can be put into

place.

After the model has been built, examine and draw out samples of cork, blood, insects,
and a piece of food. Draw out everything to the best of your ability because cameras were not
available to early scientists. Discuss your experience with fellow group members. How has this
influenced your view of how science was performed in the 1800s? How does this microscope

compare to the model you designed?

3.1.7 Water Microscope Experimental Handout (Dingley, 1995)
Materials:

Two clothespins

Stift piece of plastic

Glue or double sided tape

Block of wood
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Flashlight
Sheet of cardboard
Small square of aluminum foil

Glass slide

Experimental Procedure

First, cut a piece of stiff plastic and punch a hole (using a hole puncher) through the center of the
plastic. Then, glue the plastic piece to an end of one of the clothespins so the hole hangs over the
end. Secure the clothespin onto the block of wood using glue. Next,

glue one edge of the small piece of aluminum foil to the edge of the cardboard, then angle the
aluminum foil so it is reflecting onto the slide. Take apart another clothespin and put it between
the existing clothespin (this will allow focusing over the water droplet). Finally, point a flashlight

so it reflects of the aluminum foil and up to the water drop.

After the model has been built, use it to examine and draw out samples of cork, blood, insects,
and a piece of food. Draw out everything to the best of your ability because cameras were not
available to early scientists. Discuss your experience with fellow group members. How has this
influenced your view of how science was performed in 2000 B.C.E.? How come these
microscopes were designed so early in China? What sort of influence do you think Chinese

inventions would have in Europe if they were not so isolated from them?

3.1.8 Creative Writing Assignment

Choose one of the following and write at least two pages using APA citations when

appropriate.

1) Place yourself in the time frame of the 17" century. Except, you have at the disposal of

your scientific toolbox the current array of technologies of the 21* century. That is, you
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have the knowledge of modern technology, but it is not physically at your disposal.
Within this historical context, and based off of what we discussed in class, propose a
possible solution to what Leeuwenhoek solved, but in a more efficient manner. Would
you find any difficulties recalling how devices of the 21* century are designed and made?
What is the likelihood that you would be able to recreate modern tools and approaches?

Describe some obstacles you might face in the construction of materials.

2) Instead, put yourself in the context of modern day. Assume a scientist of the 17th
century was in the present-day, but only had the knowledge of their era available
to them. How would they react to current technologies? Would they be able to
advance their way of thinking? What difficulties might be faced in adapting to the

advanced environment?

3.2.1 Van Leeuwenhoek’s Letters

Van Leeuwenhoek was an important figure in the history of biology designing a powerful
microscope during his time and being able to visualize cells amongst other things. Without him,
the field of biology could have been at an impasse: only able to study living creatures at the
macroscopic scale.

Leeuwenhoek was the first person to observe cells underneath the microscope. Instead,
Van Leeuwenhoek had to publish to the Royal Society of London, an organization dedicated to
the advancement of natural knowledge. When Leeuwenhoek initially published his findings on
animalcules or “little animals” and the royal society was largely skeptical of his findings.

The letters that are used for class discussion and/or homework assignments are included

in the appendix. Shown below is a photo of Antoine Van Leeuwenhoek.
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Figure 4- Antoine Van Leeuwenhoek (“‘Leeuwenhoek”, 2006)

3.2.2 Hooke

Robert Hooke was alive during the 17th century (July 28, 1635- March 3, 1703) and was
a philosopher and scientific researcher. Hooke was a physicist who discovered the law of
elasticity (Robert Hooke, 2014). He is best known for first using the term ‘cell’ in his book
Micrographia. He identified these ‘cells’ while examining thin slices of cork. He was able to
examine these items using the microscope he built. Hooke was involved in scientific research at
Wadham University in Oxford (Microscope, 2010) where he initially worked on vacuum pumps,
performing experiments dealing with Boyle’s Law.

His original microscope had a design similar to those of today’s microscopes, based upon
the same general concepts of refraction and magnification. The resolving power of his original
microscope was estimated to have been around 100nm, judging by the detailed drawings he was
able to produce from the microscope images. For further information, see Micrographia in
Appendix II.

It is important to note the immensity of Hooke’s achievements in designing, building, and

using this early microscope. During the 17th century, there were no factories to specialize parts
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for his microscope. Thus, any material needed had to be designed and forged by hand to even
begin building the microscope. Also, cameras were not available to capture the images seen
under the microscope lens, thus Hooke showcased his impressive drawing skills and perfectly
reproduced what he saw under the microscope by hand.

Shown below is an image of Robert Hooke the year he published Micrographia.

Figure 5: Robert Hooke (“Microscope History: Robert Hooke”, 2010)
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4. Discussion

4.1 Overview of the Course’s Design

The original goal of this Interactive Qualifying Project was to develop a unit for a course
that strayed from the paradigm of lecture-based teaching. The developed unit and other project
ideas featured a modern college course design. Although Worcester Polytechnic Institute already
offers a Great Problems Seminar (GPS) course, it was necessary to design a more practical class
that featured two common requirements that students need in order to graduate: a humanities and
science credit. The second goal of this course was to expose students of many different types of
majors to STEM based learning involving project design in their first year of college. This
discussion aims at dissecting the designed elements and relating them to the initial concepts and

problems in the field of education in a technological society.

The History of Biology was specifically designed in an effort to create a course that
would stimulate students’ interest in the sciences and increase their understanding of historically
notable experiments. The semester long course implemented critical thinking skills and active
learning in the introductory unit: Microscopes & Magnification. Incorporating the biology lab,
which included experiments relating to both engineering as well as other sciences, served the
important purpose of providing hands on activities to further promote active learning to the
students. The CATME based surveys are expected to be very effective when implemented in the
class and should help prepare student groups based on variable learning levels and experience.
The group analysis surveys were also shown to be very useful in gathering team feedback and
evaluations that will provide instructors with an understanding of how the students are

performing.
The ability to gain feedback early on throughout the course is an important feature. The
inclusion of CATME will most importantly provide professors with the ability to catch any

group problems that arise early in the course. Another company that also provides surveys can be
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chosen. This tool is essential especially during the first runs of the course where the majority of
problems are expected to occur. Hands on History may result in controversies as it is taught with
the inclusion of humanities and sciences, an equality of the two disciplines may not occur. In this
case, students may receive more knowledge in one field than the other. The sequential
administration of evaluations will help to monitor learning levels and provide professors with

information on where the course is lacking or needs further improvement.

The second half of the semester for the History of Biology was designed to have students
research and document their findings on a research project of their choosing. Much like a GPS,
they will present their findings to the class along with other important historical details and
implications involved in the project. The peer evaluation form, from section 2.2.2, will be very
useful in analyzing student thinking and help the instructors manage students’ group work and
team effort equality among all members. This is important in being able to quickly and

efficiently solve any problems that come up throughout the research project.

Training students to work in teams will provide valuable skills. Some of the core values
of Worcester Polytechnic Institute are aimed at the development of group work adeptness formed
by the constant growth in creativity and critical thinking skills. Students taking the History of
Biology will gain all of these skills. The class will function in many ways like a GPS, but will
also provide students with a deeper understanding and appreciation of how science really works.
The unit and other experiments developed helped match the goals aimed by the course. The
development of those experiments and lessons strived to provide the students true scientific
experience that is also accompanied by the failure and obstacles associated with scientific

inquiries and pursuits.
The IQP team believes that the original goals set for the class were met. The unit

developed, Microscopes & Magnification, is analyzed in the next section in detail for its ability

to be successful and why certain parts were included.
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4.2 Microscopes & Magnification Unit

The discussion section of the unit incorporates both scientific and historical background
on microscopes and notable scientists who contributed to its innovation and implementation in
research. An important concept that students will gain through the historical background section
of discussion is that scientific discoveries were often fueled by common problems present at a
specific time period. One such problem can be a medical necessity. As people aged, their
eyesight worsened and many inventors strived to develop lenses that would help the elderly see
(Willach, 2008). Along with this, as people became more literate there was further demand for
objects that would help magnify text. Understanding that the development of science is often
coupled with basic necessities of a population at a specific era is important for students to grasp.
This will help them dissociate from the common misconception that science is performed by

geniuses that simply get miraculous ideas leading to technological innovations.

The scientific and historical discussion component also includes periods of time devoted
to discussions. These discussions may be done amongst student groups or the class as a whole.
The purpose of these discussion periods is to stimulate critical thinking skills. An example that
was presented in the Magnification unit was to develop some ideas revolving around the
similarities and differences amongst Newtonian, Catadioptric, and a simple refracting telescope.
This sort of discussion should help stimulate the student’s observational skills as well and
introduce them to communicating their ideas to their peers and professors early in their college

carcer.

The laboratory portion of the unit was designed to provide the students with a hands-on
experience in order to have them better understand both the experiment and the scientific
process. The Microscopes & Magnification lab, like some of the other labs which are included in
the appendix, revolve around the concept of the students designing their own experiments. The
teaching assistants (TAs) will help guide them in the correct directions when necessary, but it is

mainly going to be the students that will figure out how to run the experiment. The microscope
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design section will feature the students brainstorming the components of a microscope before
they build one. After they have designed their own, students will be provided instructions for
building a more modern microscope that utilizes an iPhone camera along with an older styled
water-drop microscope. The goal is to have them understand and more efficiently grasp the
knowledge behind how a microscope works and what makes different types of microscopes
unique. Using this method of learning with a hands-on experience is more effective for the
student’s educational advancement. By building the water-drop microscope, they will learn about
Chinese history, where the water drop microscope was developed. Further, a debate of why this
model serves as a useful tool and how this may or may not have helped develop novel advances
in microscope technology will be discussed. This will allow students to compare cultures and

how needs and environment affected the technology they produced.

Another important and unique aspect of the Microscopes & Magnification unit is that the
laboratory section will be run before the background information is provided. This will require
the TA’s to be better skilled in aiding the students’ development directly into the subject matter.
It is expected based off of research on college course design that it will be more advantageous to
the student’s understanding of the subject matter. It is imperative that the information offered
during a course is retained and that the skills gained are not lost immediately or soon after the
course ends. Having the students perform more difficult tasks without any background
information is expected to have a lasting affect on them as well as improve the amount of facts,

details, and knowledge they retain later when they are exposed to the lecture.

Although the Microscopes & Magnification unit was not tested on WPI students, due to
insufficient time left to sign up people by the end of the project date, an exemption for the IQP
investigation study was received from the Institutional Review Board (IRB), see appendix I, at
WPI. This will allow any future students to run a test lab on Microscopes & Magnification as
well as gain valuable data and results. It is important to find how students react to the lab and if

the lab was successful at achieving the initial goals.
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4.3 Possible Course Alterations

A possible solution to fixing the scheduling conflicts may be to offer this as a term long
course instead of a semester long one. It may attract more students and appeal to more diverse
majors. Such an option would include a deduction of the amount of credits that could be offered.
It may be possible to either alter the time allotment per lab period or decrease the amount of labs

offered during the course.

Because the majority of the course is aimed at hands-on learning activities, it may be
more beneficial to allocate lab time than discussion time. This will step away from an

uninteresting lecture themed course and be more heavily geared towards active learning.

It may be more necessary to find ways to effectively advertise the course to all majors. It
could even be more beneficial to encourage freshman and sophomores to take this course in
order to fulfill their graduation requirements. A key to doing so would be to have professors in
all majors, the Career and Development Center (CDC), and/or advisors at WPI speak about the
course and its usefulness in not only providing major requirements but also providing lifelong

skills.

4.4 Unit Designs and Alternative Experiments

Three other possible experiments were created that mimicked the goals of the
Microscopes & Magnification unit. The first of these is the recreation of the Miller-Urey
experiment. The significance of this experiment is introducing students into biochemistry early
in college. This class, in particular, is not offered until the third year at WPI. Being able to be
exposed to biochemistry earlier in college may help some students who struggle with choosing a
major. This experiment will also help students learn more about how biology was studied in the
1950s and how most scientists at the time heavily relied on physics and engineering when setting

up their experiments.
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The Miller-Urey experiment was published at a time when science and the ideas of the
creation of life were being reformed. As scientists pursued more modern ways of thinking and
researching they discovered some crucial answers for the most popular question: what were the
building blocks of life? One of the first solutions to this, albeit incorrect, was that proteins
contained the genetic information necessary to store genetic information. The Miller-Urey
experiment generated amino acids from simple organic compounds. Amino acids chains fold into
proteins and so this famous experiment provides a solution for how life can form because the
results of the famous Miller-Urey experiment indicated that proteins were the first molecules
formed during primordial earth (Miller, 1953). Mimicking early earth conditions, such as
lightning hitting the atmosphere, and using only methane, water, ammonia, and hydrogen,

Stanley Miller was able to generate and purify alanine, glycine, and aspartic acid (Miller, 1953).

Performing this experiment, as Stanley Miller did, involves an expertise in glassblowing
as well as the formation of a unique distillation system. The goal was to have the students
brainstorm certain reactions using simple organic compounds in an attempt to develop amino
acids. There are ample possibilities for creativity in the experimental design for the Miller-Urey
lab. There are several alternative ways to build a similar apparatus to what Stanley Miller

designed that would result in formation of amino acids at the end of a reaction (Miller, 1953).

This experiment features working with the engineering design process. Students have the
chance to go through the steps of identifying the need, researching the problem (i.e. how to make
a distillation system and apply energy to it), developing possible solutions, selecting and building
a prototype, testing the products formed (by thin layer chromatography), and redesigning as
needed. A lab of this magnitude should run over the time frame of a week. An important note
about this is that the students would not be provided with any sort of protocol, background
information, or a lecture from the professors until after the lab portion has been completed. This

allows for them to really experience raw science and includes how to cope with failure.
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Designing and redesigning will be necessary throughout the Miller experiment. This is done to

show how much scientists struggle before they get tangible results.

Another possible route to take for performing the Miller experiment lab is putting out
many different types of distillation materials, gases, and other tools and having the students try to
conceptualize how they can build something with available resources. This may frustrate
students, but it will also help push them to think more creatively. After the lab period is run the
professors will teach the lecture. This should include a discussion that will have the students

communicate their thoughts and ideas about the lab.

4.5 Teaching and Learning Analysis

The most difficult and important aspect of the History of Biology class was to analyze the
teaching methods implemented in the unit designed. The problems with college courses, offering
both history and biology, are providing material in a lecture-based form where the professor talks
throughout the class and only provides factual data. The idea to solve this was to merge a
laboratory with a lecture. The solution presented in Microscopes & Magnification implements
critical thinking skills as well as active learning. The microscope labs are simplistic and allow
the students to perform creative thinking before receiving any concrete instructions. Enabling
students to design and build their own microscopes complements many of WPI’s core values
such as developing leadership skills, research skills, and peer collaboration. Students will gain
experience working in teams and using the engineering and design method. The last portion of
the class will involve them designing their own project and performing the necessary research.

This is important for helping them improve their skills in scientific writing.

The history portion of the class featured a creative approach to learning about important
historical events that were crucial to the development of modern technology. The students will
get the opportunity to get immersed into history with direct exposure to first hand accounts by

scientists as they were working in the field. The Von Leeuwenhoek letters and Hooke's
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Micrographia allow them to read about not only how science was performed at the time, but also
about the methods that were used to analyze nature. The class discussions on their reading
assignments will also help promote active learning. As the students participate in class they will
be increasing their confidence while also achieving a stronger foundation for learning the
material. Communicating about how scientist performed in their environments will help the
students gain a better appreciation for science, while also teaching them that it is not always
easily carried out. Experiments and analysis take time and effort. This is also a key thing they

will learn in the lab portion of the course.

The designed unit accurately strayed from the general college class design. The important
addition of having the students perform the lab prior to the class will not only allow them to gain
skills in problem design and critical thinking, but also open their minds to the concept that
science is an inclusive human enterprise and is not only performed by the elite geniuses. This
class, if offered globally, will change the way students perceive the STEM fields. Having the
history background to important developments in technology will help them appreciate research
and hard work. It will also provide the students with the confidence they need in life to pursue

projects and persist throughout if problems arise.

Analyzing how the students learn the material will be difficult until the course is run for a
few years and the data collected through CATME along with course evaluations is reviewed.
Based on the unit where the students build two different microscope models The students should
effectively understand the science behind how magnification works in a lens based system that
they design on their own and the two others that they build for comparison. By struggling to
think of and create their own solutions to building a microscope (before they are given formal
instructions on how to do so) they should gain an appreciation for the difficulty of project design
as well as learn that working hard and resisting temptations to give up are the true keys to
success in college and in life. The struggle in the laboratory will provide them with the
experience they need prior to the lecture. The historical background will be emphasized in

lecture, but in this course class discussion periods were included in order to stray from a situation
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where the teacher is the only one talking. The students should be more inclined to speak about
their ideas after having experienced the laboratory portion of the class. The homework and
creative writing assignments will also help them assimilate all of the information that was
provided throughout the course meetings. In order to help guide them, as well as prevent them
from experiencing information overload, concept maps can be provided throughout the
discussions or the students can design their owns for each topic covered. The example made for
the magnification unit (section 3.1.2) outlined some scientists and ideas that would help acquaint

the students with the material.

Merging the students experience in laboratory with the historical context is expected to
be highly effective in retaining the information learned after the class ends. After the course, the
students will be much more qualified in the sciences and humanities and will be more cultured as
people in the world. The lasting effects of the class will result in positive impacts on a student’s

life and journey through their other college courses.

4.6 Future Work

Continuing expansions of this IQP are necessary, as no project of this scope is without
flaw or overlooked information. In regards to the unit design, we would like to propose an
alternative expansion of the microscope lab that students would be required to perform. An ideal
lab would consist of students being able to construct their individual microscopes from scratch,
as well as simultaneously distributing knowledge through collaboration. As discussed in our unit
design, it is imperative that each student is responsible for their own unique scientific approach
towards the problem; a more encompassing design would draw out each student’s advances as
they occur for the benefit of the entire lab section. The rationale for this future alteration is that
we believe a good representation of how modern science works is through communal discourse.
While certain inventions, especially historically, have been made under intense secrecy, no
invention or discovery has ever happened without some degree of cooperation. The modern

pursuit of science has made a shift to be more inclusive of related scientific advances. It is
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through this shared method that progression takes place at an accelerated pace. While our goal in
this IQP microscope lab design was to create a historically accurate setting where the entire lab
section would only be allowed minimal collaboration, a possible variation to this lab may
actually be more beneficial to the students’ learning careers. A certain historical perspective may
be slightly compromised for the purpose of a team oriented approach that would accelerate

microscope optimization.

The historical perspective that is highlighted in our unit design should not be disregarded.
This alternative microscope lab unit proposal is merely a tweak that may or may not be
implemented at the instructor’s discretion. The obvious importance of peer collaboration and
group work does not stop at an increased rate of scientific expansion. The potential benefits
students may harness from joint work may outweigh the critical historical viewpoint gained from
working individually. This alternative design is notably in accordance with WPI’s ideals as being
a research focused institution with an interdisciplinary, team-oriented approach to solving real

world problems.
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5. Conclusion

The original goals of the course featured presenting students with a class that would
actively engage them. In a technological society, it is often the case where many people believe
that STEM topics are only available to the elite of society. An important aspect of the History of
Biology is that it presents the students with the ability of visualizing science as an endeavor of
hard work where there is a lot of failure. The historical background offered in the course, along
with the practical laboratory section, ensures that it will have a lasting effect on a student.
Globally, this class could alter the lives of students who do not go to a technological school by

allowing them to understand how science really works and make it an approachable field.

The Microscopes & Magnification unit embodied the active learning ideals by
incorporating the engineering design process, two different solutions at building a microscope,
and class discussions during the historical background information period. This new way of
having students process problems before being handed the solutions will ensure that they fully
grasp a subject. The long lasting effects of the course will positively enhance a student’s

experience in college as well as in the humanities and sciences.

In addition to this unit, a sample for another possible unit was included in Appendix 2.
This focused on the Miller-Urey experiment and was chosen because it is generally unknown by
first year students. It also depicts an important time in scientific history where research is truly
evolving. The students can access some historical documents so they can gain an appreciation of
history in the 1950’s. This experiment provided proof of abiotic evolution. It also showed how a
scientist’s environment could alter experimentation and results. Peer evaluation and criticism
was very important in altering what was accepted and what wasn’t. A great historical example
was when Galileo noticed that the earth revolved around the sun, not the other way around as
was commonly believed by the church. He was punished for his findings and it took a while

before his “drastic” views at the time were accepted.
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7. Appendix I.

I. IRB Application
WORCESTER POLYTECHNIC INSTITUTE WPI IRB use only
WPI Institutional Review Board RBW __
Human Subjects Research Exemption Application | P9

Principal Investigator (PI) or Project Faculty Advisor: :mnw«w must bo a WP employae)
E-Mail
Mame: Jill Rulfs TelNo: _SOBA315786 Addross: _rulfsg@wpl.odu

Deportment: _Blology

Co-Investigator(s): (Co-Pi{sinon studants)

E-Maiil
Mama: Michaal Buckholl Tel Mo: _S50B8316429 Address: _mbuck adu
E-Mail
Mame: Conslance Clark TelNo: 5088315712 Address: _cclari@wpl.adu
Student Investigator(s):
E-Mail
Mame: Ingrid Marko Tol No: _508-713-2604 Address: imarko@gwpl.adu
E-Mail
Mama: Shannon Guartin Tel Mo:  _T74-573-8210 Address: _shguertinfwpl.edu

Check if: (5] Undergraduate project (MQP, IQF, Suff, other) QP

[] Graduate project {M.S. Ph.D., other)

Has an IRB ever suspended or lerminated a siudy of any invesligalor Ested above?
No B ves [0 (Attach a summary of the even! and resclution.)

Vulnerable Populations: The proposed research will involve the following (Check all that apply):
pregnani women [  humanfetuses [J  neonales [ minarsichildran prisoners
students [ individuals with mental disabilities [J individuals with physical disabiiies []

Collaborating Institutions: (Please list all collaborating Instifutions.)

Locations of Research: (If at WP, please indicate where on campus. If off campus, please give defails of iocations.)
Goddard Hall

Project Title: History of Biology

Funding: (If the research is funded, please enclose one copy of the research proposal or most recent draft with your
application.)

Funding Agency: WPI Fund:

Human Subjects Research: (Al sludy personnel having direct contac! wilh subjects must fake and pass a lraining
course on humen subjecls research. m:-mnm* d bradning that can be accessed undear the
Training fink on the [RB wab site htlpf i imy. The IRB requires a copy of the
eammumuﬂmuhmﬂncmuwmﬁquwwlm}

Anticipated Dates of Research:

Start Date of End Date of

Research: 4182015 Ressarch: 4222015
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WORCESTER POLYTECHNIC INSTITUTE WP IRE use only

W Institutional Review Board IRE &
Dada:

Human Subjects Research Exemption Application

INSTRUCTIONS: Answer all questions. Il you are asked lo provide an explanation, please do 50 with adequate
details. If needed, attach itemized replies. Any incomplete application will be returnad.

1) Applicable Exemplion Number: Please provide the applicable exempition number firom the Est below which best
describes the reasons your research is exempl from [RB review.

Examption Number : [1]

Complete Text of Exemptions List
(from 45 CFR Part 46)

1. Research conducted in established or commenly accepted educational seffings, involding normal educational
praciices, such as (1) research on regular and special education instructional strategies, or (i) research on the
aﬁmmdwmmmmmmm curricula, of classroom management

2 Rawarmlmuhrhgﬂwmufmwmm{wmm aplitude, achisvement), survey
procedures, inlerview procedures or observation of public behavior
a}nhmmmmmﬂmhmhammmmmhmmww
idantifiers linked fo the subjects; and
b.) any disclosure of the human subjects’ responses culside the research could reasonably piace the subjects
al risk of criminal or civil liabdity or be damaging to the subjects’ financial standing, employability, or reputation.

3. Research involving the use of educational tests (cognitive, diagnostic, aptitude, achisvement), survey
plwadums.Mwmuu.wMMMﬂanMhmmmm{bﬂj
of this section, if:

a.) the human subjects are elecled or appoinled public officials or candidates for public office; or
b.) Federal stalute(s) require(s) withoul exception thal the confidentiality of the personally identifiable
information will be maintained throughoul the research and thereafber.

4. Research invalving the collection or study of existing data, documents, records, pathological specimens, or
diagnostic specimens, if these sources are publicly available or if the information is recorded by the investigator
in such a manner thal subjects cannol be identified, directly or through identifiers nked to the subjects.

5. Research and demonstration projects which are conducied by or subject to the approval of Department or
Agency heads, and which are designed to study, evaluate, or olherwise examine:
a.) Public benefil or service programs,;
b.} procedures for obtaining benefils or services under those programs;
c.) possible changes in or allernatives to those programs or procaedures; or
d.) possible changes in methods or levels of payment for benefits or services under those programs.

6. Tasle and food quaBly evaluation and consumer acceptance studies,
a.) if wholesome foods without additives are consumed or
b.} if a food is consumed that contains a food ingredient a1 or below the level and for a use found 1o be safe, or
agricubiural chemical or environmental contaminant at or below (he level found o be sale, by the Food and
Drug Administration or approved by the Environmental Protection Agency or the Food Safety and Inspection
Service of the U.S, Department of Agriculture.

2.) Purpose of Study: (Please provide a concise slalement of the background, nafure and reasons for the proposed
study. Insert balow using non-technical language thal can be undersfood by non-scientist members of the IRB.)

The study will be used lo test a potential engineering experiment (bullding 2 microscope) while studying the
historyfsclentific background associated with the experiment. Baeing able lo undarstand what kind of guidancs luture
sledents in the class may need is necessary in order to run the lab efficiently. The fime it will lake o run the experiment
will also be manitored along with their reactions fo the study, it is important 1o know If they gained any intellectual value
from it with emphasis on the Inlerdisciplinary chalenge of the experiment.

An ancnymous and shorl survey will be presented at the campus center for siudents to fill pul. Their responses will help
show what studenls think aboul a semesler long course in both hislory and biclogy and provide a decent indicator an

W B reviaed OGTUTO TR
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WORCESTER POLYTECHNIC INSTITUTE WF IRB use only

W Institutional Review Board IRE#
Date:

Human Subjects Research Exemption Application

axpactad number of students thal may sign up for tha course,

3.) Study Protocol: (Please allach sulficient information for effective review by non-scientis! members of the IRB,
Dafing all abbreviations and use simpde words. Unless justification is provided this pavt of the application musi not
excead 5 pages. Allaching seclions of a grant application is not an acceptable substitute.)

4.) Subject Information:

A} Please provide the number of subjecls you plan lo enrall in this sludy and describe your subject population, (eg.
WP studenis, WPl stalf, UMASS Medical palient, other)

Males: 10 Femalas: 10 Dascriplion: WP sludents

B.) Will subjects who do not understand English be enrolled?
Mo [ Yes [] (Flesss insert below the language(s) that will be franslated on the consent form.)

C.) Are ihera any circumstances undar which your study population may fesd coarced into participating in this sfudhy?
Mo [ Yes [ (Pleass insert below a description of how you will assure your subjects do nol feel coarced.)

D.) Ara lhe subj at risk of harm i their participation in the study bacomes known?
Mo [ Yes (Please insert below a description of possible effects on your subjecis.)

E.) Are thera reasons for excheding possible subjects from this research?
No B Yes [ (W yes, please expiain.)

F.) How will subjects be recruited for participation? (Check alf that apply.)
[ Direct subject advertising, including: (Please provide
a copy of the proposed ad. Al direct subjec! advertising

B Refarral: (By whom)  Group Membaers musf be approved by the WPl IRE fo usa,)
O cuher: {identiiy) O Mewspaper Bulletin board
[ Database: (Describe how database popuiated) [ Radio Flyers

[ Telavision Lalters
Have the subjects in the database to b contacted O ivernet O E-mail

for research projects? Mo [ Yes Mia ]

G.) Are the subjects being paid for pnllﬁlat’ng’f (Consider alf of reimbursemearn, ex, stipand, parking, travel )
No[] Yes [E (Checkall that apply.) [JCash [JcCheck [ Giftcertificate [E Other: _candy
Amount of compensation 310

5.) Potential Risks: (A nsk s a potential harm thal a reasonable person wouwld consider important in declding whether
o padticipale i research. Risks con bo colegorized as physical, psychological, soclological, economic amd legal, and

include pain, stress, invasion of privacy, embarrassment or exposure of sensitive or confidential data, AN poteritial risks
and discomforts must be minimized to the greatest exten! possibie by using e.g. appropriate monitoring, safely devices
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Institutional Review Board IRB ¥

W WORCESTER POLYTECHMIC INSTITUTE WPI IRB use only
Human Subjects Research Exemption Application | D#

and withdrawal of & subject If there [s evidence of 8 specific adverse event.}

A.) What are the risks / discomlorts associaled wilth sach intervention of procedure In the shady?

Potential risks include human errors that may occwr during the building of the microscope that may lead lo small injuries
if students are not being careful or following directions. Discombort is not expected, the experiments are siraight
forward and simple (o follow,

B.) Whal procedures will be in place to prevenl | minimize potential risks or discomfart?
Supervision by the group research members as well as al least one of the IQP supervisors will ba held in arder (o
Insure thal accidents do not happen.

6.) Potential Benefits:

A.) What potential benefits other than payment may subjects recelve from participating in the study?
The exparisnce of learning how o build a microscepe and the physics behind how magnification works.

B.) What potentlal benefits can sockely expect fram the study?
Undarstanding thal science s not perfect and developing experiments can take a lot of ime and efforl. Most people
generally take the amounl of woark pul into an experiment lor granted and only look at the finalized results, not the
process. Undarstanding the componants of a commonly used object |s also impariant,

7.) Data Collection, Storage, and Confldentlality:

A How will data be collected?

The QP group members will callec! data and record il inle notebooks as well a5 excel. Data will be based on how the
students are developing ideas thraughout the experdimant, the lime il takes 1o fun il, a5 wall as orally ask the students
questions about their experience (see attachmant 3) and instruct them to write down answars to focus quastions (see
attachment 1 and 2). A shorl survey will be presenied anonomously ai the campus canler lo collect a variely of

_rasponses (see allachment 4.

B.) Wila ecl's voice, face or Identifiable body lealures feg. [alloo, scar) be recorded by audio of videataping?
Mo B Yes [ (Explain the recording procediras you plan o follow. )

C.) Will personal idendifying information be recorded? No [l Yes [ (I yes, explain how the identilfying infarmation
will be protected. How will personel idantifying information be coded and how will the code key be kept confidential?)
The graduation dates and majors of the studants will be recorded. Their consideralions for minoding in the humanities or
sciences as wall as their preferences with respect (o subject preferences in the form of an anonymous survay.

0.} Where will the data be stored and haw will it be secured?

It will be stored as a file and secured through storage on a flashdrive, dropbox, and google account. It will also be
accessible o all group members and advisors. It will nol be accessible to anyona that ks not invohved with (his QP
shudy.

E.) What will happen to the data when ihe study is completed?
It will b destroyed.

F.}) Can dala acquired in the study adversely affect a subject’s relalionship with other individuals? (e, employes-
supervisar, student-teacher, family relationships)

The data will not alfect a subjects refationship with other individuals, Mo names or idenlifying factors will be collected.
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G.) Do you plan 1o use or disclose identifiable informatian outside of the investigation personnel?
Mo [ ves [] (Please explain.)

H.) Do you plan to use or disclose identiiable information owtside of WP including non-WP1 investigators?
Mo = ¥es [ (Please sxplain.)

B.) Incidental findings: i the conduct of infarmation gathering, is if possitie thal the investigator will encownter any
incidental fndings ? If so, how will these be handied? (An Incidental finging /s information dizcovered abowt & subject
which showld be of concerm to the subject bul is nol the facus of the rezearch. For example, 8 researcher manifoning
heart rales during exercise cowd discover thal a subject has an kregular heartbeat.)

Mo incidental findings are expacied,

0.) Deception: (Invesligators must nol axciude information from a subject thal a reasonable person would want lo
know In deciding whather lo parficipate in a study.)

Will the information about the research purpose and design be wilhvheld from the subjecls?
Mo () Yes [ (Plaase explain,)

10.) Adverse effects: r&maummhdmarmwmmmmpmmmmwﬂmﬂuﬂmnﬂ
hotirs using the IRB Adverse Evant Form found owl al hitp 4wy s.html. Other adverse avents

should be reporied within 10 working days.}

What follow-up eflorts will be made to detect any harm 1o subjects and how will the WP IRE be kept informed?
The subjecls will be emailed alter the sludy to make sure no harm occurred to them and the WP IRB will be informed if
any adverse findings are discoverad.

Investigator's Assurance:
| certify the information provided in this application is complate and corract.
| understand that | have ultimale responsibility for the conduct of the study, the ethical performance of the project, the

protection of the rights and welfare of human subjects, and strict adherence to any stipulations imposed by the WPI IRE.

| agree bo comply with all WP palicies, as well all federal, state and local laws on the protection of human subjects in
research, mcluding:
ensuring the satisfactory complelion of human subjects training.

-

+ parforming the study In accordance wilth the WP IRB approved protocal.
+ implementing study changes only afler WPI IRB approval,
-

prompily reporiing significant adverse effects fo the WPI IRB.
Signature of Principal Investigator M/ Date "‘.f;‘(f v/
priot FulName and Tite /el ol A szﬂ:n;’f Assac % JIEH-IM Lot
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Histary of Biology
Microscope experiment
Reflective Oral Questions to be asked by group members

1. Did the general setup of this lab help to facilitate your learning skills
throughout the experiment?

2. Where the focus questions difficult to answer?

3. Would you prefer to have had some background reading material available

prior to the experiment?

Do you have any suggestions for how the experiment or procedure can be

improved?

Would you prefer more or less guidance from TA's and for instructors?

Would this lab best be suited for working alone or in pairs?

Please rate the course from 1 to 10 (10 being the best).

Would you recommend this course to a friend and if so, why?

=

@ NP n

II. IRB Approval Letter

Worcester Polytechnic Institute [RB 1
HHS IRB # 00007374

23 April 2015
File # 15-111

Re: IRB Application for Exemption #15-111 “History of Biology™

Dear Prof. Rulfs,

The WPI Institutional Review Committee (IRB) has reviewed the materials submitted
in regards to the above mentioned study and has determined that this research is
exempt from further IRB review and supervision 45 CFR 46.101(b}:(1) Research
canducted in established or commonly accepted educational settings, involving
normal educational practices, such as () research on regular and speclal education
instructional strategies, or (i} research on the effectiveness of ar the comparison
among instructional technigues, curricula, or classroom management methads,

This exemption covers any research and data collected under your protocol
from 23 April 2015 until 22 April 2016, unless terminated sooner (in writing) by
yourself or the WPI [RB. Amendments or changes to the research that might alter
this specific exemption must be submitted to the WPI IRB for review and may
require a full IRB application In order for the research to continue.

Please contact the undersigned if you have any questions about the terms of this
exemption.

Thank you for your cooperation with the WPL IRB.
Sincerely,

lthqatg..m:. (L.

Kent Rissmiller
WPI IRBE Chair
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8. Appendix II.

I. Extra Materials for the Microscopes & Magnification Unit

( 700 )

III. A Letter from Mr. Anth.Van Lecuwenhoek
concerning-the Seeds of Plants, with Obferva-
tions on the wmanner of the Propagation of
Plants and Animals.

lN the Seed of an 4f» reprefented of the natural Size
by Fig. 1. 1 obferved not only two large Leaves, but
that part alfo whence the Root takes its Rile, was extra-
ordinary big; this part of the Seed I always fourid up:
permoft when growing on the Tree, {o that the Seeds
have a contrary Situation on the Tree to what they have
in the Earth. Thefe two Leaves of the Seed or Lobes
were filled up with an innumerable quantity of very
{mall Globules, except where the Fibres were vifible :
Which likewife were compofed of much {maller Globules,
and took their Origine from that part whence the Root
proceeds. This fuppofed Root I cut through the mid-
dle, and have reprefented it Fig. 2. wherein the outward
Ring reprefents the Bark, the next reprefents the wood
part full of dark-coloured Pricks, which are the Fibres
thereof. The innermoft Oval reprefents the Pith, com-
pofed of round Bodies. I have likewife found that the
bignefs of the Seeds of Plants does no way anfwer to
the Size of the Leaves of the Plant, there being very
{mall Rudiments of the Leaves and Plant in the Iar
Sceds of the Oak and Peach reprefented by Fig. 3. and
on the contrary, very confiderable ones in the Seeds of
the Afh.

As | have formerly obferved in the flefby Fidres of
the Mufcles, that there were no Blood-Veflels intermixt
with them, but they were placed only in the Membranes
that encompaffed the Mufcles, and fhew'd how the
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flelhy Muftles might be nourifh’'d by thefé Blood- Vefiels,
{o I find the Leaves of Plants to be made up of Globules.
included in the Membrane that makes the Superficies of
the Leaf inall places but where the Fibres are conlpicu-
ous. The manner how I {uppofe thefe Globules, and by
confequence the Leaf is nourifh'd is thus: The Liquoe
or Sap is conveyed in the Vellel B €, Fig. 4. and is
communicated firft to the Globule F, from that to G,
thence to A, and (o on ; as if you fhould put feveral
{mall Pellets of dry’d Clay in a glafs Veflcl, if the Wa-
ter touch but one of them, you will find it communi-
cated by that to the Second, Third, and fo on till they
are all Wet.

I could not find any thing to fatisfie my Curicfity in
the {mall Seeds of Figs and Strawberries; poflibly they
were not ripe enough; for 1 doubt not but that they
have the fame parts that larger Seeds have.

And if in the fmall Seeds of the 4% (6 whereof
weigh not 4 Grains) there are to be {een not only per-
feét Leaves with their Veflels, but the woody pare allo,
and that from whence the Root thoots out (nay plainer
than in the Wallnut or Hazel) we may well conclude thae
wife Nature procceds after the fame manner inall its
Operations of Generation and Propagation; every Seed
containing not only the Rudiments of the future Plant,
but alio a ¢ertain fine Flower to nourith it fo long, till
ftriking Root into the Earth, it may thence receive its
Nutriment. This Flower is of an oily Nature, and the
more oily the longer will the Seeds live out of the ground.
And as Plants are not Male and Female, nor have a Ma-
trix for the firlt Reception and Suftertation of the
Young, fo the Parent Tree produces a perfect Plant
wrapt up inthe Seed which the Earth recerves and nou-
rithes. I have likewife found that of foch Trees as are
reckon'd Male and Female, very few that bore Seeds the
laft year have bore any this year ; (o thar [ queflion

whether,
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whether the Trees which we find without Seeds may be
therefore called Male Trees.

[ think it now paft all doubt, that the Gereration of
Animals is from an Aximalewle in the Male Sperm: And
tho I have ofien fancied that [ have difcovered the Parts
and Membranes of the Fetus in this Awimalcule, {0 as
to {ay thereisthe Head, there the Shoulders, and there
the Thighs, yet 1 will affirm nothing herein, till [ thall
be fo lucky as to find an Awimalcule large enough to dil-
cover this Truth, which I am not quite in defpair of, fince
1 have been o fortunate as to meet with in the (mall Seeds
of the Ath, Leaves and Rudiments of the future Plant
far larger thanin the Seed of any Plant 1 have yet ex-
amined.

But to examine the matter a little clofer : Nature pro-
ceeds almoft after the fame Method in her Operations as
to the Produc@ion of Plants and Awimals: For as the
Animalcule of the Male Sperm cannot live in the /-
trix, without being wrapt up in the feveral Coverings,
and receiving its Nourifhment ; {o peither can the Seed
of the Plant {ubfift without continual nourithment, and
has alfo its Coats to encompals it: And which is obfer-
vable, as the Fatus has but one ligament confifting of
feveral Vellels, by which it is faftned aod nourifh'd, {o
all the Seeds which [ have feen have but one Ligament,
made up of feveral Vefiels alfo, which is fometines lon-
ger, {ometimes thorter. [ will prefent the Reader with
the Dravghts of fome Sceds.  Fig. 5. A B C is the out-
ward Membrane of the Seed of an A/, A D the place
where the Seed it {elf lies, which is taken out and re-
prefented by EF. A F is the Ligamen: by which the
Seed E F receives its Nourilhment, the part A being on-
Iy joyned to the Tree ; and what is more oblervable, the
point of the Seed F where the Ligament is faftned, s
Likewile the place whence the Root proceeds: So that

the Root is the laft that parts from the Tree, which at
firlt,
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and has a fufficiency to provide for it felf, and grow
when cxpofed on the bare ground, and then it is no lon-
ger kept up.  1fay, if we confider thefe two Methods of
Nature, we fhall not find any other difference between
Flants and Awimals, than that the firft wanting a lo-
comotive Power, cannot couple as Animals do, and
therefore muft contain in the {ame Individual, not only
the Origine of the future Plants which [ compared to the
Arimaleule in the Male Sperm, but allo the maternal
Nourithment {ufhicient for it till it s furnifh’d with a
Root to provide for it{elf. This Nourifhment isa fort
of Flour which encompafles the Emério Plant, and in
the Seed makes the two Lobes.

If we compare Plants with Birds, we fhall find that as
in Birds which are Male and Female, it is neceflary for
the Awimaleule of the Male already endowed with a
living Soul to te placed near the Yelk of the Egg of the
- Female, to be thence {0 long nourifh'd till icis fit to re.
ceive its Food from the Mother, or gather it off the
Ground : So in Plants the Embrio is placed next to a
{ort of Fine Flour which I compare to the Yelk of the
Egg, which not only defends the youngPlant, but like-
wite affords it its firft Aliment.

We may likewife compare the Propagation of 7rees
with Fifb, and find the {ame Agreement. Infine, the
Egg in Animals {eems to be for the fame ufe as the Lobes
ot the Seed in Plants.

Although [ have formerly afferted, that the Female
{erved only te afford nourithment to the Awimalcules of
the Male Sperm, and that Plants grow out of the {ub.
ftance wherewith they are watered ; yet | acknowledge
tur a certain Truth, that a great Fariety 1s cauied m
Animals by the Nourithment received from the Mother,
So by a Horle and She-Atlea Mwle is generated, which is
Jilte neither, but participates of both, differing from the
Horle, efpecially in the Ears and Tail; fince the Af$

atounding
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abounding in that nourifhment which produces the Ears,
and wanting that which givesa long Tail, it mult ne-
ceffarily be like the Mother in thole two particulars.
So from a White \Man and Negro Woman a Meffico is
born: And from a large Pigeon or Cropper and a (mall
wild Hen Pigeon, the Young are like neither ; the Eg
of the Female is not fufficient to nourith the dm'm::fmg
of the Male, fo as to give it the Size of its Father, And
thus Plants receive a great alteration from the different
Soils in which the Sﬂﬁii are planted. So .dpples brought
from France are with us in great efteem ; and what care
foever we take in the Trees themfelves, yet they foon
degenerate in our Soil; which change proceeds from the
different Saltsthey meet with in the ground. And I be-
lieve if we could take the Emério Plant out of one Seed
and put it into another, foas it would grow, we fhould
have a new Plant from thence like to neither: Asif we
fhould take the Embrio out of the Wallnut (which I will
liken to the Animalcale of the Horfe) and-{o join it to
the Seed of the Cheffunt (which I compare to the M-
trix of the Affe) that it would grow, the Plant produced
by thisUnion would be a new and unknown Tree.
Willows are ufually planted by thrufting a Stake into
the Ground in wet places, yet finding (everal young ones
on the Banks of Rivers, I judged thele grew from the
Seed. Wherefore inthe beginning of Fune, examining
the downy Seeds of thefe Plants,! found {everal brownifh
Particles, not much bigger than Sand ; which the Mi-
crofcope difcover'd to be the Seeds thereof, which are
contained in feveral little Violet-colour'd Boxes, of which
in a little Sprig there were 75 placed by one another,
each coataining 3, 4, or § {mall Seeds, encompafl:d with
a pappous Down,  Fig. 9. reprefents thele Seeds of the
natural bigne(S. The Down or Pappous part is joined
by one common Knot or Center firft, and {o to the Seed,
and confills of 2, 3, 4, 5 or 6 fimall Threds, !.r.rhiur:i‘ir fo
X oon
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the Poplar and Iudian Cotton. If thefe diftinétions of
parts are {o foon viible in thefe (mall Seeds, why fhould
we doubt the produdtion ot an Awimal from the {o of-
ten named Animalcules. Indeed we muft own our felves
at a ftand, when we would find out how thele Awimal-
cufes receive Life, and that not belore the Aale has at-
taincd a certain Age; and the rather, fince we hold
that the matter whence thefe Awimalcules proceed, was
likewile in that Awimalcule it {elt when it was firlt com-
mitted to the Matrix. And indeed that very extraordi-
pary minutenels, by which one Creature is tranfmitted
to another, is incomprehen(ible.

Nor can we be better fatisfied as to this matter in
Trees than Men; for we lee plainly, that very many
Trees growing from Seed are fome years belore they
bring forth Fruit and Seeds, at fealt fuch Seeds as will
produce another Plant. So that we cannot fay, that
that Seed which will produce a Tree depends only on the
Tree ; but that the {ubftance of the Seed, by means
whereof a Tree is propagated, depends on that Seed
from whence the Tree it {elf allo proceeded. And tho’
we may alter fome manner imagine how the Fruit, as
an Apple or Pear, confifling of feveral round Particles
(tv omitthe Veflels) may be produced, fince-there are
8 or 10, ‘it may be more Ligaments (each whereof has
a multicude of Veflels) which may tran(mit feveral
Juices ; yexhow can we conceive that the Origine of a
Plant can be thusformed. So that we fee the beginning
of the Propagation of the Tree is to us incomprehenfible,
although we lee it done before our Eyes ; and we may
fuprole it after the fame way as itis in Man. To con-
clude, the Tree after 8 or 10 years begins to bear Seed,
which depends notonly on the Tree, but on the former

eed : So it is in the Male Sperme, which has its Original
not cnly from the Male, but from the dwimalcule trom
X 2 whence
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icon as the Capfula breaks uponthe ripening of the Seed,
{preads its {elt every way, as Fig ro. tho before the
Threds were cloied up in one, as Fig. i1, by which
means it cafily carries the fmall Seeds on the Wings of
the Wind ro great diftances. Viewing thele Seeds more
nicely, T faw that part whence the Root has its begin-
ning (which makes one third part of the Seed) fur-
nitht with very many Vellels, confifting only of oblong
and round Particles. The reft of the Seed confifted .of
two Lobes of a dark herby Colour made up of Globules,
and between-thefe, two very {mall Points rifing up,which
were the beginnings of the Leaves of the Tree or Embrio
Plgnt, which the Lobesthemiclves were to nourifh till it

thould be furnifi'd with a Root to provide for it

felf. .

I took fome of thefe very fmall Seeds, and fowed
them in wet Sand in my Clofet in Fawe, the better to
difcover the manner of their growth, Thefe Seeds being
very much dried, and thereby fhrunken, appeared thro’
the Microfcope, as Fig. 12. though they were not all
alike, {fome being more, fome lelsdried up. A BEF
is that part whence the Root thoots forth.  When they
had lain in tlie wet Sand 36 hours, they fhewed as Fig,
13. the Proportion of the part 6 ZZ X L being then
coniiderable, and in fo fhort atime 6 Roots were fhot
out from ir, and the two Lobes A7 X began to thew
themfelves. In72 Hours the Roots began to divide and
ramify, and to take hold on the Sand. That which is
obfervable in this Tree is, that the Seeds come to their
perfect maturity before the Leaves of the Tree have their
tull growth, whereas other Trees perfeét not their Seeds
till after the Fruitin Autamn ; {o that this Tree has its
young Plant grown up the fir{t Year. The fame is ob-
fervable in the Elm ; fome of the Seeds whereof I ga-
ther’d in May, dry’d and fow’d them, and in three days
they fprungup. I try’d the fame in the downy Seeds of

the
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whence the Male its {elf was produced. So that the
firlt cffential begionings of things which are incom-
prehenfibly {mall, will be always hidden from us.

V. Part of a Letter from Sir R.B. S.R.S. to
Dr. Lifter, concerning the Giants Caufway ix
the Connty of Atrim iz Ireland.

Old Bawn, Apr.24.1693.

e e

Concerning the Giants Caufey. Prolixity
in a Philofophical Defcription I'm fure you'l pardon;
for I was very exact in getting it from a perfon thar was
rei compos, perhaps peritus ; a Scholar (a Mafter of
Arts in Camébridge) and a Traveller, who went on pur-
pole the laft Summer with the prefent Bithop of Derry
to fee it. It isin the County of Awtrim, about 7 Miles
Eaft of Celrain, and 31 Miles to the Eaft of the mouth
of theRiver of Derry. The Coaft there is a very great
height from the Sea, but rifing gradually on the Land
fide to the edge of the Precipice, it is all cover'd with
an excellent fweet Grals; when you come ro the Pre-
cipice, there is no going dowin there it is {0 perpendicy.
larly fteep, but with much Labour and fome Hazard it
may be climb’d up. By other ways and windingsone
comes down to the Strand ; inwhich, from the ﬁ%ﬂt of
this Precipice, there runs our Northward, into the Main
Ocean, a raifed Caufivay of about 8o foot broad, and
about 20 foot high above the reft oi'the Strand; its fides
are perpendicular, it went on above two hundred foor
20 the Sea-Water ; that is, it was {0 far in view ; but as

he
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To conclude, there is not a Corner in all the Valley
of Noto that is not ruined wholly, or for the moft part,
with a dreadful Slaughter of the People. The Southern
Coafls, as Licati, Terra Nova and Gircati have fuffered
Damage in their Buildings. And all the Caftles of the
Valley of Emone near Mongibello are crack’d and broken,
or fallen down.

This is the Tragedy of Sicilia. HisExcellency Seig-
nior Picere has given prudent and neceffary Orders from
Palermo for the Relief of the afflicted and miferable Re-
mains of an amazed and half-dead People.

VIIL. An Extrali of a Letter from Mr. Anth.
Van. Leeuwenhoek, containing feveral Ob-
ferwations on the Texture of the Bones of Ani-
mals compared with that of Wood : On the
Bark of Trees : On the little Scales found on
the Cuticula, ¢bve.

Some years fince writ Mr. Oldewburgh, That I con-

ceived the Bone to be conftituted of Globules ; but
finding my Miftake, I retracted that Opinion : For what
I then took for Globules, was the tops of the Tubes or
Cilinders whereof the Bone is compoled.

Not fatisfied with my Obfervations thereon, I conti-
nued my Endeavours to difcover the true Texture of
Bones3 and at length found plainly in theThigh Bone of
an Ox, that it confifted of four forts or fizes of Tubes,
whereof fome are {o very {mall and clofe united, as
not eafily to be difcerned in a Bone cut a-crofs, though

with
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with an extraordinary fharp Knife, nothing but Globules
appearing : But when it is broken, fome Shuvers are {epa-
rated, in which thefe Tubu/i may be {een.

Another fort of thefe Zubuli (of which fome are fix
times bigger than the other) are yet hard to be difco-
véted ; for though the Knile be very fharp, yet by rea-
fon of the hardnefs of the Bone many Particles of them
are broken and fqueczed together, fo as the Mouths of
the litrle Tubes are clofed up.

A Third fort much larger than the former, had ne-
verthelels their Mouths fcarce difcoverable ; but I found
them placed in fuch an Order, as convinced me, that
the Ring of thele Zubuli was the Augmentation of the
Bone, as I had formerly difcover'd it to be in Wood,
elpecially whenI faw, at a littie diftance, another Circle
or Ring of Tubuli.

A Fourth fort exceeded the former very much, and
were fewer ; {o that in the fpace of three or four Sands
I did {tarce find one of them.

I have reprefented as well as was poffible a {mall bit
ef an Oxes Thigh Bone, as it fhew’d before my Glafles,
Fig. 6. ABC D; the bit by the naked Eye was not big-
ger than the little Spot, Fig. 7. E FG is the Point of a
{mall Needle on which the bit of Bone was ftuck. I
could not obferve the firft and lealt fort of Zwéw/i in this

little bit : for when the Bone is thus cut, the ends of the:

{iall Tubes are but cenfufedly to be {een, like irregular
Globules. But the fecond fort look like little dark
Specks, their Cavities being ftopt, by cutting which are
fearce to be difcerned, efpecially if the Knite does not
cut them at very true right Angles; for if it be ever
{o little aflope, it is impoflible to difcover thefe Veflels..
They are reprelented Letter £ fFH.
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The third fort of Taluii are fhewn by Letter 177,
end there I found not only placed in Circles orderly, but
Likewilc in a different maaner, as the large Vellels are
in Wood.

The fourth {ort of Tubes large, incomparifon of the
reft, are reprefented by K& L Mare feveral crathks
or clefts in the Bone cauled by the Preflure of the Knile,
efpecially if it be not very fharp.

Befides the above-mentioned four forts of Tubes rup-
ning the length-ways of the Bone, I {ometimes imagin'd
I faw fome 10 a contrary Situation, which {temed to pro.
ceed from the middle of the Bone, and terminate at the
circum{erence ; and that thele were of two fizes, where-
of the {maller were toch as the above-mentioned leaft
{ore, that for the moft part make up the length of the
Bone. The Reafon why I could not well difcover thefe,
was, from their being at a great diftance from cach o-
ther ; and {ome {temed as 1t perforated by thole thar
run the Jength-ways. And thovgh I could rot be cer-
tain [ faw thefe radiated Zubwli, yet 1 do not queflion
their being there ; and I fuppole the Periofleum is moltly
conftituted and nourifthed by thefe; the rather, fince we
fec the fame in Trees, whole Bark is formed by the
tran{verfe Fibres that run from the Center paffing be-
tween the direc* ones.  And as we cannot determin tlie
btginnlng of the Bark in the Tree, becauleit is annually
tormed anew cut of all the Horizental Vellels ; {o 1 con-
ceive that the Membrancs (errounding the Bones have
their encreale from fome Veliels proceeding from the
cavity of the Bone to the circumference, where they
are dilated into that thin {oft Skin detending the Bone
as the Bark does the Tree.

I know many believe the Origine and Nourithment of
the Bark is from theRoot ; butif it were {o, we thould
fnd the parts of the Bark near the Root larger, and ra-
avfy’d into {maller and fmaller as they run igher, as
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the Arteries and Nerves are,the further they go from the
Heart and Brain ; whereas there is no difference between
the Veffels of theBark of the Root and Trunk : Befides,
the Veflels of the Bark of f{everal Trees, asthe Birch,
Cherry, Peach, &'r. run not upwards as they doin the
Afh, Oak, Elm, Nut, Apple, Pear, &c. but Circular-
ly round the Superficies of the Tree. . And all Bark whofe
Veflels run upwards, growsthicker as the Tree increafes,
theoutfide cracking grows Dead, and flicks to the young
Bark underneath, which is the only living Part of the
Bark. The contrary isevident in thofe Barks whofe Vel-
fels run round the Tree; foras the Treeincreales the Vef=
{els not being able to Stretch nor Separate from each other,
muft neceffarily break afunder ; fo that the Old Bark is
cafily Separated and falls off’ from the New, Wherefore
fuch Trees have always a very thin Bark, as is moft evi-
dent in the Birch Tree.

And as we faid of the Bark, that itis produced and
nouritht from the Trunk of the Tree, fo isit in the Pro-
duction of the Skin of Ammals, which i1s covered over
with the Scarf-skin, confifting of Scaly Particles: For
having examined the Skin of many Animals, it {eemed
to-me to be formed by the wondrous interweaving of all
the extremities of the Veflels that proceed tothe extream
parts of the Body ; from the ends of which, a certain
matter iffues forth forming the Scales ;- the extremities
terminating at thofe Scales which fo long (tick faft to the
Vellels, rill new ones difplace them ; and once in the
Skin of a very Fat Dog, I found a great number of
Fat-globules between the branches of the Vefels that con-
ititute the Skin,

Thele Oblervations brovght me to Examine again the
Scales that cover our Bodics, to find if it were poliible
whether they were not formed after che fame manner as
thole of Fithes: and indeed each Scale of our Body is
compofed of a great company of V-{lils, interwoven

Rr together
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together after the fame manner as the Scales of Fifh;
Provident Nature as | have often found, performing her
Operations ufually after the fame Method.

I therefore applied my utmoft endeavours, in this Exa-
mination of the Scales of our Body, and judg:d thofe of
the Mouth to be the fiteell for that purpole, for thatthey
not being dryed are more eafily {epaiable from theSkin ,
and from each other : Examining thefe divers times, I ftill
found a clear fpot in the middie of them, flanding up
above the reft of the Scale (which 1 had obferved before
often, but thought it accidental) whence 1 concluded, that
the Scales, not anly of the Mouth but the whole Body,
were compofed as thofe of Fithes, of Veflels, proceeding
tothisclear Part, and nourifhing the Scales which grow
from thence.

Now as to the Tran(piring Parts of our Bodies,I have for-
merly faid the moifture was exhaled from the Veflels pla-
ced between the Scales; but now I find the number of the
Veflels, far to exceed what I then thought, fo that by the
motion and heat of the Body, there may a very great
quantity of {weat be expelled by fo many Veflels ; the
number of whichI endeavoured to Calculate, by layin
fome of the Scales of my Skin by fome Sands, {oto fin
their comparitive magnitude, and found the Axis of fome
larger Sands, 20 times, of others 15, and of others 1o
times bigger than the Diameter of a Scale :' Thele Scales
are placed n a triple order upon one another : 1 took there-
fore the leaft of them and thus computed : 250 Scales as
aforefaid are covered by one Sand,{uppofe then every Scale
to confift of sco Vellels, then will the moifture in the
{pace of a Sand be thruft out at 125000 {everal little
Pores, not reckoning the mouths of the Veffels between
the Scales.

Examining the Scalesof the Skinof my Arm T found
a fpot in the midft of fome of them, but not {o diftinétly
as in thole of my Mouth.
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I cannot well omit(in this place, relating toTran(pira-
tion) what {fome time fince happened to me; which was
an extraordinary itching on the upper part of my Nofe,
which viewing withan enlarging Looking-glafs, I found
a whitith fcurty fpeck which I'took off, but not without
fome pain,it ftuck (o firmly to the Skin ; obferving it with
my Microfcope, 1 found the reafon of its Scurfine(s, and
of its fticking {o faft; for this bit of the skin conftituted
of Scales, was thick befet with little Conzeal Bodies, caui-
ed as [ judged by a more than ordinary expulfion of a
thick Matter or Pas in this place, which not being able
to pafs through the Scales, much lefs through the Vel:
fels of the Scales, had made {everal pits or dents in the
Skin,and forceably raifed and torn off the Scales trom tlie
Skin, both which had caufed the Itching and made the
white {curfy fpeck , {ome part of the true skin being fe-
parated: and the little pain that T felt was caufed by the
fafl fticking of the Conical Bodies to the Skin, which 'in
{eparating were torn there-from; but what [eemed ftrange
to me, was that in a Days time, and {ometimes {ooner,
a new fcurfy Particle was fermed like the former, be-
fet with the {ame pointed parts, and this 6 or 8 timesone
after another, as faft as I took them off. I have given the
Figure of this little bit of Skin, having never obferved
the like where I might wellexpeétit, viz. in Leprous Per-
fons, whofeDifeafe is a fcurfy feparation of the Skin.

Fig. 8. is the bit of Skin of the truefize by the naked
Eye. Fig. 9. ABC D-the {ame magnified, in which
the Conical Bodies formed out of the Matter or Pus are
obférvable, E alittle hole in the Cuticula, through which
a {mall hair grew. The under fide of the Jittle bit of

the Cuticula which fluck to the true Skin is here repre-
fented.

Rra VIIT, 4
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II. A Letter from Mr Anthony Van Leeuwenhoek,
F. R, S. concerning the Barks of Trees.

Delit i Holland, March 27, 1703,

Ltho I have been many years fully convinc'd in my

1 own particular, that the Bark of Tress was produced
trom the Wood, and not the Wood trom the Bark, as
many have affirmed 5 yet [ find that fome, and thofe pee-
fons of good Learning, do maintain che {fame Hypothefis 5
d fo efpecially did a certain Gentleman, that was latcly
at my Houfe. This induced me to make a nicer Enquiry in-
to the Barks of Trees, in order,if it were poilible,more fully
to convince the World than I have yet done, that the Bark
of Trees does always proceed from the Woed. 1 had a
piece of Cinnamon Wood, about the bignefs of a Quill
that’s ufed for writing, which had its Bark {till upon it
I judged that this piece of Cinnamon Wood would be the
molt proper to prove that the Bark is made out of the
Wood, becaufe that the Horizontal Veflels of that Wood
were of the fame Colour with the Cinnamon idelf. Buc
as nicely as I dealr with this Wood, I could net cut it in.
to pieces acrofs, fo as to keep the Bark and the Wood
united, but the Bark would always be feparated from the
Wood, of which I ceuld not underitand the meaning,
¢ill I call’d to mind that the Hland oi Cepfon s iitmated be-
tween the gth and roth Deg, of Norchera Latitude; fo
that the Fruits, Wood and Bark are of a conrinned whole
years Growrh, whereby new Saps and Juices are always
carried up betwesn the Wood and the Bark, in erder
to make the new Woed and the new Bark. For this i3
the reafon.that the Bark of Cinnamon is {o cafily {eparated
FEfffffefes from
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$rom the Wood. Wherefore, not finding my account
in this Experiment, 1 turn’d my thoughts upon the Bark
of Cherry, Plumb, Beach-trec, &¢. the Veficls of which
Barks are not extended lengthways, but circularly about
the Wood 3 and in order to demonfirate the {ame, I cut
off this (mall Twig of a Cherpy-tree.

Fig. 1. ABCDE reprefents a thin Twig of a Chearry-
tree, in the Wood of which the Canals or Veflels of the
Bark, by which the fame is fed, are not extended Iength.
ways, but circularly about the Wood 3 for which tcafon
the Bark of the faid Wood can’t be ftripp'd off longways,
but only circularly, contrary to fome other VWoods, as ia
the aforefaid Figere 5 whereby CFDG, a {mall giece of
the fame Bark, as it is {tripp'd off, i3 reprefented 3 in which
you may obferve, that the Canals or Vefltls, of which it
15 compos'd, run from C to F, or from D to G.

I have afferted formerly, that in ali Countries where
there is any Winter, fo far as to put a {top to the Growth
of Trees, at all times as long as the Growth endurcs
the Bark grows thicker, and that the New Burk docs pro-
trude that which was made before furiher and furcher
from the Wood 3 infomuch that in the Barks of Old Trecs,
one may cut a Fingers Breadch in Depth before one can
come at any thing like Greennefls or Sap: And if one
confider thefe Barks with care, one fhail difcover what

rt of the Bark from time ro time is deprived of frs
ﬁﬂuriﬂlmcm, and confequently what part of it is quite
dead.

By thefe my laft Obfervations, 1 have difcovered in a
Twig of a Cherry-tree of one years Growth, that the
Bark doss confilt of at lealt fix thia Jembranes, whofe
exceeding thin Veflels or Fibres extendn! themfelves circu-
Jarly zbout the Wood, and thofe rivmbranes were very
clefely united to one ancther.

1 placed one ot theic Membranes, that was as nicely
feparated from the reft, asit was poflibie for me E:fdo,

ore
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before a Microlcope, and caufed the Painter to draw it a8
it appear'd to him, as you may fee in Fig. 2. HIK L,
where you may obferve the Veflels or Canals do not run
longways, but circularly about the Wood ; which be-
ing fo, the faid Veflils can’t remain long whole, but mult
from time to time be broken in pieces.

When I cut crofs the Wood of a Cherry Tree, which
was about a year old, inorder to thew the Painter the
Horizontal Veflels that are derived from the Wood to the
Bark, and whereby the Bark receives its Growth and Nou-
rithment, the Bark, by reafon of the Softnels and Flexibi-
lity of thoft parts cthar lay next the Wood, did always
yield fo much, that it was impofiible for me to thew him
the faid Veffels.

Upon this T turn'd my Thoughts upon the Beach-wood,
becaufe the greateft part of that Wood is cloathed with a
Red Bark, which fticks clofe to the Wood, and grows
yearly thicker 5 and upon the outfide of that Bark therc
1s produc’d a Whitith fort of Bark {everal times in a year,
which falls off from the Wood as if "tewas pili'd; buc this
only happens in Beach Wood of an ordinary thickne(s;
for in the thicke(t Wood this Peeling or Scaly fort of Bark
is not produc’d, and then the Bark grows exceeding thick;
but the moft part of fuch Bark is thrult away, and remains
as it were without Nourithment; and in fuch there is no
-outermoft Scaly fort of Bark produced,

I freep'd this laft mention’d Wood in Water, becauf® it
was very dry, that I might the better cut it through with
a fharp Knife, whereby the Afcending and Horizontal Vel
fels or Canals might receive the lealt damage in curtting,

Fig.3» LMNOPQR reorefents a {msil particle of the
laft mentioned Wocod, as it were cut acrofs, in swhich the
Afcending Veflels or Canals,. both great and fmall, ars
ealily feen, and between which run the Herizontal Veflels,
which receive their Juices irom the Afcending ones.

(1846 )

After feveral cuts made with a tharp Enife, I found
the Bark of the Wood to be exceeding hard ; and this was
moltly occafion’d, as I imagin'd to my felf, by a Coagu-
lated Whitith Martter, which one would wke to htRo[?n 5
the hardnefs of which hindred me from cutting the Wood
and the Bark (o eafily together, as notto hure the Hori-
zonral Veflels which were continued from the Wood into
the Bark in a Right Line; for the Bark being much harder
than the Wood, always yielded to my Knife,

Wherefore I cut off as well as I could a finall picce of
Wood and Bark at one cat, and placed the faid piece be-
fore a Microftope, that the Painter might view the Wood
and Bark together.

In the faid Fig. 3. by QUTSRK is reprefented a Par-
ticle of the abovementioned Bark, in which the Horizon-
tal Veflels, as they lye in the Wood, and are continu’d on
to the Bark, and from whence the Bark is produced, ars
fhown by NMOP, of which N and O do not go quite
throughout into the Bark, by reafon of that hard Matter
which we mention'd before, and which you may fee
in X.

But the Horizontal Veffels, that are deferibed by MRS,
and PQUT, go throughout the Wood into the Bark, [
far as to preferve the Bark from-any Mortification.

Now as the Bark of the Beach Tree, or rather its Veil:ls
or Canals, run circularly about the Waod, [could not at.
firlt conceive how thofc Canals covld be produc’d out of
the Horizontal Veliels ; but ar faft I difcover'd that as the
Horizontal Veilels are continved from the Wead into the
Bark, fo th re fpouted out from everv fide of thofe Veflels
excecding fmall Canals, “which 1 circlarly about the
Wood, and (o for the molt part” sroduced thie Bark of
that Wood.

In the 12id Fig. 3. I have reproiented by PQUT one
of thoie Horizontal Vefldls, as they are continacd fiom
the Wooed, and carried on into part of the Bark, which

is
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i5 defcribed by QUT, and between Qand 1T I fhew a
few of thofe Veflels which {prout out of the faid Hurizon-
tal ones, and run circularly about the Bark 5 and how nice-
ly foever 1 obferved them, I could not diicover one
Afcending Canal, which maft needs run lengthways up
the Bark, in cafe che faid Bark had its Rilc from the Root
of the Tree.

[ placed alfo a thin Scaly Particle of the Bark of the
faid Wood before a Microfcope, which I caufed likewile
to be drawn asin Fig. A 4. ABCD, the Veffels or Ca-
nals of which run al{o horizontally from A to B, or from
Cto D.

But you muft not imagin that this and the preceding
{mali Particle of Bark is o openas is here reprefented, bus
conclude, that the Veffels which ran circujarly about the
Wecad are only deferibd, and that thefe Vellels at firlt lay
cloft to each other, but as the Wood grew greater, they
were {eparated more and more from one another. '

Fig. B4 W XYZ fhews allo a little Scale of the
Gark of the Twigof a Tree, in whichthe Veflels deferib'd
by W X or ZY do allo ran circularly about the Wood,
but I have forgot to what Tree itbelong'd, it having becn
{ome time drawn bsfore I took any norice of ir.

After thefe Obfervations, I remembred that 1 bad 1ying
by me a picce of the Barkof a Cinnamon Tree, which was
given me by an Officer that had bzen a Prifoner at Candi
in the lland of Ceylon.

This piece of Cinnamon Park was near 8 incheslong, a
{mall part of which is reprefented by Fig. 5. EF G H.

[ judged by the divifion, which [ obferv'd between I
and G, and which was the thickre(s of the Bark, that the
Cinnamon Tree to which this belonged, was very near 12
years old, aad according to the fame remarks, that the
Tree was about 6 inches diameter.

[ have {everal times examined the outlide of this Bark,
and always found ic was {o weak or brittle as if it were

pardy
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We fee moreover, that the aforefaid Parts have -t
contained in ‘em a Matrer of different colours, which ¢
lours are wholly feparated from each other, and appear s
in N R S, and, whereno colcurs are to be pe'rcei'.*r::d in the
faid Figures, there they are Tranfparent.

Thefe long Tramfparent Parts, as alfo thofe that are
colour'd, together with the Horizontal Veflels, which are
almoft all of 'em filled with a colour'd Matter, are in my
Opinion the {ole Ingredients of the abovementioned Bark
or Cinnamon.

In the faid Fig. 6.0 PQ reprefent but a part of the
Horizontal Veflels, that lye by one another,

All the faid long Partigles, which i a great meafure
compofe the Cinnamon Bark, are not incurvated, asin
Fig. 6. but a great many of ‘em are extended in Righc
Lines, asyou inay feein Fig.7. ABCDEFG, which
reprefents a very fmall Parucle of the abovemention'd
long Parts, which likewife inclofes fome Horizontal Vef-
fels 3 and wherein you may {ee at A how regolarly. the
tharp Points arc ranged by one another, as alfo berween
BF and CE, between which the Horizontal Veflzls are to
be {een in that order in which they always lyc.

That {harp and pointed. Particle that is reprefented by
FH, feems to beour of its place; and 1 fancied thac
in dividing it from the other Parts, -1 might have broke
it off at I.

I alfo placed 3 other long (harp pointed Particles before
a Microfcope, asin Fig. 8. IKLM, in which you may
alfo fee in how regular 2n crder the pointed parts appear,
as in KM for inftance 5 from whence we may coaciude,
that all the other parts of the like Nacure are difpofed in
the fame manner.

I moreover cauled the Painter to draw another Poiuted
Particle, that was exceedingly incurvated 5 which, Ifup-
pole, migit be occafion'd by its having furrounded two
feveral Divifions of the Horizontal Veficls. See Fig.g. NO P.

We
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We may pretty cafily conceive how one Canal is pro-
doced (or comes out) from another, but how the {aid
long {harp pointed Particles, reprefented by Fig. 6, 7, 8 and
g are produced, is, as well as a great many other Phene -
mena, palt my Underftanding,

I have mercover examin'd mnto the Nature of the Bark
of a thick Lime Trep, the rath r becaule I know no other
Barks ot Trees whole parts are {o eafily {eparated irom one
another, either in length or breadth 5 infomuch that chey
make thereof in Mufeovy Mats for Packing, and Rope-
work, which 5 very ftrong, and if [ am righdy iaformed,
is not cafily fubjet to rot, tha it fhould lye long wer.

This Bark I alfo cut acrofs, i order to difcover the
Bent or Run of the Horizontal Veficls thar come out of
the Wood.

Fig. 10. ABCDEFGHI reprefents a fimall Particle of
the Bark of a Lime Tree, as it was cut acrofs, where, by
A BC are thown the Horizontal Veflels that come out of
the Wood, and confequently thefe Veflels are cur lingth-
ways,

Thefe Veflcls, altho at their firlt coming out of the
Wood they lye clofe to one another, as from A ro B, and
from B to C, yet they don't remain always {o clole, but
as the Tree grows thicker and Dbigger, the Horizontal
Veflels are mose divided from one another 3 as for infiance,
that which at B is but one Bundle or Colleétion ot Vefiels,
with the Increale of the Tree divides itlelf into two, and
the Separation grows larger and larger, asin BMK and
BML.

Now, that there may remain no Iaterltice or Vacuity
between the faid Horizontal Veilels, there are other Vef-
fels produced from thofe, as you may fee between M1 D,
which new Veflels produce a Matter that fills the Place of
ML K.

Thele Parts are Roundifh, but {o interlinkt with one

another, that they ferve for Canals; they appear'd fo
{mall

80



( 1851 )
{mall to the Painter, that if he had not drawn 'em bigger
thax they were, you could not have made any Judgment
of them.

Thefe Horizontal Veflcls don’t run through the thick-
nefs of the old Bark, for in fome places the Bark dies
fooner than in others for want of Nourithment, infomuch
that you may perceive in the Bark of a Lime-Tree of an
ordinary thicknefs, three diltin& Crufts lying one upon
another 3 the outermoft of which being deftitute of Nou-
rifhment, by little and little become dry and wither'd.

I fhall never fuffer my felf to be perfwaded that the
great number of defcending Veflels which are difcovered
in the Bark of a Lime Tree can proceed from the Root of
the {a3id Tree, but depend on the horizontal Vefiels of
the fame, which by reafon of their exceeding (mallnefs are
hardly vifible in Fig 10, For if the Nourilhment of the
Bark does proceed out of the Root, the Bark would
never periﬂ? unlefs the Tree did alfo, whereas we fee that
in fome Trees the greatelt part of the Bark is dead or wi-
ther'd.

I took a fmall (lice of the faid Bark and cue it acrofs,
and placed it before alarger Microfcope, and caufed the
Painter to draw it as well as he could, who affirmed to

me ‘twas impoflible for him to defcribe all the {imall Holes.

or Orifices which he faw.

Fig. 11. NOPQ_.R S reprefents a very {mall Par-
ticle of the Bark of a Lime-Tree, whereinare (hown partly
the mouths of the Canals that lye lengthways in the Bark,
and are here cut acrofs, but chiefly to give you a view of
the horizontal Canals, asthey are cut in cheir length, as
at N S or P Q 5 the which horizontal Veflels are repre-
fented in Fig. 1o. by AIH, EMLG, BMKF and
CDE.

Thefe Canals, or V-{lels, defcribed by NS or PQ_are
not of a continued Hollownefs throughout, but rather
feem to confilt of Oval Parricles linkt to one another.
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i have been thinkieg with my felf whether each of the
aforefzid Oval Particles were not provided witha Valve,
which Valves make themm appear like fo many Oval Fi-
gures ;5 and the ufe of which Valves might be to hinder
the Juices or Saps, which by the force of the Sun are raifed
up into thofe parts,falling down or defcending,after the Sun
fec s elpecially if we confider, that by the faid Canals there
muft be caoled fo ftrong a Protrufion, in Spring time, as
not only to thruft away and feparate the Bark from the
Wood, bat alfo to burft the outermoft parts of the Bark,
that are already hard, dry and wither'd.

I have faid before, that the Horizontal Veflels or Ca-
nals in Cinnamon are Hexangular,” which Figure is the
moft perfect, and takes up the leaft room or fpace 3
from whence I conclude likewife that the Horizontal
Veflels in Fig. 11. are likewife Hexangular, tho I did not
fee them lying in the fame order; for when I examin'd
into the Horizontal Vefiels or Canals of the Cinnamon, I
found that they were of the fame Configuration as in
Fig. 11. NS and PQ, wiz. that they confifted of Oval
Figures.

I had placed before a Microfcope a little bit of a Lime-
Tree, which was cit off of the Wood lengthways, dnd
the Horizontal Veflels cut acrofs, to the end that you
may fee how thofe Horizontal Vellels or: Canals lye in
the Wood 3 the which Veffels are al{o continued into the
Bark, fofar asitisalive, and ferve for the feeding and
increafing of the fame,

Fig. 12. ABCDEFG repreflents a little {lice of the

Lime-Tree Wood, in which you may cecunt in g -feveral

places the Horizontal Vefiels or Canals that are cut acrofs,
and which Canals are f{ituated berween the {mall afcend-
ing Veflels, which for the moft part donourith the Wood.
Now between the Horizontal Veflels and Canals in the
Wood and in the Bark there is no differecve, bue in the
Afcending Veflels and the Bark there is a difference; for
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they are of fuch a Difpofition as the Horizontal Veflils
which are in the Wood and the Bark; amd thus they
agree with thofe Veflels defcribed in Fig. 1. by NS
or PQ.

Now if we find that the Horizontal Veflels or Canals,
as well in the Wood as in the Bark, are of one Contexe-
ture, and that the Afcending Veffels in the Bark of a
Lime-Tree are alfo of the (ame, we may more firmly
conclude, that the Bark is produced from -the Wood,
and not from the Root.

I have moreover turned my thoughts again upon the
confideration of Cork, which is faid to prow as the Bark
of a Tree upon a certain fort of Oak in Spain 5 which if it
be fo, I imagine that the Burning which we perceive in
the Leaves of Cork, is done by 2 hot Iron Plates, in
order to make it flat and Qtrait.

I took thenone of thole pieces of Cork which are cut
into Stoppers for Bottles, asis defcribed by Fig. 13

ABCDEF.
In this piece you mult fuppofe that BG is the part

that lay next the Tree, and that E was the outfide of

the fame.
In the faid piece of Cork, between GHIKE, I ob-

ferv'd five diftinct Divifions, ranning acrofs from F to D,
which is the part that furrounded the Tree 5 and from
whence I mnclude, that the Cork was arrived to fuch a
thicknefs in 5 years time, for each Streak denotes the
growth of that year.

I obferv’d alft}; 4 diftin& dark ftrokes, of which G 1 is
the middlemoft 5 I fuppofed they were great Canals, buc
could not conceive to what end they were made; but I
concluded from thence, that in calc thele greac Canals
had not beenfo cut through lengthways, the Cork would

not have been fo thick.
We mult likewife conclude, that the length of all

Corks (in order to prevent either Moilture or Air from
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pafling thro them) malt be confonant to the fength of the
Cork as it grows upon the Tree, and {o that part of the
Cork reprefented by A B C wasthe lowermofk part, and
D EF G was the uppermolt or near the uppermoft, ac-
cording toits fitnation upon the Tree.

Now for my own and others fatisfaction, 1 cuta little
piece of a Cork as from G, where youmay fuppofe that it
was joyn'd to the Tree, that isto fay, 1 cut it after fuch
a manner, that the cat of the Knife went from Gto H;
and having placed the faid piece before a Microfcope, 1
perceived all the Canals fo placed as if they come ourt of
the Wood, without difcovering in theleaft any afcending
Veflels, tho 1 cut it never {o often ; from whence I muft
conclude again, that the growth of the Cork proceeded
from the Wood.

Now to give you a better Idea hereof, I have cauled
the Painter to draw a fmall Particle of the Cork.

Fig. 14. LM N-a O P Q_b, fhews a {mall Particle of
a Cork, asit wascut off between Gand H, of which
L M N we muft fuppofe 1o be the part nextthe Tree, and
fothe Veflels or Canals, by which it receivesits Increafe,
run horizontally, as from L to Q, from M to P, and from
Nto O 5 but I could not find one fingle Canal that was
perpendicular, or can be faid to proceed from the Root.

Thefe forementioned Canals have no thorough pafiage,
and it feems to me that in each Canal there are fo many
Valves as there are Horizontal Veflelsin cher.

In the faid Figure by a b, isreprelcnted a Line running
quite acrofs and fomething incurvated, the which Line is
that part of the Cork, where, the Seafon of the year being
over, a {top was put to the growth thereof

For further fatisfattion, T cut another pi--=of a Cork
after the fame manner,that whereas in the fc. .. oing Figure,
the Horizontal Canals were defcribed inth: iength, now
the fame Canals were cut acrofs.
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Fiz. 15, R § TV repre‘ents a Vitle piece of Cork, as it
appearcd throa Microlcope,th:\ wasmore magnifying than
the former in Fig 14. this picce of Cork wascut off from
Fig. 13. berween B and G, and was that part that was
next, o that was united to the Tree, and from whence
it-receiv'd its Increa‘e, and confequently then were thofe
Canals which in Fig. 14. were cut long ways, but now a-
crofs,

In the faid Fig. 15, you may perceive that almoft all
thole parts that vere cut acrofs did not confift of round
Canals, but of I :xangular oncs, which is agreeable to the
moft perfed order, becan'eit prevents all the vacuities
between thei 1 3 and T imagin to my felf, that in cafe one
could procu: ¢ a piece of Cork, before it had been made
ftrait and flat, after the abovementioned manner, we
fhould fee the Canals focut acrofs, -as inFig. 15, between
R S T U, much more perfettly thanwe now do. Where.
as by the bending it to make it ftrair, a great many
Canals are difplaced and difordered 5 asin the cutting of
it with a Knite the exceeding fine Membranes, of which
the Canals are compos'd, are often torn and broke to
pieces.

This is what I have thought fit to trouble you with
about Cork, but if 1 were Mafter of that Wood which
produces ir, Ifhould receive greater fatisfaction 5 where.
as I cannot now conceive how the valt number of Hori-
zontal Veflels which are feen in the Cork, and of which
the whole Cork confifts, can be produced by the Wood
thereof,
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IL Microfcopical Obfervations on the Blood VelJels and
Membranes of the Inteftines.  In a Letter to the

Royal Society from Mr. Anthony Van Leeu-
wenhoek, F. R. S

Delft in Holland, April 20. 1706.

Take the Liberty to acquazint your Honours, that

Profeffor Bidleo came to my Houfe March 7. defiring
me that he might view thro’a Microfcope a little piece
of Gut, which, he faid, was part of the Bowels of a
Woman ; whereupon I having {eparated a {mall Particle
thereof from the reft, we difcovered in one of the thin
Membranes, of which, for the moft part, the Gut is
compofed, a great number of little Fibres and Veliels,
which lay in great Maltitudes over and acrofs each other,
as alfo fome Particles of Fat, which lay like Bunches of
Grapes upon the (aid Fibres.

After that the faid Profeflor Bidleo was gone, T was
defired, that:in cafe I had difcovered any thing remarka-
ble in that little piece of Guat, I would give a briet Ac.
count of it

Whereupon the fame Evening I writ to tlie Perfons
who defired tliar of me, that I was conflidering whicher
or no thole Particles of Fat, which we had difcoverad,
might not be fuppofed by many People to be Glands or
Kernels, and that the {ame were to be found likewile in
the Skin 3 and the rather, becaufe that I have dilcovered
in the Skin and Guts of Animals none of thofe Glands,
of which People talk fo much, but Particles of Fat in
great number.
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Mr. Bidlpo having acquainted me how this Woman
died, Twrit to him thereupon, as follows,

When I obferved that little piece of Gut, that was un.
prepared, nicely thro’ my Microfcope, I could perceivea
great Quantity of Blood lying without the Veflels, which
I never did difcover in the Guts of other Animals before
from whence | concluded, that as a great many Animals
lole their Lives by the fpilling of their Blood, that fame
Blood, notwithftanding the quicker Motion -of the Heart
in the Pangs of Death, continues its Circulation : Where-
as in thofe that are Hanged or Strangled, as this Woman
was, the Circulation of the Blood is in a great mealure
interrupted by the Rope: To which, if you add the
difmal Thoughts of approaching Death, upon Account
of the deferved Panithment they undergo, (which Thing
does not occur in Beafts) and the-great Concern at that
time, there will be a much greater protrufion of the
Blood of a Rational Creature, than that of a Beaft,

Now the Blood being protruded out of the Heart in
great Quantitics at once, and not being able to circulate
with the fame quicknefs thro’ the fmall Vefilels, I {up.
rofe that the Tunica’s or Coats of the exceeding {mall
Veflels are fo extended, that the Blood filtrating thro®
them, is found in great Quantities without the Guts,
where it is dried upon the extream Membrane or Skin,
and is found in little Lumps here and there without any
Order.

Soon after this, having acquainted Profeflor Bidlso
with thefe my Thoughts, he had the Goodnefs to fend
me, on the 12th of March, two Diflertations fubfcribed
with the Name of Pefer Evertfé, in Latin 3 from whence
z day or two after it was explained tome, that the Wo-
man to whom that Gut belonged had been Hanged, and
that in her Life-time (he was troubled with a Falling-

Sicknefs,
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[a the faid Diflertations I obferved three diftind
Draughts of the Figure and Form of the f2id Gut, and
taken by the help of a Microfcope ; and foralmuch as
thefe Figures did not agree with my Oblervations, I have
tiken the Liberty to delineate fome {mall Particles of the
faid Gut, juft as they appeared to me thro’ feveral Mi-
crofcopes, hoping that it will not be taken ill of me.

Ithen placed a {mall Particle of the faid Gut with the
Outfide thercof before a Microfcope. to fhew how the
Blood lay coagulated upon the extream Membrane of the
faid Gut which was-un{peakably thin,

Fig.x. A, B, C, D, E, F, (hews the Blood as it lay
fpread within a {fmall Compafs upon the oatmolt Mem-
btane of the Gut.

By G, G, G, G, we reprefented the Oblong fort of
Drops, where the Blood had been protruded in an extra-
ordinary thicknefs, and was coagulated like that Blood
that lay upon thofe Parts which are defcribed by B, C,
D, E, and F.

Now as we fee how this Blood was protraded thro’ the
Veflels of the Gut, we may very well fuppofe that the
fame. happens in other Parts of the Body.

After this I feparated the Membranes of the Gue, fo
chrefully from one another, that I imagined I was come
to the innermoft Membrane 5 but after that I had obfer-
ved it with greatet Curiofity, 1 difcovered that that Mem-
brane which is here defcribed by Fig, 2, H, I, K, L, M,
N, O, P, Q, which is the Circumference of it as.it ap-

ared to the Painter, was a double Membrane.

In this (mall Particle, which was drawn thro® a larger
Microfcope than that of Fig. 1. there were fuch a vaft
number of fmall Veflels and Fibres, that it is almoft in-
conceivable, as it was impofiible for the Painter te de-
feribe all thofe that he {aw of them, efpecially by rea-
{on of thofe two thin Membranes lying one upen the
ather ; for how thin 2 Membrane foever one placesg;
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fore the Microfcope, if it be not broken, one can difco.
ver not the lealt Hole or Paffage in it 5 and when one of
thefe mall Fibres or Veflels appear to the Eye, tuey dil-
appear as foon and efcape the Sight 5 partly becaufle they
are cover'd by other ‘Particles that lie by or near them,
and partly becanfe they are torn from the Membrane thac
Lies upon them, to which they had been before united.

By L, M, N, O, are reprefented the little Vellels or Fi-
bres, which by being feparated are {tanding cut of the

Membrane.
Now as for thofe Veflels which are dilcovered in the

aforefaid Membranes, it is impoflible for me to judge
whether they are Areeries, Veins, Lacteal, or Lymphatick
Veflels 3 for altho’ there are divers Arteries and Veins in
fuch a thin Membrane as is here reprefented,and tho' there
were Blood in them, yet cannot that Blood be difcover-
ed, becaufe in fuch fine Veflels it lofes its Colour 5 be-
fides the Globules of Blood in fuch exceeding fmall Veins
and Arceries, if they are not diffolved of themfelves, yer
by the Expanfion of the Gut to bring it into a flat po-
{ture, they muft neceffarily be difperfed and diffolved.

In the faid Figure by R, R, R, R, R, and upon more
other Places are reprefented the little Globules of Fat,

I placed before another Microfcope a lictle Particle of
the faid Gur, in which, to the beft of my Power, I had
feparated the Membranes that lay upon one another, and
that compofe the thicknefs of the Gut, in order to f(ee
them the better.

InFig. 4. ByA, B,C, D, E MP, W, 48 d
X, Y, R, O, L, is reprefented a {mall Particle of the Gut
(becaufe it fhould jt (hould not take up too much Paper)
wherein none of the Parts are defcribed, becaufe it is
only to thew how the Membranesare {eparated from each
other 5 the Circumference of the extreamelt Membrane,

of which, together with the Coagulation of the Blood
170%n
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upon it after it had been protruded thro' the fmall Veffels,
is-reprefented by A, B, C, D, E, F, G, H.

The uppermoft Membrane is of an exceeding thinnefs,
and very near of fuch a Form, asin Fig. 2.

In the abovementioned Fig. 4, A, G,F, LK, L, is re-

efented the third Membrane; L, K, I, M, N, O, the

urth 3 O, N, P, Q R, the fifth; P, T, V, thefixth 4
P, W, X, Y, the feventh 5 and by W, ¢, b,¢, d, the eighth
Membrane.

So that the abovementioned Gut, as far as we have
been able to, reprefent it here, confilts in Subftance or
Thicknefs of eight Skins or Membranes lying upon one
another.

Between two of the faid Membranes [ obferved, that
there lay fome Fibres without any Branches or Sprigs pro-
ceeding fromthem ; and purfuing my Obfervations, there
occur'd te-my fight fome other fmall Fibres lying clofe
to the reft, which feem'd to me to be torn from other
Parts 5 and a little on one fide there lay one of thofe Par-
ticles, which I caufed the Painter to view thro’ the Mi-
crofcope, and to draw it as it appears here in Fig. s.
AB,CD,E |

But pufhing on the faid Obfervations farther, and
meeting with very few of the fame ﬁggcaranccs, I con-
fidered whether this Figure might not be purely acciden-
tal by its fhrinking:

1 did alfo obferve, that about the Blood-Veflcls which
I have already told you, I difcovered, as it were fhut up
under the outmoft Membrane, a great many Fat Particles
lying ; from whence I concluded, that the Woman, who
was the Owner thereof, had been very Fat.

I caufed fome few of thofe Particles of Fat to be drawn
by my Painter, only to {how you how thofe faid Parti-
cles lic near a Blood-Veflel 5 they are defcribed by Fig. 6.

F,G, HL
I When
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When we confider the great Protrufion of Blood with-
out the Veflels, as itappeared to our Eyes by the help of
a Microfcope, we may {uppofe that {uch Protrufion or Ex-
pulfion of the Blood was occafion’d by a great and {udden
Fright or Sorrow, or any other Paffion ; from whence we
may conclude, that in any fuch Accidents Bleeding is
highly neceffary,in order to give the blood room enough
in the Veflels for a free Circulation,

Now if the All. Wife Creator had not covered thofe
Blood-Vefiels that lic upon our Bowels, which to our
Natural Sight feem, as it were, to lie naked, with a very
thin, but a very (trong Membrane 3 that Blood, which,
as is faid before, is forced thro’ the Veins, would run in-
to the Cavity of the Belly, and there {tagnating in great
Quantities would rot and putrify, and confequently
Death mult follow : Whereas now, as it is found ro lie
in {mall Parcels on the Bowels and other Places, it may
be eafily diffolved again s which, if it were not, it
would be the Caufe of one’s Death, or at lealt of Sick.
nes: But pardon me, that I have gone thus far beyond
my Laft.

L. An
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extract this Subftance, and broke fome Part of it off,
but was forced to dilate the Reffum, and fo extract
it that Way. It was a hard unequal ragged ﬂmt]}
Stone, [[ee the Figure of it in TaB. 1V. a4t F. ] was
Ten Inches and an half round, and weighed Eight
QOunces and an half, after it was cxtra&ed. The W0~
man has been eafy from that Moment; the Wounds,
by the Care and Skill of her Chirurgions, are healed ;
fhe goes about her Bufinefs, has got a good deal of
Flefh, and is recovered perfeltly, except a Numbne(s
and Contraltion fhe has in fome of her Fingers of
both Hands, and both Feet and Tocs.

F. Mackarnefs.

IX. ;fu Account of My. Leeuwenhoek’s Mi-
crofcopes 5 by Mr. Henry Baker, F. R.S.

Aving been favourcd by this lNluftrious So-
CI1ETY with an Opportunity of examining
the much-talked-of Microfcopes of the famous Mr.
Leeuwenboek, who, by his Glafles, made fuch won-
derful Difcoveries in the Minuzie of Nature, as have
laid the Foundation of a Philofophy unknown to
preceding Ages; Ithink it incumbent on me to thew
the Ufe I have been making of them.

Upon opening the Cabiner that contains thefe
Microfcopes, I laid before me an Account of them,
drawn up, and prefented to this Soc1ETY, tome
Years ago, by its prefent worthy Vice-Prefident
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Martin Folkes, Efqs * and found it fuch an exaét and
full Defcription of their Strufture and Ufes, as renders
any farther Attempt to that Purpofe intirely neediefs,
1 had likewife the Pleafure to find, that the judicious
Obflervations of this Gentleman, on the Goodnels of
the Glafles, and the admirable Dexterity of Mr. Leen-
wenkboek in the Management and Application of the
Objedts fitted to them, had redoced my Tazk to (o
narrow a Compafs, that little more is left for me to
offer than a Calculation of their magrifying Powers,
fome Reflections arifing from fuch Calculations, and
a bricf Account of what Improvements in Micro-
{copes have lately been made among(t us.

In order to this, the firlt thing I went about, was
to view atcentively the Objells applied to thefe Mi-
crofcopes by Mr. Leewwenboek himlelf, which Mr.
Folkes has given a Lilt of in his Account; but the
arcatelt Part of them were, I found, deftroyed by
Time, or ftruck off by Accident; which indeed is no
Wonder, as they were only glewed on a Pin's Point,
and left quite unguarded. Nine or Ten of them,
however, are fill remaining ; which, after cleaning
the Glafles, appeared extremely plain and diftindt, and
proved the great Skill of Mr. Leenwenboek, in adapting
his Objeéts to fuch Magnificrs as would fhew them
beft, as well as in the Contrivance of the Aperturcs
to his Glafles, which, when the Objeét was tranfparent,
he made exceeding fmall, fince much Light in that
Cafc would be prejudicial : But, when the Objeét
itlelf was dark, he inlarged the Aperture, to give it

* Philofaphical Tranfai¥ions, IN9380.
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all poflible Advantage of the Light——The Lens
being fct fo as to be brought clofe to the Eye, is alfo
of great Ule, fince thereby a larger Part of the Ob-
jeft may be {cen at one View.

It mult be remembered, that all thefe Microfcopes
are of one and the [ame Strufture, and that the moft
fimple poflible, being only a fingle Lens, with a
moveable Pin before it, on which to fix the Objedt,
and bring it to the Eye at Pleafure.

Though I was fenfible it mult colt much Trouble
to mealure the focal Diltances of thefec 26 Micro-
fcopes, and thereby afcertain their Powers of mag-
nifying, I confidcred that, without fo doing, it would
be impollible to form a right _i]_udgmcnl; of them, or
make any realonable Comparifon between them and
our own. This Task thercfore I have performed,
withh as much Care and Exaftnefs as [ was able; and
have fhewn, in the following Table, how many of
them have the fame Focus, and confequently mag-
nify in the fame Degree; how many times they
magnify the Diameter,. and how many times the
Superficies of any Objects applied to them. I have
given the Calculations in round Numbers, the Frac-
tions making but an inconfiderable Difference; and
hope any Miftakes I may have made n fo nice a
Martter will be exculed.

Ttt A
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A Table of the Focal Diftances of Mr. Lecuwenhock’s 26
Microftopes, caleulated by an Inch Scale divided into 100
Partss with a Computation of their magnifying Powers,
to an Eye that fees (mall Objeits at 8 Inches, which is the

common Standard.
Micro- Diftance  Power of mag- Power of mag-
fcopes with of the nifying theDia- nifying the
the fame  Focus, meter of an  Superficics.
Focus. Object.
Parts of an Inch. Times. Times.
*r. . ok . 160 . . . . 25600
I. . % . . . 133 nery. . 17689,
I . .-%5 . « » 114 nearly. » .« I209006.
3.« qap o+ = o« 100, . . . . ICCOO.
3. 3 e +. Sgalmoft. . . 7027 almofl.
B e e o in B8 G5 5 . 6400,
2. . T8 + + =« 72 fomething more, . 5 184 fomething more.
3+ + Tas s+ e o« . 66neuly. « + 4356 nearly,
- +i e e 57+« . . 3240,
1. . L « + « §3 neatly. « + 2800 nearly.
_ L. + « « « 40. . . . . 1600C.
26.

—

* This largeft Magpifier of all is in the Box marked 25.
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It appears, by the foregoing Table, that One only
of thefec 26 Microfcopes is able to magnify the Dia-
mecter of an Objet 160, and its Superficies 25600
times; all the reft falling much fhort of that Degree.
And therefore, I am fully perfuaded, and belicve I
fhall be able to prove, that many of the Difcoveries
Mr. Leeuwenboek gives an Account of, could not
poflibly be made by Glales that magnify no more than
this.

I beg Leave to obferve, that our Cabinet is but the
Sccond in Mr. Leenwenhoek’'s Colle€tion, and is very
far from containing all the Microfcopes he had, as
many wrongly have imagined. We find here indeed,
26 Microfcopes in 13 little Boxes: Each Box contains
a Couple of them, and is marked in Two Places
with a Number, to diftinguifh it from the re(t. But
as the firlt of thefe Boxes is marked 15, and the reft
with following Numbcrs on to 27; it neceflarily
implies there were 14 preceding Boxes, fince no Man
begins with the Number 15.——Mr. Leenwenbock,
then, had another Cabinet, that held 14 BDoxes before
ours in numerical Order, and probably each Box
contained a Couple of Microfcopes, as our Boxes do.
But, beflides thefe Two Cabinets, he had feveral
other Microlcopes of different Sorts, as his own
Woritings will make appear.

The Cabinet now before us feems to have been
only his Repofitory of Objeéts ; for every Microfcope
herein was engaged by an Objeét affixed to it, and
thercby rendered ufelefs for any other Purpofe;
whereas thofe he employed in his daily Obfervations
muft have been always ready, and at full Liberty,
to examine whatever offered. Many of them too
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muft certainly have been muoch greater Magnifiers
than any in our Pofleflion.—And we are aflured
by himifelf, that {uch he had ; for he oiten mentions
his fhitting Obiedts from his common to his better,
and tiience to his moft exquiite Microlcopes: And,
betides, {in the Second Volume of his Works, Part
ild. pag. 200.) helays,  Mibi quidem funi centum
“ cemtumgue Micrsfeopra, &c. ¢ 1have an hundred
“ and an hundred Microfcopes, moft whereof are
“ able to thew Objelts fo diftinftly, even in the
¢ cioudiet Weather, and by Day-light only, that if
“ the Animalenla in Semine mafculine of Animals
¢ had the Extremity of their Tails torked, (as de-
“ feribed by a certain Writer) I thould eafily have
“ difcovered it."——Among this Number, many,
without doubt, were contrived for the Examination
of Fluids, fince great Part of his Oblervations were
made on them : He informs us alfo, that his Method
was to put them into an exceeding {mall or capillary
Tube of Glals, which there does not feem to be any
Means of applying to the Microfcopes in our Ca-
binet, even had they been at Liberty ; and much lefs
for the larger Tubes he made ufe of to view the Cir-
culation of the Blood in Frogs, Eels, Fifbes, ¢rc. his
Apparatus for which we find in the Fourth Volume
of his Works, pag. 180.~—DBut to proceed :

Mr. Leeuwenboek, in a Letter to this SOCIETY
concerning the Animalcula obferved by him i the
Semen mafculinum of a ‘Daeg, which he defcribes and
gives a Draught of, fays, they were fo minute, that
he believed a Million of them would not equal the
Size of One large Grain of Sand. Vol. I. PartI. pag.
160. Again, in his 113th Letter, fpeaking of the

Lo
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Semen wvirile, he declares, that a Million of the
Animalenla {cen therein would not equal a large
Grain of Sand; and yer he gives a full Defcription
of their Form; for he fays, their Bodies are roundifh,
fomewhar flac before, but ending tharp behind, with
Tails cxceedingly tranfparent, Five or Six timecs
longer, and about Five times flenderer, than theit
Bodies; f{o that their Figure cannot better be repre-
fented, than by a {mall Earth-nut with a long Root
or Tai.

Now the Focus of the greatet Magnifier of his
being <& of an Inch, as near as can well be mea-
furea, it is capable of magnifying the Diamerer of
anObject (to an Eye that fees fmall Objeéts beft ac
Eight Inches) no more than 160, and the Superficics
%5600 times: So that Objelts, One Million whereof
fcarce equal a Grain of Sand, viewed through fuch
a Lens, (as only the Superficies can be feen) could
appeat no larger than Two Grains and half of Sand
would be to the naked Eye; and I fubmit it to be
confidered, whether that is not too {mall a Size {or
any Man to defcribe fo particularly, and dclineate
the Form and Parts of,

But Mr. Leenwenhoek goes yer abundantly farther :
For, to mention only one Inftance, of which there
arc feveral in his Writings; he tells this Socrery
in his Letter of Fady 25. 1684. that he could difcern
Veflels in the human Eye, fo amazingly minute, that,
defiring to know their Smalnefs, he meafured them
by the Diameter of a Grain of Sand, (the Procefs of
which Menfuration is there fet down) and found by
arithmetical Calculation, that a large Grain of Sand
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muft be divided into * Eighteen thoufand Three
hundred Ninety-nine Millions Seven hundred Forry-
four thoutand Parts, ere it can be (mall enough to
enter thele minute Veflels.—What fhall we now
(ay :i——\Why, in regard to the Memory of this great
Man, to whom the World, and this Soci1eTY, are
mucih obliged, I muft inhift, that he certainly had
Glafles, that were much greater Magnifiers than any
we have of his.

It may perhaps be objedted, that Mr. Leenwenboek
declares, he did not ufe fuch {mall Glafles as fome
People boafted of ; and thar, although for 40 Years
together he had been poflefled of Glafles exceedingly
minute, he had employed them very feldom; fince,
in his Opinion, they could not fo well ferve to make
the firft Difcoverics of Things, as thofe of a larger
Diameter. In Ani{wer to this, I muft beg Leave to
oblerve, that Mr. Leewwenboek, in this Place, is
refleGting on a certain Phyfician, who boafted of an
extraordinary 4 Microlcope fcarce bigger than a vilible
Point, whereby he pretended to difcover the 4n;-
malcules in Semine virili to be exaltly of an human
Shape, with only a Skin over it. For he fays, that
while he was artentively obferving thefe Animalcules,
one of them (a little bigger than the reft) prefented
itfelf, having almoft {lipped off its Skin: And then
there plainly appeared Two naked Thighs and Legs,
a Breaft, and Two Arms, above which, the Skin
being thruft up, covered the Head as it were a Cap.,

* Val. 1. p.39. + Epift. 116. Vol IL PartIL pag. 84.
The
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The Sex he confeffes he could not diftinguifh, and
adds, thar it died in endeavouring to get clear of the
Skin,

Mr. Leewwenhoek very jultly expofes this romantic
Difcovery, pretended to be made by this Speck of a
Microfcope; and takes occafion therefrom to let us
know, he does not think fuch minute Glafles are fo
much to be depended on as thofe of a larger Dia-
meter.  But there are {o many Degrees between the
fmalleft Glafs we have of his, (whofe Focus is at &~
of an Inch) and this almoift invifible Point, that we
muft not infer from hence he ufed none of a Size
between. Nay, this very Letter feems to imply the
contrary ; for it tells us, that, in examining the Semen
virile, he made ufc of Eight or Ten Microfcopes
of different magnifying Powers: But as all the Mj-
crofcopes we have of his, have Objeéts faftened to
them, and belides have no Apparatus for Fluids, I
think they could not probably be the fame he em-
ployed for that Examination. May we not rather
fuppofe he had Eight or Ten different Sizes of Mi-
crofcopes, that magnified more than ours? For we
know, Fluids require to be examinined by the greareft
Magnifiers; and doubtlefs he made ufe of fuch for
that Purpofe.

There is no Advantage in employing a greater
Magnifier for any Obje&, than whart is requifite to
fhew the fame diftinétly; but when the Obje&t is
exceedingly minute, the magnifying Power of the
Glafs muft be proportionably grear, or elfc it will be
impoflible to fee the Object clearly. A Lens, (for
Example) that fhews a whole Flea diftindly, mag-
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nifies not near enough to thew the Animalcules in the
Semen of that Flea.

I am fenfible, that Mr. Leewwenboek, by. long
Mraflice, and uncomimon Attention, might be able to
diftern many Objects with thele Microlcopes, which
orthers, lels accultomed to Obfervarions of this kind,

cannor readily do: His Eyes too might be fomewhar:

different from the Standard I mecafure by. Bur all
thefe Allowances will not, I think, fufhce to re-
concile the Paflages I have quoted with the Powers
of the Glafies under Examination.,

While I was overlooking thefe Microicopes of Mr.
Leewwenhboek, an Opportunity prefented of examin-
ing and comparing with them a curious Apparatus
of Silver with Six different Magnifiers, belonging to
Mr. Folkes, and then newly made for him by Mr.
Cuff, in Fleetffreer. —The Body of this Inftrament,
into which the Glafles are occafionally to be faftened,
is after the Fathion of Wilfon's Pocket Microfcope,
and contrived to fcrew into the Side of a Scroll
fixed on a Pedeftal, from which a turning Specu/um
reflects the Light upwards upon the Objeét: It islike-
wife contrived to be ufed with the Apparatus of the
Solar Microicope : Defcriptions and Figures of both
of which I have fince given in a Book intituled, The
Microfcope made eafy. Edit. 24. Lond. 1743, 8e.

I mecafured the focal Diftances, and magnifying
Powers, of the Six Glafles, and found them to be as
follows:
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A Table of the Six Magnifiers belonging to Myr.
Folkes's Microfiape, ﬁ::fﬂrrd by an Inch Scale
divided into an hundred ‘Paﬂ.f, with a Com
tation of their Powers, to an Eye that ﬁ
Objelts at Eight Inches.

Glal- Diftance of Magnifies the Magnifies the

fes.  the Focus. Diameter. Supetficies,
it. .. <55 ofanInch, .. 400. .. 160,000.
zd! F w ?t’-ﬂ - - " - - 153‘- L L[] ESJﬁ'ﬂﬂr

i
sd' L n,ﬂ " - " - w Iﬂﬂq - . Iﬂ:ﬂﬂﬂ.

+th.i-  w -‘—& . 44.. " & I,g;ﬁ.
sth, . . & . w o ow BB eew  BY6.
6th., . . = v o« . I6. ... 256,

The above Calculation thews, that Mr., Folkes's Firft
Glafs magnifies the Superficies of an Objeét Six times
as much as the greatelt Magnifier of Mr. Leewwen-
hoek : And that the Animalcula (a Million whereof,
he fays, fcarce equalled the Bignefs of a Grain of
Sand) would, if viewed with this Magnifier, appear
as large as Sixteen Grains of Sand do to the naked
Eye. And I cannot fuppofe but Mr. Leeuwenhoek
had Glaffes to magnify even more than this, though
they are not come to us. For I cannot otherwife
conceive, how he could oblerve the Animalcules in
the Semen mafculinum of a Flea, and of a Gnat, as
we find he did, (Vol. IV. pag. 21, 22.) or affert, as
he does in the ftrongeft Terms, (pag. 23.) that he
could fec the minutelt Sort of Animalcules in Pep-
per-water, with his Glafles, as plainly as he could
Swarms of Flies or Grats hovering in the Air with

Uuu his
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his naked Eye, though they were more than Ten
Millions of Times lefs than a Grain of Sand.—And
left this thould be imagined only a random Guefs,
he gives immediately a regular Arithmertical Calcu-
lation to prove his Computation right. But [ believe
we muft all be fenfible, that no Glafles in this
Cabinet are able to render fuch minute Objetls
diftinguifhable,

I am defirous to do all poffible Juftice to thele
Microfcopes, by acknowledging their Excellence, as
far as their magnifying Power extends: But I {hould
do Wrong to Mr. Leenwenboek, thould I fuffer the
World to believe thefe were his greateft Magnifierss
fince whoever hereafter fhould examine them with
that Imagination, would be apt to entertain a bad
Opinion of his Veraciry.

Experience teaches, that Globules of Glafs extreme-
ly minute, though they magnify prodigioufly, are
feldom able to fhew Objeéts fufficiently diftinét, and
therefore are very apt to lead People into Errors:
Which certainly was a good Reafon for Mr. Leeuwen-
boek's rejelting them: But a ground convex Lens,
though much {maller than any of his before us, if
rightly applied, will thew exceedingly minute Ob-
jets magnified to a furprifing Degree, and with
fufficient Light and Clearnefs, as Mr. Folkes's Firft
Glafs witnefles,

I hope I fhall not be imagined to intend any Dif-
refpect to this famous Man, if I fuppofe, that our
prefent Microfcopes are much more ufeful and con-
venient than thefe of his. Let him always be
remembered with the higheft Honour, for the won-
derful Difcoveries he made, and the Microfcopes he

2 has
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has left us, which are indeed extraordinary, when
confidered as the Firlt almoft of their Kind: Let us
reverence him as our great Mafter in this Art.  But
the World fince muft have been firangely ftupid, if
it could have improved nothing, where there was
room for fo much Improvement. I do not mean as
to the Glafles (for the Goodnefs of thefe before us,
gives jult Reafon to believe he might have others as
cxcellent as can perhaps be ever made); but as to
the Struture of the Inftrument they are {ct in, and
the Manner of applying Objelts to them., And I
fan{y moft People will allow, that hercin great Im-
provements have been made: And it is with Plealure
I find, that a large Share of the Credit belongs
to our own Countrymen.

One thing alone (which, when {lightly confidered,
may appear but trifling) has conduced greatly to
thefc Improvements ; and that is, the making ufe of
fine tranfparent Muftovy Talc or Ifinglafs, placed in
Sliders, to inclofc Objeéts in. Had Mr. Leenwenbock
known this Way, it would have faved him a vaft
deal of Expence and Trouble: For then, we may
realonably fuppofe, inftead of making an intire and
feparate Microfcope for every Object he was delirous
to keep by him in Readinefs to thew his Friends, he
would probably have fecured his Objects in Sliders,
as we at prefent do, and have contrived fome fuch
Means as ours, of fcrewing his feveral Glaffes of
different magnifying Powers, occafionally, to one
and the fame Inftrument, and of applying his Sliders
to which of them he judged beft.—A few good
Glaffes, gradually magnifying one more than other,
would, by fuch a Method, have anfwered all the

Uuu 2 Pur-
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Purpofes of his great Number, and his Obje&ts would
have been preferved in a much better Manner.

I fhall forbear troubling you with the different
Microfcopes invented by Flfon, Marfbal, Culpeper,
Scarlet, and others, (though all deferving Praife) fince
you are already fo well acquainted with them : But
Two extraordinary Improvements have appeared
within thele Two Years, which I beg Leave to lay
before you, as I think it has not been yet done.—
1 mean, the Solar or Camera Obfcura Microlcope,
and the Microfcope for opake Objeéts. Both thefe
Inventions we are obliged for to the ingenious Dr.
Liberkbun, who, when he was in England laft
Winter was Twelvemonth, fhewed an Apparatus of
his own making, for each of the(e Purpofes, to feveral
Gentlemen of this SocieTy, as well as to fome
Opticians, amonglt whom Mr. Cuff, in Fleetfireet,
has taken great Pains to improve and bring them to
Perfeition; and therefore the Apparatus prepared by
him is what I am about to defcribe.

This Solar Microfcope is compofed of a Tube, a
Looking-glafs, a convex Lens, and a Microfcope.
The Tube is of Brafs, near Two Inches in Diameter,
fixed in a circular Collar of Mahogany, which, turning
round at Pleafure, in a fquare Frame, may be adjufled
cafily to a Hole in the Shutter of a Windew, in fuch
a Manner, that no Light can pafs into the Room but
through the aforefaid Tube. Faftened to the Frame by
Hinges, on the Side that goes without the Window, is
a Looking-glafs, which, by means of a jointed brals
Wire coming through the Frame, may be moved
cither vertically or horizontally, to throw the Sun’s
Rays through the brafs Tube into the darkened

Room,
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Room., The End of the brafs Tube without the
Shutter has a convex Lens, to colle& the Rays, and
bring them to a Focus; and on the End within the
Room, Wilfon's Pocket-Microfcope is ferewed, with
the Obje&t to be examined applied to it in a Slider.
The Sun’s Rays being direfted by the Looking-glafs
through the Tube upon the Objelt, the Image or
Picture of the Obje&t 1s thrown diftinétly and beauti-
fully upon a Screen of white Paper, and may be
magnified beyond the Imagination of thofe who have
not feen it.—1I affifted lately in making fome Expe-
riments with Dr. Alexander Stuart, by mecans of
this Inftrument, and a particular Apparatus contrived,
by him, for viewing the Circulation of the Blood in
Frogs, Mice, &c. and had the Pleafure of beholding
the Veins and Arteries in the Mefentery of a Frog
magnified to near Two Inches Diameter, with the
Globules of the Blood rolling through them as large
almolt as Pepper-corns. We examined allo the
Strufture of the Mufcles of the Abdomen, which
were prodigioufly magnified, and exhibited a moft
delightful Piture. Bur, as the Doftor intends him-
felf to communicate to you an Account of thefe
Experiments, 1 will not anticipate your Pleafure.

The Microfcope for opake Objelts remedies the
Inconvenicnce of having the dark Side of an Objett
next the Eye: For by means of a concave Speculum
of Silver, highly polithed, in whofc Centre a mag-
nifying Lens is placed, the Obje&t is fo ftrongly illu-
minated, that it may be examined with all ima-
ginable Eafe and Pleafure.—A convenient Appa-
ratus of this kind, with Four different Specula, and
Magnifiers of different Powers, has latcly been broughe
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to Perfection by Mr. Cuff’; whofe Copper-plate and
Defcription of it, as it will fave much Trouble, and
make me better underftood, I take the Liberty, at his
Defire, to prefent herewith, together with his printed
Account of the Solar Microfcope, the Pocker Mi-
crofcope, and the Microfcope before fpoken of, with
a Scroll, Pedeftal, and Speculum, of which there ate
alfo Copper Plates. Thefe, with the large double
reflefting Microfcope, are, I think, the chief, if not
the only ufeful Sorts now made in England.

I muft not omit taking notice, that Mr. Leewwen-
hoek fays, (in his Second Volume, Part II. pag. 93.)
that fomctimes, to throw a greater Light upon his
Objeéts, he ufed a fmall convex Metal Speculum.
How he applied ir, I will not pretend to guefs; but
it is highly probable our double refle&ting Microfcope
may be owing to this Hint. I muflt alfo obferve
farther, that in the Fourth Volume of his Works,
pag. 182, after defcribing his Apparatus for viewing
Eels in gtals Tubes, Mr. Leenwenhoek adds, that he
had another Inftrument, whereto he {crewed a Mi-
crofcope fct in Brafs; upon which Microfcope, he
tells us, he faltened a little Dith (of Brafs alfo, [
fuppofe), that his Eye might be thereby aflifted to
fee Objects better : For he fays, he had filed the Brafs
which was round his Microfcope, as bright as he
could, that the Light, while he was viewing Objeéts,
might be refleted from it as much as poffible.
This Microfcope, with its Difh, (which I give an exaét
Copy of from the Pitture in his Works) feems fo
like our opake Microfcope with its filver Speculum,
that, after confidering his own Words, I {ubmit to

your better Judgment, whether he is not properly
the

108



[ 519 ]

the Inventor of it. His Words are thefe,—* Supra
“ hoc Microfcopium Catillum ferruminavi, ut oculus
“ objefta tanto melius videret: nam cuprum circa
“ Microfcopium, quantum pote, lima abraferam, ut
“ Lumen in confpicienda objefta, quantum pote,
¢ jrradiaret.”

See the Figure of this Apparatus in Tas.1V. at G.

X. An Inquiry into the Caufes of a dry and

wet Summer. By an anonymous Hand.

HE wet Weather which we had in March
1734. (the Year beginning with Fanwary) fet
me on confidering what might be the Caufes of ir.
The Wind was then, generally, South-weft, the

Weather rainy. Sometimes it veered to South-eaft,.

which, commonly, brought much Rain: But the
Wind feldom (tood at that Point 24 Hours, before it
returned to South-weft again. A ftrong Gale at
South-weft, with Rain, would be fucceeded by as
fireng at North-weft, ftill raining; bur if the North-
welt continued 24 Hours, it cleared the Sky. The
Summer following was cold and wet; the Wind on

the fame Points. The preceding Winter was mild,.

and efpecially “December, in which Month, from the
1oth inclufive, the Wind blew, generally, South-wett,,
fomenimes ftrong, attended with much Rain. At
the End of “December, the Birds fang, and the Grafs

did grow as at other Years in the Spring.
The Winter of 1734. was as mild as that of 1733.
the Birds as joyful, and the Grafs as green at the End
of

109



110



9. Appendix II1.

I. Micrographia Interactive E book

The following inserts are from an interactive copy of Micrographia. This will allow students to

virtually turn pages and observe drawings from the original copy of Micrographia by Robert

Hooke. It can be accessed on: http://archive.nlm.nih.gov/proj/ttp/flash/hooke/hooke.html
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10. Appendix IV.

I. Extra Materials for the Miller-Urey Experiment

The unit for the Miller-Urey Project was not fully designed however an important historical
document is included below to be used in the course. This will provide students the chance to
experience science and how it was perceived in the 1950s before DNA was thought to be the

genetic material.

The document below is a journal article is the original publication by Stanley Miller on his

famous experiment (Miller, 1953). This can be accessed for free on jstor.com.
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A Production of Amino Acids under Possible Primitive Earth Conditions

Stanley L, Miller
Science, Now Serics, Volume 117, Issue 36 (May 15, 1953), 528.529,

Suibde URL;
e ik gt or gt Y =036 RO TS 28 195305 1 5% 2035 34 L 175 3AMMA T 30 B 3A APOA AURIELO.COMIBE

Yomr use of (b JATOR archave indicates vouar peceptance of JSTOR s Terms amd Conaditioms of Use, availabde al
hupfweww eor orgfaboutfems iiml. I5TOR s Terms and Conditions of Llse provides, i part, that uiles you
e abaained prior penmission, oo may e downlosd anenee ssue of a jovnal or moliapk: copies of anickes, and
R iy use eandent in the JSTOR archive caly for your persenal, nim-commercial mse,

Bach copy of any pan of a JSTOR ransmissicn must contain the seme copreright notics that appears on the screen of
primteid page of such ransmission,

Setevece i published by Smeniemn Asseciaion for the Advancement of Science. Pleass comtact the pablicher for
Turibeer permissions reganbmg the use of thas work, Pablisher comiact infommation may be obbains] ol
hupeffwesow pitor. orgdjou ikt uml

Srierace
L1953 Americin Asocastion lor the Advancement of Sewence

FETOR and the JSTOR logo s irdermarks of JSTOR, and are Registered in the UL, Pawenl sl Tradesmark Offee.
For st informrsion ¢ IS TOR comtact Sear-infs @ amich s,

AN ISTOR

Bipetiweaw, jstar, orgd
Thu Jul 25 {9:23:40 2XK)2

114



tos of the eompounds manomedrioslly {5}, In the
oilir, the matorial ix applied to the paper along 8 em
of the baae line rather thar ak s spot amd, albor moaole-
thom, neens B 0 e containing the vorions compouds
arp ot from the peper and rolled s shel] visle Ten
neesihetizend housmflies s thon treduesed inge eseh
vial, and the wxicty of the eomponnds in charetar-
imd by rate of knockdown and 2d-he martality.

The paper chromatographie methed {s nseful in
sl ying the motsholism of phophornes Deeetieldes in
planta, mammals, snd insects. 'With It. for example,
-wa havo beon able to demesefeate the eosversion of
porathion s its methy] afalog Lo the eorremposling
phosphates by an enzyme systim Tousl in Periplaucta
nmwiriceon (L.} (). Furlber stulies am in progress
The methad has also been of valoe in sodymg the
netiom of heat on porified pernthion nnd methyl para-
thion nndl in i=olnting the eompounds formed and in
stadying their biologienl properties (1),

Raleriaces

A, BErosrr, B L, and Migen, B B, Te ba poldihel

3 —— Are Entsmal. i‘m..l.nn' {ln presel.

LY T::‘:I];I nevaET, T H., el Tisrors, A, Endpuar, 104, =00

b

i 1.|':|M1H L B, amd Iullll'ﬂl?ldl?n-\I . A, Nxlure, 184, 1107
imn,

& Murcsry, B L., ani Hl.ll:'u.,.ZH B . Biod, Babaidal, 44,
Ta1 {10ah.

Mannseript resslved Beplomber L5 103,

A Production of Amino Acids Under
Possible Primicive Earth Conditions

Seanley L. Milles® * |

G, H. Jower Clvmical Labsratory,
Uadversiiy of Chivags, Clricage, [iine

The iden that the organie eompounds that serve ns
the buais of life wers formed when the sarth hed sn
nimesphers of methane, nmmsonia, water, and hydro-
Ken imstead of enrbon dicxide, nitrogen, oxygen, and
wabér was sugpesied by Oparin (1) and hes been given
emphnsis recently by Urey (2) ond Bernal (5).

In order to test this hypothesis, an apparatis Was
bailt to eirenlate CH,, NH,, H. (0, snd H; past an
clestrie discharge, The resaltisg mistare ks beon
teabed for amieo acide by paper chromatography.
Elactrical dipcharge wia nsd o form free radicals
instead of altraviolot light, hesmse quariz sberbs

lerggths short igh o sme photo-dissteiation
of the gases. Elocirical discharge may have played o
signiflcant ralo ik the formatios of sospoands in the
primitive atmosphara.

The apparstus weed {a shown in Fig. 1, Waler i
hodled in the flask, mixes with the gaees in the 6-1
fesk, cirenlntes post the elortroden, aedomsn asd
empties baek into the holling fask. The U-tobe pre-
vents eirenlation in the opposite direction, The seids

| Watioeal Bebewss Fanndativn Friiow, 10625,

*Thanks nre g5 Harald €. Urey fnr many Belpful sngges-
Bans amil gukilazes jo the oeres aof fhle nveatiaat e,

BEA

and wmino pcils formed in the discharge, mot being
volakile, avenmnlate im the water phase. The cirenln-
tivh of the gases is quite show, kot this seems to he
ain amset, beopuse production was less in oo different
&pparatus with am nspirntor arrangement {0 promote
virgulation. The diseharge, n small sorons, wes pro.
widid by an induetion ool designed for detection of
lanke it vamgom spparmios.

The vxperimental proeedure was to seal off the open-
ing im the boilinz Sk after adding 300 m] of water,
ewasiialn thiv air, add T em presmee of H, 20 rom nf
CH, and 20 em of KH,. The woter in the flask was
boiled, and the dischorge was Fim continoonsly for a
wepk,

Faa 1.

During the run the water in the flask became potiee-
nbiy pink after the frst duy, nnd by the end of the
wink the elutlon was deop rod and tarbéd, Blast of
the turludity was dun to eellobdal silics from the glass.
The rod eolor i due to orgonie exspoonds sdaorbed
an the allies. Also present are yollow orgamle com-
potmils, of which enly a small fraction can he -
tracted with ether, amid which form & sontinnous strenk
tepering off at the bottom on a one-dimensional ehro-
mntogram run in buatanol-neetic acid. These substances
ure being investigated farther.

At the emid of the rum the solution in ibe hoiling
flask was removed and 1 ml of saturnted HgCL wos
addad to prevent the growth of living orgunisss, The
ampholytes were srparsted from the vest of the coms
stitmenta by adding Ba(OH), and evaporsting in
#aeuo (o remove smines, adding IL20, amd rvapornt-

EBHOENCR, Fal. 117
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Fie. 2.

ing to ressove the neiils, mewtrolizing with Ba(OH),,
filtering and eonsenbmting im raoun,

The nmine mesds arv nod dwe o living orgnizms
becanse their growth wonld be provented by the hodl-
ing water during the ron, and by the HgCl,, Ba(0H ],
H,B0, dnring the nnalysie,

In Fiz 2 i shown o pager chromalograes run o
w-hntancl-aertie seid-water mivtore followml by wator-
satorated phencd, nnd spraying with ninkydrin, Iden-
tiflestion of an amino nedd wos mode when the By valoe
{the mtio of the dstenze troveled by the smino aeid
to the distance traveled hy the solvemt fromt), the
shape; nmd the eolor of the spot were the same on o
kncwn, unknown, and mixture of the known and un-
known; and when eonsisient resulis were obdasned
with chromatogrme using pheaol and 775 ethanol,

On this basis g w.alenine and f.alonine nre
ideniifled. The identifleation of the aspartie acid amd
n-gmino-n-hutyrie aeid is less eertain heennse the epots
#ire quite weak, The spots marked A and B are uniden-
tified ns yet, but moy be betn nnd gonmnss aminn arids.
These nre the mnin nmino acids presemt, and others
are uedonbtedly present bt in smoller amonnts. It is
emtimnied thot the todal yield of amino sesds wos in
the milli range.

In this sppamtes an attempt was mode to dopli-
emie o primitive etmospliere of the earth, and mot to
obtnim the optimum eonditions for the formetion of
nmine acids, Alihongh in this case the todal yield wos
small fior the ensrgy expended, it §s postible that, with
more effigent apporatns (such ns mixing of the free
radimals in a flow gy=t=m, use of kigher hydroeenrbons
from natural gok or petrolenm, carbon diovide, ete.,
and optimioam ratics of guam), this fype of promss
wonld bee 4 way of commerially producing nmine
medds

A mosre eomplote asslyeis of the amino arids and
ather prodocs of the dischange = now being per-
FPormed and will e reportead in dobnil shortly,

Mny 13, 1832

Badferences
L -:ﬂiﬁ?w A, L Tae Orighe of Life, New Tork: Marmilian
!l.II.IIrILI:'_I'HH.I'ﬂII..I.HI Mll'ﬂ'gﬂ,-ﬂiﬂ dl
The Plawcis. Ko H.I.'I'III Tale Univ. Prow Chap 4 (1B
A, Hewwar, I'IH Mii‘lhlaﬂ‘-“'rl Bally

Aum, A rnmﬂsmwmmum.m
Jelin nad I'mal {1eEl),

Mlannssript peocival Poleuary 19, 1853,

A Vacuum Microsublimation Apparams

John Tt Maher®
Chemiatry Brawch, Sleth Army Ares Modical Laboratary,
Fart Baker, Colifersin

The analyties] hinchemist i= frequently soafronted
with the task of isolating microgumniities of sub-
slanes in n chemsieally pare stote from small gquen-
tities of tissues or biclozienl flaids. Kofer (1) edited
a hook eevering the use of microsmblimation, melting
poink, eutectios, ete,, in identifyving mieroquantities of
orgnmie material. The ndvantages of sohlimation over
otber methods of parifieation hove been disesssed by
Hubacher [£). Many types of vaenom soblimation
apparatus have hosn described {2-8). The equipmaent
deseribed here is inexpensive ned ean bo assembled
resdily by aey laborstory worker with 4 modicom of
glasshlowing dkill.

To a thick-walled, round-bottom, Pyrox test twhe,
30 B mm, b5 stteched noghess skder arm ahowt ooe
I, Erom the hatbom. Uslog & smapension of very fee
emery in glyeorin or fine valve-grinding compownd,
the open end of the test twhe & groned against the
eluminum bloek of n Fisher-Johes melting podnt ap-
parntus | FPlsker Beientific Co, St Loals, Ma) ustil
it mnkes & unennm-bgtt stal when dry. ﬁln in the
veemnm hood. Microb are prepared from flat-

VPl ikither lw Bulebind be Hobeck Packeit, of thin liborw-
tary, for fechnionl pmslwiances in preparing dthle spparaina,

nep
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Another important document for the Miller-Urey experiment is a journal article entitled Origin of
Life by George Wald for the Scientific American published in 1954. This article importantly
unites religious concepts with the newly emerging ideas about evolution and the scientific
research about life. This article was written to describe Miller’s experiment which was published
in 1953 prior to establishing that DNA was the genetic material. It offers important historical
insights from the scientific research boom in the 1950s: a time where concepts and ideas of

thought were drastically changing. The article is included below.
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THE ORIGIN OF LIFE

How did living matter first arise on the earth? As natural scientists

learn more about nature they are returning to a hvpothesis their

PT"E-'I.IEII'.‘,EE-E-DI.'E Fave up almost a l!.‘EI'llt.l.l':-’ Ao EFDIIIBHEEUE generatm:u

hout a cewhery ago the question,
How did Life hﬂ" which bas
interested men ughout their
history, sesched an Bnpasse. Up to that
e e had heen olfered: ane
that life kad been created supemsatural-
ly, the other that & arises continually
[rean the nanliving, The Grst explanation
lay mstside sciemer; the second was now
showm to be untenable, Fn:im:ci:n-
tists felt sorwe di fort in b

by Ceorge Wald

that one scapcely deses o acknowledge
lit; but it is there nevertheless.

But step by step, in o great eontro-
vermy that spread ower two cenfuries,
this belied was whittled awsy untill noth-
inf el of 8. Pirst the Hullan

One arswer to the peoblem of how
life origimated & that it was bex]
This i an understendable confusion of

nature with technology. Men e used
to making things; it i a resdy thowght
that these things not made by men were
made by & superhuman being. Most of
the culturs we know custain mythical

is of & dural ereation of

Maatdlj‘hﬂnlﬁtfdﬂa@pﬁddﬁg
the guestion.

Eecently ways have been found sgain
to comgider the ovigin of e as o scin-
tilie problem=as &n event within ihe
crder of natare, In part this is the resslt
of mevw information. Hut & theory never
vimes of jisell, however rich amd secune
the facts. It is an oot of crestion. Owur
presend bdeas in this eeabm were Rest
beought together in a clear and dedensi-
T argumaent by the Fisssian hiochemist
A& 1. Opasin im a book called The Ovigin
of Life, published in 1936, Much can be
added mow te Oparin's disasssion, yet i
peoviddes the feundation upen which all
of us whe ase isterested in this subject
beavee buibt.

The sttempt to understand how like
origingted raises a wide variety of scien-
e questions, which lead in meny snd
diverse directions and should end by
casting lght inte many chacune comiss.
At the center of the entespeise lies the
hape not anly of expluning & grest past
event=important as thet showk] be=hut

lfe. Chur own teadition provides such
am seooint in e opening chapters of
Genesis. There we are tobd that begin-
ming on the third day of the Creation,
Cod breught Forth living crestures—Erst
plants, then fishes and birds, then land
amimals and fnally men.

Spomtancows Ceneration

mmm F 1 =1 I.:nl' rl:
howweves, tended o take o meee ptural-
istic view of the matter. One bad oady
to actept the evidenere of one’s senses
to koew that lile arises regulady fromm
the nonliving: worms from mod, mag-
gots frean decayisg mest, mice from
refuse of various kinds, This i the view
that came o be called spemtameous gen-
etation, Few scientists dowhted it Aris-
intle, Newion, Willism Harvey, Des-
cartes, van Hel d, &l prhed spomn-

Framcesen Fedi shivved in the 17th ern-
hery that meat placed wnder & sereen,
5o fhat Bies cansot kay their eggs on it
never develops naaggets, Then in the Fol-
lowing century the ltalisn abbé Lazzare
Spallinzami  showed that & nustritive
beoth, sexhed off feom the air while hail-
g, mever develops méceoorgenisms, amnd
kence mever ot Mesdham ohjected
that by teo mch boiling Spallanzami
beaad pendered the broth, sad sl moee
the sir above it, incompsiible with kfe.
Spallanzeni could defend his beoth;
ahen he broke the seal of his Basks, &l-
lowing new wir to nsh in, the hbroth
promptly began o rot. He could fod mo
way, hwever, foshow that the sir in the
sealed Bask bad not been vithated. This
peobdbem Enally wis sobved by Loais Pas-
tewsr in 1860, with a sknple modification
of Spallanzands experiment. Pastear oo
weed & Bask contsining bodling beoth,
bt instesd of sealing o the neck he
drew it cut i a boag, 5 e
with its end open o the air, While male-
cudes of air coubd pess back end feeth
fpeely, the heavier pasticles of dust, bac-
teris and molds in the atmosphere were

[T pﬂaﬂhﬁuﬂlﬂtmﬁuqu&-

thom. Indeed, even the theokegisns—wit-

ness the English Jessit johs Turberville
dh dd subscribe fo this view,

of showing that the explanation is work-
sble, If we can indeed coone to under-
stand how a living organism arises from
the nondiving, we should ke able e con-
struct one=only of the simplest deserip-
tian, to he sure, but il recognizahly
alive. This & so remede a pesshility now

racm tells uis, not theat God created

and most snimals disectly, but
that He bade the earth amd waters to
bring them Forth; sinee this disective
was never restinded, there is nothing
hevetical in believing that the process
his continuwed.
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trapped on the walls of the cuved neck
anid coly rarely ached the beoth. s
such a Bask the beoth seldom was con-
taminated; sl it remained dear and
sterile indefinitely.

‘This was only one of Pasteur’s experi-
menis, It i o esey matter o deal with
so deeply ngrained snd comanon-sense
a belied as that in spostancous geners-
tiom. One can ask for nothing better in
such o puss than & moisy end shebbom
opponent, snd this Pastewsr bad in the
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naburglist Féliv Pouchel, whose asgu-
ments before the French Acudemy of
Sefences drove Pasteur to moe and maore
rigorois experiments. When Ee kad fin-
isked, nothing resnained of the belief in
Spsbamenis generation.

We tell this stery to beginming sbu-
dents of hiology u&uuthtu[uﬁmu
o tr h of e
fact it & VETY n-:ui].' ﬂ'rt apfsite. Tl't
ressonshle view was o believe in spon-
taneois generstion; the enly alternative,
t believe in o single, primery act of
supernabursl ereation. These is no thied
posithon. For this reason meny scientists
nuﬂtﬂyw&mhﬁmgudlhbeli:{
in spontaneous generation as a “philo-
sophical necessity.™ It 5 o symptom of

The subsionees are weler, ceriain
salts—ss it happens, thase found in the
d earbon pounds. The lat-
ter are called cegawic compounds be-
caume they scarcely occur except as
peod o living seganis
Oreganic compounds consist for the
mast part of fosr types of atoms: ear-
bon, coygen, nitregens and kydrogen,
These four atomns together constitste
shout ¥ per cent of living materisl, for
livdeogen and oxygen slso form water,
Tkuﬁnk compounds found in organ-
maaknly into four great classes:
carhobwdrates, futs, proteins and necleie
srids. The ilhstrations om this and the
next theee pages give soene notion of
theeir position and degrees of com-

the phiksophics] poverty of owr time
that this necessity is no longer appre-
clated, Maost modem biclogists, having
seviewed with satidfaction the doawnfall
of the spontaneous generation hypothe.
wig, vet unwilling to accept the slberma-
tive belief in spectal ereation, are left
with nothing.

I think a sefentist has mo choice bt
te approach the arigin of ke through o
hypothesis of spontaneses generation.
What the comtroversy reviewsd above
showed to be untenable i only the be
lieil that Bving orgenisms arise spos-
tameously under present conditions. We
have now to face & somewhat difesent
problem: how organisms  may  have
sisen spontancously wnder  diierent
conditions in some former period, grant-

ed that they do 5o mo boager.
The Task

Ta make sn organism demands the

right sushstances in the right proportions
and in the right areengement. We do

mect think that snvthing sone is needed=
bt thit is pechlesn enoagh.

:j‘*
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CARBIHYMRATES rompriss ane of ibs fowr principal kinds of
rarkban compaund foend in living matser. This strociaral E

e ]

pexity. The fsts are simplest, each con-
sisting of three [sity scids joined o
ghveesol. The starches and glyoogens we
made of sugsr units strung, together o
fomen hoig straight and beanched chains,
In general cmly ane type of suger ap-
pears in a4 single sterelh or glvoogen;
these molecules sre barge, bt still rels-
tively simple. The peincipal fsnction of
earboledrates aed fais in the ongenism
5 i serve as fueleas & source of energy.

The nucleic scids intreduee a further
level of complexity. They are very large
struchares, compesed of aggregates of st
least four types of unit=the niscleotides—
brouight bogether in & great vasiety of
proportions snd sequences. An almost
endlezs variety of different nscleic acids

whath ther Snscture s bull ore shout
= diffesent amino scids. These are
strung] together in chains hundeeds to
thousimds of units long, in diffesrent pao-
portions, s all fypes of sequence, amd
with the greatest wariety of beanching
amed foldding. A virtwally infisite nusaber
o diflerent proteins b possible. Organ-
s seem to exploft this potentislity,
for ne bwo species of lving organism,

animal or plant, possess the same pro-
bEins.

Organic molecules therefore fomm o
lasge &nd formidsble sway, endles in
wariety and of the most bewildesing
eomplexity, One cannot think of having
organiens without them. This & pre-
cisely the troubde, for to understamd how
oeganins originsted we mul imnl':l.ll

lain how such licated
enuld enme into I:-h‘nn; And that is anly
thee begrinning. To make an ceganism re-
cpubres not only 4 tremendous varety of
these substances, in adequate ansounts
aned proper proportions, bat glso just the
right aresngemend of them. Strocthee
here 5 as important a5 coenposition—
and what & complication of structure!
The mest comples machine man has de-
vised=say an electronic brain=is child’s
play pared with the simplest of v
ing orgenisma. The especially trying
thing i that complexity here involves
such small dismensions. 1t is on the molec-
ular level; it consists of a detailed fi-
ting of molecule to molecule asch as no

R e 5
can

i5 posible, snd  specific  diff;
amoig, them sre belioved 1o be of the
highest importance. Indeed, these strue-
tures are thought by many to be the
msin constitsents of the gemes, the bear-
ers of hereditary constitution.
Variety and specificity, bowever, are
mnet  charscteristic of the proteins,
which inclsde the largest and meest com-
plex molesales known. The wmits of

AN

OH

rid ssbing off s
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represenis pari of 3 characierisise bahyd

The Possihle and lispossible
U buas only b conbemnplate the mag-
nitude of this tek o concede that the
SpOtaneous of & living or-
ganism is Enpossible. Yet here we are=
& a pesult, [ believe, of spontaneous gen-
eration. It will help to digress for & mo-

H
H —0OH

o \
4/ L
L

ki is a pal ha-

wrban sugar wwits, thres of which sre shawn.
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ment ie ask what ane means by “impos-
sible™

With every event ome can associate a
prabakility—the chance that it will oc-
cur, This is always a Erection, the pro-
poction of times the event coours in a
large nusmber of triak. Sometimes the
peobability i apparent even without
trial. & coin hes twe foces; the probakil-
ity ol tessing a head s therefore 12, A
die has sin [eces; the prohshility of
throwing & deuee is 16, When one has
no of estimating the peobability
Eeforeband, it mist be detemined by
counting the frection of ssoemes in &
large wumber of trialks.

Owr everyday concept of what i -
possibile, possible ar contain devives Tom
our experienos: the nusnber of trials that

recorted buman histery. T this collogui-
&, practical sense | concede the spomta-
neous oeigin of 18e to be “impossible.” It
is impossible as we jodge events in the
scale of human experience.

Wi shall see that this i not a very
mesningiul concezsion. For one thing,
the time witl which our peoblems is con-
cermeed is pealogical tise, and the whole
extent of human histoey is trivizl in the
Balames, We shall have more b ey of
this lates.

But even within ke bounds of our
own time these i & sexices flaw In oar
pedgment of what is possible. It sounds
Empressive tosay thet an event bas never
been observed in the whaole of humen
lsistory. We should tend to regard such
am event as &t least “practically™ dompoes-
silsle, whatever probability is swigned to
it on ahstract grousds. When we hook &
Ilthfmﬂn-u'm:unhuulmnt.m

ever, i | o b alsost
Famenuenptmujeﬂ:qmn!m
I Il B off goesd

o
-
-
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jusdgment think & safer o distrust the

cheerver of such an event than
to bedieve him. The pesult & that events
whizch are macrcly wvery cxtraocdinsy
soqubre the reputation of neves having
oocwred at all. Thus the kighly improb-
ghle is made to appesr impossible.

Ta give an example: Every physicist
knows that there is o very small proba-
hility, which k& ecasily compubed, that
the table wpon which I am writing will
suddenly and spomtancously rise into the
alr. The evemt requires no more than
that the molecubs of which the table i
coanpossd, oedinarily in random motion
im &l disections, should happen by
chanee to move in the same direction
Every physicist concedes this pocsibility;
bt try telling one that yous have seen it
happen. Recently I asked a Friend, &
Mobel luseate in phivsics, what he
would say iff 1 told him that. He laughed
snd seid that he woald regard it & more
peobable thet | wos mistaken than that
the event had actully ocosred.

We see theselfore that it does not
meeam mouch o say that a very impeob-
able event has never heen observed
There is a conspiracy bo suppress sisch
ohservations, not among seientists alone,
bait among &l judicious persons, whao
bave leamsed to be skeptical even of
what they see, ket alone of what they ace
tald. Il ane growp is more skeptical than
wthers, it is perthaps kwyers, who have

harshes

all ape the scientists, who, cantious s
they are, know very well what strange
things are possilie.

A fimal agpect of swr problesn & very
i tant. When we id t'h.n:q:mn-
Ko origin of o living crgandsn, this
is mat an event that need happen again
amed again. It is perhaps enough for it to
happen omce. The peobabdity with

FATS sre a secand kind af rarban rampousd [oond in living mai- ke Fats.

eer. This fermels repressnis ihe whole molernle of palmis ane of

which we ase d i of & special
kined; it 5 the probability that am event
oocur at beast ence. To this type of peob-
abidity & Fumd tally Lopactant thing
‘happens as one increases the number of
trials. Howevwer improbabde the event in
& single trial, it becomes increasingly
poobable as the trials are mltiphied.
Eventmlly the event beromes virmally
imevitable. For instance, the chanoe that
& roin will not fall hesd up in a sngle
tieetst 2 172, The chames that m hesd will
appear im o series of tosses i 120120
LA2 | as many tinees over & the mam-
ket ol tosses. In 10 tosses the chames
that no head will appears i thesefone 152
mugltiplied by el 10 times, or 171,000,
C juently the o that o head
will appesr at lesst once in N tosses i
GOG7L 000, Tem trinks have comverted
what started & o modest prohshility to
a mear certainty.

The same effect can be achieved with
any prohability, boweser small, by sul-
tiphyving sulficiently the nusmber of trials,
Comsider & reasonably Empeobable event,
the chanee of which & 101008, The
chance that thia will not seeur in one
trial is G967 100 The chance that i
wioil'l eecur in 1000 trials is 999, 1 000
maltiplied together 1000 bHmes. This
frection comes out o be FT7I0, The
chance that it will bappen at keast onee
in 10 trisk i therelore one minis
this mumsher &L 100=a little better than
three chances aut of five. One thousand
trisls have transformed this from a high-
Iy improbable to a highly prohshle
event. Im 10000 trials the chance that
this event will oecur at lesst once comes
ost o be 199900, It is now el
et inevitalle.

It makes o impostant change in the
argument i we assess the probahility
that an event oecur ab least bwo, thes,
loiw or some other small sumber of

H Iii H H H H l‘|-| |;| H H
e
H H H H H H H H
FETE —"_i_z_$_‘f__"
E'_T 'i'_'i'_ i F o o i
T e
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timees rather than at least onee. It simply
means that more triak are needed to
achieve any degree of eostainty we wish,
therwise evervthing is the same.

I such a problem as the spontaneous
arigin of life we have s way of aseees-
ing probabdlities beforchand, or even of
deciding what we mesn by a trial. The
origin of a living orgenism is undosbe-
wdly & stepwise phenomenan, esch step
with s own probshility amd its ewn
conditions of trigl, Of one thing we can
b sume, hewvever: whatever eonstinstes
& trisl, meowe such trisls ocour the longer
the isterval of tine.

The impoetant point i that since the
origin of life belongs i the cabegory of

themn, Of cowrse it showed nothing of the
kined. Drganic chemists are alive; Wishles
merely showed that they can make or-
ganic extermally as well as
isternally. 1t is stll tee chat with al-
mot negligible exceptions all the or-
ganic mabter we know is the peoduoct of
living organisms.
The almest megligible exceptions,
however, ane very important for our ar-
gusmaent. It is now eecogized that o oon-
stank, show prodsction of angenic mole-
cubes oeeuss without the agency of livieg
things. Certain geological phenomens
wield simple oeganie compounds. 5o, For
example, voleanic ensptions bring metal
rhides bo the surfece of the carth,

st-lesst-onee phenomena, time & on i
side. Howewer improhshle we regand
this event, or amy of the steps which it
invelves, given enough time it will &l
meat covteinly happen st least noe.
Al foe lile as we know I, with iis ca-
pacity for growth snd repeoduction,
e may be emou

Time is im fact the hevo of the plot.
The time with which we have to deal
is of the order of two hillion yesrs. Wihat
wcn—;ud ummﬂmﬂuh&ud

insgless hene.
Chﬂmmuchthe.the‘hpmﬂrh
Ll th‘: I'I.II ka1

el the probabl U‘itl.l.ﬁ"]-’ siain. One

humly.l:-nl'a.ﬂ:tlmc itsell perforans the
mirecles.

Organie Molecules

This heinggs the argusnent heck to s
first stage: the origin of orgamée com-
pousds. Until a cemhay and & quarter
o the only knswn sounce of these sub-
stameces was the stull af living ceganisms,
Studemts of chemistry are usually told
thet when, in 1828, Friedech Wiahler

synthesized the first nt-pnlemmpmmd;

where they react with waber vapor to
b pounds of carban and

high. This amazing resubt changes at a
stroke our keas of the probability of the
spontancous formation of aming acids.

A fipm) considerstion, however, seems
I e moore Enportant than all the spe.
il proeesses to which one might sppeal
for oeganic syntheses in inanimite ns.
uirie.

It has skeady been said that to have
Wﬂ-l'lh I 1 e = ik rm
arganisms. The synthesis of organic sub-
stamces, like almcst everything else that
happens in orgamisms, & governed by
I!'-e:ph:ln]thunl’prﬂﬁru called n-
which
ptﬂlymu{mk chemical peactines in
the body. Sinee an enzymse s not used
wp bt is seturned at the end of the

Py, Ty

st

hyvdeogen. The famdlior tvpe of such &
rewction i the process used inoobd-stvle
hicyele lemps in which acetylene is made
by mibxing dwon carbide with wates.

Fecently Harold Urey, Nobel laou-
reate in chemistry, has become inber-
ested in the degree o which electrieal
discharges in the upper stmesphere may
peomobe the formation of oeganee eom-
pounds. One of his shedents, 5 L.
Miller, performed the simple experiment
of circulsting & miviee of water vapor,
miethane (CH, b, ammonia {NH,) and
hydnagen—all gees belioved to have
been prisent in the early atmosphese of
the estheontinuously foe & week over
an electric spark. The circulation was
malntained by badling the water in ome
lmh of the sppasatus and condensing
it im the other. At the end of the week
the weter was amalveed by ithe delicab
weethod of paper cheomatography. It was
foumd %o have acquired a sixbure of
ansing wcbds! and alanine, the
simplest sning acids and the most peev-
alent in proteins, were definitely sdenti-
fied in the solution, and these weee indi-

useq, he proved ihat angenic comg thons iE tained aspartic acid and
do not requine living organises to make  two others, The yvield was surprizingly
| | |
C

NUCLEIL ACIDS are a iherd kind of rarksn rompossd. This is
pari of desenyriboowcleic acid, the backbone of which is five-
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I a sanall t o enzyme can
peiEcte &0 enceous ransformation ol
maberial

Enzymes play sach & dominanst role
in the chemistry of lile that it is enceed-
ingly difficaslt to @nagine the symthesi
o living material without their help.
This poses o dilemma, for enzymes them-
uhuﬂemmﬂhmmgh
[ 1= of the
u‘!.l‘.‘lruuu]-:lq,md’mtimmtp-
paratus which & the unbgue propenty of
cells in crder to fomm the St el

This & mat, b , i i hls
difficulty. nnmibulll.kndyn
catabyst; it can do mo more than change
thee rate of o chaemical resction. 1t cannok
make srvthing kappen that would not
heve bappened, though mare showly, in
its absenee, Every process that i eata-
aed by an enzyme, and every prodisct
of sech o process, wook] eecur without
the enzyme. The anly difference is one
of mate.

Onee agein the essence af the argu-
ment b5 timee. What takes only o few
moments in the presence of &n enzyme
or other catalvst may take davs, months
ar years in is absenee; bt given time,
the end sesult & the same.

3.7 5\ 3o
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Indeed, this great difficulty in con-
ceiving ol the spontaneous generation of
eeanic coanipounds has its positive side,
In & sense, oegandEms desanstrate to us
what erganic reactions and products are
possilde. We can be certain that, given
time, all these things mist oeeur. Every
suthstamee that has ever been found inan
organism displays thereby the Gnite
probability of its occurence. Hemos,
given time, it shoukd srise spontaneois-
he. Ome kas only ta wait.

It willl be ahjected at omee that this is
just what ome cannot do. Evervone
lnows that these sishstanoes ane highly
perishehle. Cranted that, within boog
spaces of tme, now & sugar molecale,
mow & faf, now even o peobein might
farm spontsncoashy, each of these mole-
cules should have cnly a transitoey exist-
ence. How are they ever to sccumalate;
and, wnless they do so, how form an
e an i ®

We must born the question anouand,
What, in owr experience, i known to
destroy organic compounds? Primerily
two agencics: decay and the sttack of
DAVREn. Bmhu}-ﬂth:lutni'l.lﬁ
oeganizms, and we are talking of o tioe
before e existed. As for oxvgen, this
introduces & further nrul [umelamental

tinm of our ar

It is gemevally uu'uM af present
that the carly atrecsphens of our planet

eontained virnwlly mo free oxvgen. Al
it all thee earth's covpen was bound in
the form of water snd metal exides, I
this were not =, it would be very dili-
cult bo imagine how cegamsie matter
eould secumulabe over the long steetches
of time that skme might make pessihle
the spontaneous origin of e, This & a
erucial point, therefore, amd the sate.
meemt that the early stmcsphere of the
planet wes vistually oxygen-free comes
forward so apportunely as to mise o sius-

picion of special pleading. | have for this
reason teken care to consult a pamber of

R H O

geologists and astronomers on this paint,
and ams relieved to find that it s well
defended. 1 gather that theee is a wide-
thoisgh not universal conEensis
that this eondition did exist. Apparenth
soimething similer was true also Bor an-
other oo mon companent of our atmos-
dioxide. 1t i believed that
maat of the carbon on the earth during
its early geological kistory existed & the
element or in metal carbides and hyilro-
carbong; very liothe was combined with
ey jem.

This situstion is not without its iy,
We tend uwmally to think that the en-
virommnent plays the tane to which the
organism must dance. The environment
is given; the organism’s peoblen is to
wdapt to it or die. It has become ap-
parent kitely, however, that some of the
mogt mportant beatures of the phvsicsl
environment e themeebves the work of
living oeganisms. Two soch leatures
have just been mamed. The stenepbese
of our planet seems to have costained no
oxvgen undll organisms pliced it there
by the proces of plant photoaynithesis,
It & estimabed thet at peesemt all the
oy gen of our atmosphere B renewed by
phomsynthesis omee in every 2,000
years, and that all the cafbon dinsdde
pesees through the process of phato-
symtheesis e i every 300 vears. In the
scale of geological time, these inervals
ape very small indeed. We are Jeft with
the realizstion that all the ovyges and
carbon dicxide of owr planet sre the
products of livieg organisms, snd have
passed thoosgh living organisms aver
amd oves again,

Faorces of Disscdution

In the early history of eur planet,
wieen there were Do cegandems or any
free oxygen, crganic compounds should
fave been stable ever very long periods.
This & the crucial diference between

R
|
C
|
M

the period before life existed snd our
own. H one were bo specily a single nea-
son why the spontaneous generation of
living organisms wis possible once and
is =0 no Jonges, this is the reason,

We must still reckom, however, with
another destructive boree which is dis-
peosied of less easily. This ean be called
spostancous  dissolutioe—the counbes-
part of spostaneois generation. We have
mobed that any process catalyzed by an
ENEYME c&n Gour in time without the
enxyme, The trouble is that the proe.
ezzes which synthesize an organie sub-
stanee are reversible: any chemical re-
ection which an encyme may catalyze
will go backward as well as forward, We
have spoken as though ome bas only to
walt to schieve syntheses of all kinds; it
is truer to say thet whet ose achieves by
waiting is equilibria of all Kinds=—equili-
beia i which the synthesis snd dissolis-
tion of suhstenees oome into balanee.

Im the vest majority of the p
im which we ane interested the point of
exjusilibefismn lies far over toward the side
of dissclution. That i bo say, SpONCanEes
dissodution is musch more prohable, and
henes procesds much sore rapidly, than
spostancous  svnthesis, For example,
the spontaneous unéon, step by step, of
e ekl units to form a protein kas o
certain small probability, amd Benee
might sceur over a long stretch of time,
Hut the dissolution of the protein or of
an inbermeediate product into s com-
ponent smine acids i much mere peol-
able, and hence will go ever 5o mach
moee rapidly. The situation we must fsee
is that of patient Penclope waiting foi
Odysseus, vet mech worse: each might
shie undid the wesving of the preceding
day, but heve & night could resdily undo
thie work of & vear or o century,

How do present-dey organisms man-
age to symthesize ongamic compoumnds
against the forces of dissolution? They
do 50 by a contineous expenditere of

R
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FILAMENTS 0fF OFLLAGEN, a preteim which is seually found
im loang fbrils, were dosporsed by plaring them in diloie srsise

energy. Indeed, Bving organisms com-
manly do better than oppose the fonces
of diselution; they grow in spite of
theim, They do s, however, only at
enormons expense bo thefr sumoumdings.
Thew peed a constant supply of material
amdd energy merely to maintzin thems.
selves, and much more of both o grow
and pepeoduce. A living organkm s &n
[ S p—— | hll_ i ¥ -“tb.
this fusction. When, fer want of fuel o
throwugh seme isternal failuse in Bs
mechamism, sn organism siops sctively
synithesizing itsell in opposition to the
precesses which continsously decom-
pase it, it dies and eapadly disintegestes.

What we ask here is to synthesize or-
ganic molecbes witheut such o machine.
I believe this to be the mest stubborn
P T 'h‘ F e sk N R
link at present in our argument. | do mot
think it by any meeans disastrows, bat i
calls for phenmsens and forces some of
which are & yet only pastly understond
il some probshly still to be discovered.

Faorees of Integration

At present we can mabe only a he-
ginming with this problem. We know
that it & possible an 1o peotect
miecules from dissclation by precipita-
mﬂh. e ki . mm 1 L
A wide variety of such precipitation and
“erapping” resctions & used in medens
chisistry and biochemstry to promete
sywitheses, Soane molecules appear o
aoquine o degree of resstonce (o dis-
integration simply theouglh theie size. Sa,
for example, the krger mobkcules com-

I PATIN

play @il anothes type of Dtegrating
force—s spontaneous  impubse bowsrnd
structure formation. Certain tvpes of
Extty meolecules<locithing snd cephalin
=spin themselves owt in water to form
highly oricnted snd strue-
turck=the so-called mvelin Eguees. Pro-
beins sometimes orent even in solution,
amd slen mav aggregste s the solid
stute in highly organized formations.
Such spontancous aschitectonic tenden-
cies are still hargely unexsplored, partics-
larky s they mey oocwr in complex mix.
tures of substances, and they involve
fneces the strenggth off which has not et
been estimated.

What we are saying & that passibili-
thies exist for opposing inframadonslar dis-
solution by fsfesmaolecular aggregations
of varions kinds, The equilibrium be-
tween undon snd disusion of the smins
acids that mabe up & protein s all bo the
advantage of disunion, but the aggrega-
tion of the paotein with itsell or other
molensdes might swing the eguilibeium
in the opposite disection: perhaps by se-

arsil This slerirem mirregraph, which anlorges i be fil ssonis 75806
times, was mads by Jerame Gros af the Harvard Medsral Shaal.

ke gradual. The molesules fom aggre-
gabtes, small and large. The sggregabes
add further molecules, ths grewing in
size and ty. A tes of vari-
o kinds inferact with ene amether to
Form still karger and mone com plex strue-
tures. Im this way we Emagine the secent,
met by jumps or master strokes, hast
gradually, piccenseal, to the st Eving
OO AR

Flrst Drganksms

Where may this heve happened® It i
easiest b0 suppose that life Rrst ssose in
the sea. Here were the necessary salis
and the water, The latter & nat only the
principsl I t of argani Lt
jprioe bo their formation peovided & me-
dism which could dissalve mokecules of
the widest variety and cesselessly nsix
enil circulate them. It is this constant
mbxture and collision of arganic mole-
cules of every sort that constisted in
large part the “trisl™ of our earlier dis-

ion of probabilities.

thee protein fmom access to the
water which would be revguired o dis-
integrate it or by peoviding somse par-
ticislarly stehle typee of molecular asso-
chation.

In such o scheme the protein sppears
only as o transient iermediate, an un-
stable way-station, which com either (a1l
back to a mixtore of §ts corcstEuent
aming sefids or emter into the formation
of o complex stneetursl aggregate: aming
acils = peobein — agEregate.

Such moleculsr sggregates, of various
degrecs of material and aschibectural

poseed of gmine acids=polypeptides and
proteing=teem to display much less ten-
dency to disintegrate nto their units
thas do smaller ceanpoumids of e o
thiee aming seids.

Again, many organic molecules dis-

plexity, are indispensable imerme-
diates between moleculs and ergan-
s, W have mo need to try to noagine
the spentameous formation of an engan-
immn by one grond collision of s compo-
nent mslecales. The whole process mvost

e e e L Tal LTI

The zea in [xct gradually nemed inta
& diliste broth, sterile and cxygen-free,
I theis beoth molecules came together in
imereszing nunber amd variety, sonee-
tinees merely to collide and separste,
sometimes bo react with one snother to
preduce mevw combinations, sometines to
sggregate into mulimolecular forms-
tions of increasing size and complexity.

What brought order into soch coms-
plexes? For oeder is s essential here as
compasition. To form an oeganism, male-
cules must ender into intricate designs
and connections; they must eventually
form o sell-repairing, sel-constnscting
dymamic machine. Foe o time this prob.
lesn of moleciler arangement seemed 1o
present an almost insuperable obstacle
im the way of magining o Spontieous
origin of lle, or indeed the lnborabory
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FIHRILS OF COLLAGEN F i

such s those shawn om the oppesite pags whan | por cont af sodiom

synthesis of & bving cogamisen, 1% is still o
large and soystesious peoblesn, but it no
lomger seems insuperable, The olange in
view has come sbout because we now
realize that it is not altogether necesary
1o bring arder inbo this situation; a great
deal of arder is Emplicit in the molecules
themmelves.

The epitosne of mobecular ceder &5 a
crystal. In o perfect crystal the molerules
display complete regularity of position
ami] oriextation im all plnes of space. At
the other extreme are fulds<ligaids or
gases=in which the moleculss wre In
cesseless motion and in whsolly random

'3 e ML A5t

Lately it has bevome clear that very
little of a bving cell is traly fusd, Most
of It consists of molecules which have
taken wp various degrees of owlentation
Iﬂlrr[udbnwemntlul.ﬂuh.mt
of the cell rep 5 warious di

by aut of Al hlgrids was added le the diluie acekic acid. Thess leng fbrils ars

dissalved in such a medism are under o
constant herrage of collisions with waber
molendes. This keeps snall and moder-
ately sized maoleeules in o constant bur-

identiral W spprarmsce with thase of calllagen hefoare dispersion.

sirectures can be eoaxed into free solu-
thon amd stirved into cosnplefely ramdom
arientation. Yet on precipitating, ander

per conditions, the molecales realign

menil; they are Inocked abowut at randam,
colliding again and again, never holding
any position or arientabion for mere than
am instant. The a molecale is rela-
tive to water, the bess it i disturbed by
such collikons. Many protein and nu-
cleic woid molecubss are 30 large that
even in solution thedr motions are very
shaggish, and simee they canry kirge nusn-
bers af electric charges distribated abost
their sarfaces, they tend even in solution
o align with respect to one amther. 1t i
so that they tend to Foren Tequid erystals.

We have spoken above of anchitec-
tonic tendencies even among somse of the
relatively small molecales: ke lecithins
and cephalins. Such molecules are in-

luble in water yel posses special

appeoach to eq-:rn]hny—n[un. 'hmr-
ever, with very important diBerences
from the most familine to us,
Much of the el erystallinity imvalves
malecides which are still in solubion—
sowcalled Bousd crystalimand muck of
the dynamsée, plistc gaality of ﬂl.ln'l.u'
six , the city for o
change of shape and imterchange of msi-
terial, desives froen this condition. Elul
familiar erystals, Furth

proaps which have o high afinity for
water. As a result they tesd to form saor-
fore bavers, inowhich their water-seeking
groaps peoject into the water phase,

while theidr wates-repelling portions pro-
fect into the adr, o into an odl phase, o

it h:IuI:.unuL'IpI'ﬂe 'I‘htu-.n.ﬂtl:
that wquibe spont: sly sunch

wh:n::.pnudtu water, take up highly
m'ltnl:ni positions to form sarface mem-

oaly ane or a very few types of molecule,
while im the cell o great varsety of dal-
fevent modervules come together in somne
degree of regulir specing and orienta-
tion=l.e., some degree of coystallindiy.
We are dealing in the cell with highly
mived erystals amd near-crystak, solid
amel leguid. The kboratory study of this
type of formation has
Its fusther exploestion is of the Iﬂ;hﬂr
Imiportanee for cur peoblem.

In a fudd such a5 waser the molecules
are in very rapid motion. Any malecales

welin igares amd other s
eryatalline stroctures.

Recently several particulasdy striking
cuamples bave heen of the
spoatanenis production of familiar types
of biclogical structure by protein maole-
cules. Cartilage and muscle offer some
of the most intrieate and regular pattems
of strocture to be found in organisms. A
fikeer from edther type of tiseoe presents
umder the electron micenscope o beati-
ful patterm of oo stristions of varkous
widiths amd densities, very regularly
spaced. The proteins that Fgrm these
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with extreordinary fdelity the osiginal
patterns of the tissues [ser @lustration
ahore].

We kave therefone a genuine basis for
the wiew that the molecules of our
orcanic both will not only coenee fo-
gether spontanecusly (o form aggregabes
bt in daing s0 will spontanecusly
achieve various types and degrees of
order. This greatly simplifies oar prob-
lem. What it means i that, given the
right molecules, one does not have to do
everything for them; they do a great deal
low themselves,

Oparin has mede the ingendous sug-
gestion that natesal selection, which
Darwin propased to be the deiving force
of organse evalution, hegins o operate at
this kevel. He suggests that as the maole-
cules oone fogether o form colloidal
aggregaes, the latter begin to compete
with one another for material. Some ag-
Eregates, by vistue of especially favor-

able compositan or Lniern.i'l ATTAMEE-
mient, yud nEw mne
rapidly them others. They eventually
emerge a5 the domimamt types. Oparin
safgests further that eomsiderations of
optimal size enter at this level. A grow-
ing colloidal particle may reach & point
at which it becomes unstablde and breaks
down into smaller particles, esch of
which grows and redivides. All these
phenomens ke within the boumds of

lmown proceses in nonliving syshems.

The Sowrces of Encrgy

We suppoee that all these forces and
[sctors, and others perbaps yet bo be re-
vealed, mgether give us evenbually the

Ei

125



Erst Bving organism. That achieved, how
daes the s contimoe bo live?
Wi have alresdy moted that  living
organism & o dynamic strscture. [t i the
site of o continuois influx snd cutBow of
matter and energy. This is the very sign
al bile, its tion the best evid of
death, What is the primal crganism o
e s food, amd how derive the emergy
it meeds to maintain Peell sand geow?
Far the primal cegantem, genersted
under the conditions we kave deseribed,
only one amswer & possible. Heving
arigen in am ofcanis breth of
milecudes, ks only recourse is o bve
upois them. There B only ome way of
daing that in the absence of caygen. It i
called | tatis the by

which organisms  derive energy by
beeaking  coganie molecsks and e
arvsnging their paris. The most familisr
exanple of such a process i the fermen-
tation of sugar by weast, which vields al-
cobal &5 one of the produocts. Animsl
cells alsy ferment sisgas, not by sleahol
but to lactie acid. These are two -
amhes fnom o boat of known Bermenta-
Fiaodics.

The yeast fermentstion hes the fol-
lowing over-all equation: CeHpg0, — 2
Oy + 2CH0H + energy. The result
of fragenenting 180 grams of sugar into
B8 pgrasns of carbon diocid e amd 92 graoms
of sleodol is o make available shout
20,000 calories of energy for the use of
the cell. The energy i all that the cell

P

VAL

EXFERIMENT of 5. L Miller made amimo acids by rirrulsin I

L I8 CKEN

{CH.b.

ANH, waier vapor (HO b and hvdregen (H5 pasi an eleririmal disckarge. The amims

acids call d =i thea b af

£2

and were detected by paper chramaiagraphy.
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derives by this transactions the carbon
dioide and aleohol are waste products
which must be got rid of someborw if the
cell st msrvive.

The cell, having &risen in & hooth of
ﬂflil'li! I A Rabasrl OYET
the ages, must these molecul
by fermentstion in onder to soquine the
energy it needs to live, grow and repro-
duce. In dodng so, it and s descen-
dants are Eving on borrowed time. They
are consumsing ther heritsge, just as we
in oy time have nearly consused our
heritage of coal amd oil. Eventuslly such
o s must omne o an end, and with
that e also shewld have ended I
would bave been netemary o st the
entire developmwent again.

Foriunstely, however, the wasie
product carbon diocide saved this sites-
thon. This gas entered the orean and the
stmespherne n ever-increasing quantity.
Some time befoee the cell exhausted the
supply of orgenic moleoiles, it suc-
teeded in inventing the process of
photasynthesis. This enshled i, with the
encagy of sunlight, to make its owm ar-
' genic molecubes: et suger fvom carbon
disscile and wates, then, with amanonia
anil mitrates & sources of nitragen, the
entine arvay of oeganie compounds which
it revjuires. The sugar synthesis eowation
sz 8 OO0y + & HpD + sunlight —
CaHppy = 6 0y Here 264 grams of
carbon dioxide plus 108 grams of wabes
phis abowst TOW000 cabories of asnlight
wield 180 grass of sugar amd 192 grams
of cavgen.

This & &n enormous step Toeward.
Living organisms mo longer needed o
depend upon the lstioa of organic
mnatter from past agess they coukd make
theeir oswm. With the energy ol sunkight
they could acenmplish the fusdamental
oegamic syntheses that ety suib-
stance, and by fermentation they could
prosduce what energy they needed.

Fermentation, however, s an extraoe-
dinarily ineificient source of energy. It
leaves msost of the energy potemtial of
organie compounds wnecploied; con-
seguenthy huge snounts of cogande ma-
terial misst be lemmented to provide a
modicumn of enengy. It produces also
variois poisonous waste products=al
cobed, kictic acid, scetic acid, formic
ackd and 50 on. Dm ihe ses swch peoducts
e rescdily washed sway, ot @ crgan.
isms wene ever to penetrate fo the air
wnid land, these products mast prove o
serinis emhanmssment.

Onee of the by-products of photosyms-
thesks, howeser, is cooygen. Oere this was
wvailable, organisma could nvent & mew
wey bo acijulre EneTgy, many Hees as
eflicient as fermentstion. This & the
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process of cold combastion called resps-
ration: Gyl + 8 Oy =+ 6 €0y + &
Hyd + encrgy. The bwming of 1840

of sagar in cellular respivation
yields about TOOMO calorics, & com-
pared with the approvmately 20,000
calories prodoced by fermentation of the
samee apuantity of sugar. This process of
combustion exivocts all the energy that
can pokghly be derdved from the mole-
cies which it consames. With this
process at @s disposal, the oell can moeet
s energy reduenements with & minimuesn
expenditure of sohstance. It s & fother
advamtage that the products of respira-
tion=water and carhon diowide=are in-
mocuoas and casily disposed of in any
CIAEROTITET.

Life’s Capital

It & difficisht o overestimate the de-
gree to which the mvention of eollislar
respiration released the forces of living
oeganiens. Mo ceganisn  that relies
wholly wpon  [erenestation has  ever
amsounded o0 much. Even after the ad-
vent of photasynthests, arganisms coukl
have bed omly & marging existence. They
coidkd indeed prodoce thelr own coganic
materials, but only o quantities saf-
ficient to sarvive. Fermentation & so
profligate a way of life that photesyn-
thesis could do litile more than keep up
with . Fespiration used the material of
organiens with such enormously greates
efficiency o for the first time to leave
soanething owver. Cooplad with fermenta-
i, photosynthesis made arganisms
self-gustaiming; coupled with respiration,
it provided a surphis. To we an eco-
nomic analogy, photosynthesis beought
organisms to the subsiaenee level; respi-
ration provided themn with capital It &
maindy this capital that they mvested in
thie great enterprise of arganic evalistion

The entry of oxygen oo the atmos-
phere also kberated organisms in an-
other sexge. The san's radistéon containg
ultraviodst components which o living
cell can tolerate. We ane sometimes told
that if this radiston were (o resch’ the
earth'’s surface, life mis? ecase. That s
Bt gudte o Water absorbs altra-
windet radiation very effectively, and one

st comclude that as bong as these pavs.

penctrated 0 quantity 1o the sarface of
fhe earth, life heel to vesnain  ander
water. With the appearsnce of oaygen,
however, o laver of teone farsed high in
the atmosphere wnd abeorhead this mdis-
thon. MNow organgsms could for the Sirst
timne esnerge frons the waber amd begin
to populate the earth amd air. Ouygen
provided not only the means of obtain-
ing adequate energy for evolution bt

the protective blinket of czone which
alone made b tervestrial life.

This is the: ond off o story. Yet
ot qusite thee emd. Oher entive concem in
this argusnent bas been to bring the
origin of life within the compass of
natiwal phenomena. It is of the essence |
of such phencasena 1o ke repetitive, and
I, given time, bo be inevitahle.

This i by Far our meost skgnificant con- |
clusion=that l#e, as an oederly natoral |
event an such o plined & ours, was in- |
evitahle. The sasne can be said of the |
whade ol crganie evedation. All of & lies
within the order of natare, sl apart
from details ol of it was inevitable.

Astronomers have resgon bo believe |
that a planet such & oars=al about the |
earth’s size and temperature, and abowt |
as welllighted=is a sare evemt in the |
universe. Indesd, Alled as o story is
with improbabde phepanens, one of the
least probable i b have bad soch a body
a5 the eurth o begin with. Yer though
this probshility is small, the wmiverse is so |
lasge that it & conmervatively estimatod
al Jeast 100000 planets Bke the earth
exist in our galaxy alome. Some 100 mil-
lion galasies lie within the ramge of our
mast powerfidliclescopes, sothat through-
ot oheervable space we ean count ap-
parenily on the existence of at least 10
millizn million plinets ke our own

What it means to bring the origin of §
life within the realm of matural phe- |
nomena is e imply thet in all these
plices life probably edas<life o we
kniow dt. Indesd, 1 am convineed thas
there cam be no way of comnpasing and
cosstruecting living organgsmns which is
fondamentally different from the one we
know=thagh this is snothes arguanent, |
anid st await  another  oocasion |
Whereves M is possible, given time, it |
should arise. It shoald then ramify o
a wide armay of forms, differing in detail
fromn those we mow obeerve [as did
carlier organisms on the earth) yet in-
chiding many which should book familiar
to us=perhaps even men.

We are nat alone in the universe, and
do not bear alone the whaole busden of
lefe and wheat comes of & Life i o oosnic
event=sn far a5 we know the most com-
e state of organization that matier has
achisved in our cosses It has come
many fimes, in many plices=places
closed off Froen us by impenetrable dis-
tances, probably meser to be cvossed
even with & signal As wen we can at- |
temt bo omiderstand it, and even some-
what to control and goide its local mand-
festatione. On this plinet that s our
home, we have every reasom to wish it
well, Yt shoubd we Fall, all is not st
Char kiimd will try again elsewhere.
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