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SECTION A
Teaching Philosophy



Section A. Teaching Philosophy

My Journey. Teaching is Learning

In my journey as a physics educator, | have had the privilege to experience a broad spectrum of teaching
and learning environments in diverse multicultural and multilingual settings. | have taught undergraduate
physics courses in three continents: Asia (Mother’s International School in India), Europe (University of
Vigo in Spain) and the United States (SUNY Buffalo, SUNY Caobleskill and currently at Minnesota State
Community and Technical College in Fergus Falls). During seven years at the University of Vigo, I
taught physics to Galician students and had to master the official Castilian Spanish and also Galician, the
regional language of Vigo.

This unusual but exciting journey as a physics educator has helped me understand students of diverse
academic, cultural and social backgrounds. | was hired as an M State physics instructor from Spain in
August 2006 and since then have been actively engaged in reviewing, developing and teaching different
physics, astronomy, engineering and interdisciplinary courses which are land-based, blended and online.

Through these diverse teaching experiences | have found that, while the course outlines for the standard
college/engineering physics courses are generally similar, student competencies vary broadly due to
multiple factors including educational goals, classroom and laboratory environments, assessment
methods, class sizes and heterogeneity, availability of technology, and general life philosophy and

aspirations.

As with growth through any experience, diversity has played a major role in influencing my teaching
philosophy and methodology. However, my core guiding philosophy of teaching has always been that
teaching and learning go hand in hand, and they are both great privileges that make us be better and more
effective human beings. This philosophy drives me to influence students through learning environments
that inculcate honesty of desire and effort, cooperation and team spirit, and that also maximizes the
general integrity of the class as a group. | focus on the creative learning of physics through understanding
of concepts, removal of misconceptions, sharpening of the mathematical tools for effective problem-
solving skills and the translation of this knowledge into practical applications and visions for future

development.

Physics deepens our quest for finding the truth about how nature works. Therefore my fundamental

philosophy in teaching physics is that, while students are learning about the scientific concepts behind the
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fundamental principles of nature, matter and energy and their many diverse interactions, they also should

be influenced in a very positive way to become more honest and respectful as individuals.

Flexibility and Adaptation

Having taught in three different countries and also in English and Spanish, | have learned to adapt my
teaching style to suit broadly different types of students. This includes students demonstrating great
mathematical skills but succumbing to memory-based rote learning due to the competitive pressures of a
larger population and students who may not attend class regularly but are reasonably skillful in passing
exams. Yet others may demonstrate better conceptual and application-based understanding of physics but
have a harder time with mathematics. It always helps to have the flexibility to explain with clarity any

concept at the level most appropriate to the students and be aware of their backgrounds.

Keeping them in Awe: Inquiry/Discovery-based learning!

Guiding students through inquiry-based learning using hands-on experiential and experimental methods
which have direct relevance to everyday life makes physics “phun”! As an example, a hands-on
demonstration of Faraday’s law of electromagnetic induction with magnets, copper coil and galvanometer
can go a long way to teach about the scientific method of inquiry and also the direct connection between
the law and our modern electric generators and motors. Thrill, joy and bewilderment are all great
ingredients that flavor student learning experiences and make it easier for them to focus on the serious
algebra- and calculus-based problem-solving component. As an instructor, it is my responsibility to elicit
from students their maximum potential as learners. Loving physics helps one understand how nature
works and widens one’s perspective and appreciation for nature from the scale of nanoparticles to cosmic
dimensions in astronomy. Concepts in physics should be applicable to life. Science and engineering
students should develop the necessary skills that will help them to be life-long STEM learners and make
them aware of the impact of science and scientists in our modern world. Posing challenging problems that
make students think forms the most exciting part of creative teaching, and | simply enjoy this challenge.
Greater the struggle in solving problems bigger is the joy of accomplishment. This is especially true for

our engineering physics students who have to solve complex calculus based physics problems.

Humor and Empathy

A good sense of humor and its skillful use always breaks monotony and physics jokes are plenty.
Empathetic resonance can create the classroom bonds which set in motion the ideal interactions to

stimulate learning. The desire to learn when active will create the will for it and overcome inertia. An
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intuitive understanding of human psychology helps me to handle classroom heterogeneity and connect
with different types of students.

Also, to be effective in a classroom as instructors we develop the capacity to perform parallel activities
such as focusing on individual deficiencies and yet not losing thread of the dynamism and rigor of the
topics taught. I am aware of and alert to the different psychologies of learning as each student has an
optimum style for assimilation and learning. The smaller class sizes at community colleges make possible
individually focused interactions. It is as important to motivate the creative and innovative side of
learning as it is to reinforce the scholastic part that needs discipline and rigor. Teaching invites the
reflective instructor to cultivate qualities such as patience and kindness, flexibility and resourcefulness,
open-mindedness and tolerance.
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Section B. Curriculum Vitae

Nandini Banerji
Department of Physics,
Minnesota State Community and Technical College (M State) - Fergus Falls Campus
Fergus Falls, MN 56537

Education:

Phone: 218-736-1579 Fax: 218-736-1510
Email: nandini.banerji@minnesota.edu

YEAR NAME OF SCHOOL, | LOCATION MAJOR DEGREES
COLLEGE/ SUBJECT
UNIVERSITY OR FIELD
Department of Applied | Vigo, Spain Applied PhD in
1995-1998 Physics, University of Physics Applied
Vigo, Spain Physics
1985-1988 Department of Physics, | Buffalo, N.Y | Physics Master  of
SUNY (State University Arts
of New York), Buffalo
1981-1983 Indian Institute of | Delhi, India Polymer Master  of
Technology, Delhi Science  and | Technology
Technology
1979-1981 Indian Institute  of | Kanpur, India | Physics Master  of
Technology, Kanpur Science
1976-1979 St. Stephen’s College, Delhi, India Physics Bachelor of
Delhi Science

Professional Experience:

Aug 2006-present Unlimited Full time Physics & Astronomy Instructor at Minnesota State
Community and Technical College (M State), Fergus Falls, MN: Teaching

various Physics, Engineering and Astronomy courses (tenured in May 2009)

Mar 2000- Aug 2006  Tenure-Track Faculty at the Department of Applied Physics, University of

Vigo, Spain: Taught undergraduate Physics courses (both theory and lab)
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adapted to students of diverse majors such as Industrial and Technical

Engineering, Biology and Marine Sciences.

Sept 1998- Aug 2000 Bilingual Science Teacher: Taught Physics and General Science courses at the

International Language Institute, Vigo, Spain

Sept 1994 - July 1998 Doctorate student working on various funded Research projects Department

of Applied Physics, University of Vigo, Spain.

Sept 1989 - Aug 1990 Faculty Member at SUNY Cobleskill, Department of Physics, School of
Natural Sciences. Taught calculus based Physics, both theory and lab.

Teaching Experience:

Fall 2006 onwards Courses taught at M State, Fergus falls, Minnesota
PHYS 1107: Physics of music

PHYS 1401/1402 College physics 1 & 1l

PHYS 1411/1412 University Physics 1 & 11

PHYS 1105 Fundamental concepts in physics (both land-based and online)
PHYS 1120 Introduction to astronomy (both land-based and online)
CHEM 1100 Fundamental concepts in Chemistry

MATH 0090 Developmental Math

2000-2005 Courses taught at the Department of Applied Physics, University of Vigo, Spain

Undergraduate Courses:

General Physics 1 & 1I: To students of diverse majors such as Industrial and Technical Engineering,
Biology and Marine Sciences.

Physics for Biological Processes: To students of Biological Sciences

Fluid Mechanics: To students of Marine Science
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Graduate Course:
Study of Mechanical, Thermal and Morphological properties of Polymers at University of Vigo, Spain

1989-1990 Courses taught at the Department of Natural Sciences, SUNY Cobleskill, NY

Undergraduate level General Physics Courses, PHYS 112 & 211, both theory and lab.

New Courses and Programs Developed:

I M State Fergus Falls:

Fall 2012 PHYS 1107 Physics of Music

Spring 2008 PHY'S 1120 Introduction to General Astronomy online
Fall 2007 PHYS 1120 Introduction to General Astronomy land based
Spring 2007 PHY'S 1105 Fundamental Concepts in Physics, online

11 University of Vigo, Spain:

2002-2005  Graduate course on the Study of mechanical, thermal and morphological properties of
polymers.

11 New Program Developed at M State

2010 An Associate of science program (AS) in Electrical Engineering at M State Fergus falls to
promote the “STEM” (Science, Technology, Engineering, and Mathematics) initiative.

207-2008 Served temporarily as Nano science and Technology program coordinator of M State with
NDSCS (North Dakota State College of Science).

Research Experience:
Funded Research Projects Undertaken

2002-2005 Study of the Electromagnetic Properties of Binary Systems used as Dielectric Materials

and in the Refrigeration Industry. Funded by Galician Government, Spain

2001-2003 Study of Electromagnetic Properties of Binary Systems.
Funded by the University of Vigo, Spain
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2000-2003

1997-1999

Nano-crystalline coating and hetero-epitaxial crystal formation of Silicon-Germanium
using Laser Induced Deposition and Modification Techniques. Funded by the Ministry of

Science and Technology, Spain

Production of thin films of Carbon Nitride and Silicon Nitride using Laser induced

deposition techniques. Funded by Galician Government, Spain

Other Research Experiences:

1994-1998

1985-1988

1981-1983

1970-1981

PhD Dissertation: Deposition and Characterization of thin films of materials based on
Si-N-O systems through photo-induced processes.

M.A. in Physics: Dynamic Light Scattering study of phospholipid membranes.
M. Tech. in Polymer Science: Small Angle Lights scattering study of polymer blends.

M.Sc. in Physics: Low temperature characteristics of Fe-B metallic glasses.

Visiting Research Appointments at other Universities:

June 30, 2005- Aug 25, 2005  Visiting Scientist at the Department of Physic, UC Davis, California.

Dec 15, 2003-Jan 15, 2004 Visiting Scientist at the Department of Chemical Engineering, Indian

Institute of Technology at Kanpur, India..

July 10, 2001-Aug 31, 2001 Visiting Scientist Department of Chemical Engineering, Indian Institute

of Technology at Kanpur, India.

Nov 1998- Dec 1998 Visiting Researcher at the Department of Physics at the New Jersey

Institute of Technology

Some Academic Publications in Refereed Journals:

2005

2004

2004

On the Permittivity and density measurements of binary systems of (triglyme+n-nonane
or ndodecane) at various temperatures, J. Chem. Thermodynamics Vol. 37, Issue 1, 61-
71, Elsevier

Permittivity and density of binary systems of “{Dimethyl o Diethyl carbonate} + n-
Dodecane from T= (288.15 to 328.15)K} J. Chem. Thermodynamics, 36 , 183-191,
Elsevier

Analytical-Numerical Estimation of the Effective Permittivity in Multi-Component
Systems, Proceedings 2004 URSI EMTS (International Symposium on Electromagnetic
Theory), ISBN: 88-8492-252-6, 1, 657-659, URSI
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2004 Numerical study of Effective Permittivity in Composite Systems, Applied Surface
Science, 226, 78-82 Editorial: Elsevier

2002 Monte Carlo Estimation of the Effective Electric Response in composites, Composite
systems: Proceedings of ACUN-4 Composite Systems (ISBN-0733418627) 300-306,:
Edited by S. Bandyopadhay et al, UNSW, Australia

2002 Graduate Course: Education and Awareness of the Environmental impact of Polymers,
111 lberia-American workshop on Materials Education (ISBN 84-688-45490-6) (111
American-lberian workshop on Material Science Education) 61-65

2001 Thermal Annealing Study of Variable Band-Gap a-SiN:H Alloy Films, Mat. Res. Soc.
Proc. 664, A87.1-A8.7.3 Editorial: MRS [Appendix B- 31]

2000 Photo-induced Deposition and Characterization of Variable bandgap a-SiN:H alloy films,
Applied Surface Science 6424, 1-5, Elsevier [Appendix B-30]

1998 Characterization Of LCVD Deposited A- SiN:H Films From Disilane/ Ammonia Gas
Mixtures Applied Surface Science, Vol. 114, Elsevier, Holland

1998 Capas De A-Sin:H Modificadas Mediante La Irradiacion Con Un Laser De Excimero
Revista de Metalurgia, Vol. 34 (2) 164-168, Madrid, Spain

1998 Comparison of Modifications induced by ArF Excimer Laser Irradiated on Silicon
Nitride Films deposited by different LCVD methods, Surface and Coating
Technology,Vol. 100-101, 393-397, Elsevier, Holland

1997 Thermal Annealing of A- SiN:H Films Deposited by LCVD using Silane and
Disilane/Ammonia Gas Mixtures , Proceedings of the 9™ International Congress of
Composite Materials, Vol. 20, 399-406, CIMTEC, Florence, Italy

1997 Oxidation Processes in Hydrogenated Amorphous Silicon Nitride films deposited by
ArF laser- induced CVD at low temperatures, Thin Solid Films, VVol. 317, 214-218,
Elsevier Holland.

1981 Electrical Resistivity of Fe-B metallic Glasses
Physical Review 1981, Vol. B24, 6801-6806, USA

Sample Publications in Refereed Conferences (Presented in more than 15 conferences):

2010 Presentation of abstract and contributed talk, Comparison of Undergraduate Physics
Education in US, Spain and India, at the annual meeting for the 2010 APS/AAPT
(American Physical Society and American association of Physics Teachers) Joint
Meeting in Washington, D.C.

2005 Effect of chain length on dielectric and volumetric properties of binary mixtures of
glymes with methanol at several temperatures.  Poster Presentation at the International
Biannual Physics Conference, Orense, Spain
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2004

2004

Temperature Dependence Of Permittivity And Density Of (Dimethyl Or Diethyl
Carbonate) + N-Dodecane Binary Mixtures. Poster Presentation at the 18th IUPAC
International Conference on Chemical Thermodynamics and The 12th National
Conference on Chemical Thermodynamics and Thermal Analysis, Aug 2004, Beijing,
China. Published in the Proceedings of the Conference and in the Journal of Chemical
Thermodynamics.

Dielectric and volumetric study of binary mixtures containing mono/polyethers with
methanol at several temperatures. Poster presentation at the 18th IUPAC International
Conference on Chemical Thermodynamics and the 12" National conference on chemical
thermodynamics and thermal analysis, Beijing China.

Research Project Grants Received as Principal Investigator:

2001

2002

Grant of 9000 € awarded for research in New and Emerging fields of interest as the
Principal Investigator of a research team to work on: Theoretical and experimental
Modeling of Advanced Ceramic + Metal based Composites, funded by Univ. of Vigo,
Spain.

Grant of 8000 € awarded for research on : Electromagnetic study of binary systems for
applications designed for the refrigeration industry and for electric insulation, as the
Principal Investigator of a research team, based on a merit based competition of

research grants conducted by the Universities of Galicia, Spain.

Recent Conferences Attended:

June 24-29 2012 International Astronomy conference, Cool Star 17 held in Barcelona, Spain from

June 24-29

May 29-Junel 2011  NISOD conference in Austin Texas

Feb 13-17 2010

Mar 7-8 2008

Oct 18 2007

Conference on Physics Education of the American Association of Physics
Teachers (AAPT)

Nobel Peace prize Forum an Concordia College, MhD

Nobel Conference on Global warming on, at Gustavus Adolphus College.
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Book Chapters:

1998 N.Banerji :( Chapter Title): Obtencién de capas delgadas basadas en materiales de
sistema Si-N-O mediante procesos fotoinducidos Book Title: Doctorate thesis,
Universidade de Vigo (ISBN 84-8158-191-7)

2002 N. Banerji, J. Peon Fdz, , T.P. Iglesias , Graduate Course: Education and Awareness of
the Environmental impact of Polymers oral presentation at TIECIM conference 11 Ibero-

American workshop on the Education of Materials Science (ISBN 84-688-45490-6) ( I
American-lberian workshop on Material Science Education)

Mentor:

2006 onwards Have been serving as Mentor for concurrent enroliment at various highs schools.
Mentoring the teaching of Fundamental Concepts in Physics and College Physics

2010 As Mentor for Fergus Falls High School for NASA’s FIRST Robotics project initiated
the FIRST project which lead to the building of the FIRST Robot. [Appendix E- 43]

Committee Memberships at M State:

2008 onwards Member of the College Social Committee
2012 onwards Serving in the General Education Council at M State.
Languages:

I am fluent in Spanish, Galician, Bengali and Hindi.

Honors and Awards:

2011 Recipient of the 2010-2011 NISOD Excellence Award [Appendix B-28]

2010 Excellence Award granted by M State - Fergus Falls for introducing an Associate of
Science Program in Engineering [Appendix B- 29]

1998 Recognition for Outstanding PhD dissertation, University of Vigo, Spain

1976-1983 Junior and Senior Science Talent Scholarships, awarded by the National Council for
Educational Research and Training, Government of India
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Professional Affiliations:

1. European Material Research Society (EMRS)

2. American Association of Physics Teachers (AAPT)

3. American Association for the Advancement of Science (AAAS)
4. Expert Professional Galician Women’s group, Galicia, Spain

5. National Education Association (NEA)

6. Minnesota State College Faculty organization. (MSCF)
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Section C. Teaching Strategies and Materials

Guiding Principles
A hands-on demonstration and application-oriented approach toward teaching physics and astronomy

helps students see the relevance of their learning in their life experiences. Students come to class with
world views based on their schooling, religion, patterned thinking processes and prejudices and often
have ingrained misconceptions about how the physical world operates. Physics is an excellent subject that
helps activate and reshape minds as the objective tools and the scientific methods of inquiry challenge

misconceptions about the material world.

Proper assimilation of the fundamental concepts of physics leads to the development of more advanced
concepts. If students do not grasp the basic ideas, it is quite impossible to advance with new topics.
Therefore constant feedback at an individual level is absolutely necessary. Also, the language of physics
is mathematics. Therefore, | have to help students with basic algebra, trigonometry and calculus. Frequent
class tests and problem solving form a continual process of gauging student progress and asking
conceptual questions relevant to the applications of physics in day-to-day life always helps to engage
students in discussions. Helping students during my office hours and even outside my office hours keeps
me in touch with their progress. | also try to broaden their focus about the technical and scientific
applications of physics in the real world and make them present research papers based on the latest
findings in every course. Another of my roles is to make students learn to enjoy learning and not focus
solely on getting good grades. Learning science is a process of knowledge, acquisition and application

and not a race to memorize facts that students regurgitate and then forget after an exam.

Various Multimedia resources such as Science World demos of the Wolfram Research project and

Khan Academy resources have been very useful for all the courses that | have taught.

Course Assignments and Teaching Methodology

Physics of Music (PHYS 1107) (land-based, 3 credits) [Appendix E-45]
This course meets Minnesota Transfer Curriculum Goal Areas 3 and 6. It is an introduction to physics

as it applies to the art and science of music. The course is a mixture of lecture and laboratory-like
experiences. Experiments are designed with musicians and non-scientists in mind, and special care is
taken in the writing of lab reports. Topics include analysis of frequency, overtones, intensity,
resonance and beats. The course was co-designed and taught by David Stoddard (Music instructor)

and myself for the first time in Fall 2012 and has been a great success.
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The teaching method entails a hands-on method of active learning of the physics of sound and music
and applying the knowledge to design musical instruments based on these principles. The lecture and
laboratory portions are held in a lab setting, so that students can have the greatest amount of time

possible for experimentation and experience with the lab materials.

In this course, students create a musical instrument capable of producing tones or percussive affects
pursuant to the acoustic principles discovered during the class, including standing waves and strings,
membranes, closed or open tubes and resonant chambers. Students are graded on the extent to which
the acoustic principles discussed in class are used in the creation of their instruments. Many music

students have taken this course, and we filled our class with a total of 18 students.

Fundamental Concepts in Physics (land-based, 3 credits)
This is a demonstration-based course with lab-like experiences that serves as an introduction to

selected topics in classical and modern physics. Topics covered are chosen from measurement and
significant digits, graphing, dimensional analysis, study of motion, vibrations, waves, sound,
electricity and magnetism, light and optics, atomic physics and atomic spectra, lasers and optical
fibers, nuclear physics and radiation. In this course, given the fact that the teaching is done through
hands-on demonstrations and lab-like experiences, | spend approximately half my lecture time in
demonstration-related activities which are reinforced with simple equations and concept-based
problem solving. Enroliment in this course has increased since 2006, and currently | have 18 students,
which is the maximum allowed given that classes are held in the physics lab where students perform
mini labs to learn and apply concepts. | use a textbook with do-it-yourself experiences and a Web-
assign platform for homework problem solving. Many Post-Secondary Enrollment Option students
take this course as their first physics course and in addition | have Associate of Arts degree (AA
degree) students who need a science course for their degree or students in the Radiologic Technology

program.

Fundamental Concepts in Physics (online, 3 credits)
I use the same textbook as for the land-based class, and its Web-assign platform is very user-friendly

for problem solving. In addition, I have many multimedia physics applets and demos in the content
area of the course and topics covered in each section can be revisited using the online demos. The
textbook also has online resources to prepare students for quizzes and tests and do it yourself mini
home labs. Most of my Radiologic Technology students are non-traditional students with jobs and
family responsibilities. My correspondence with students is through the discussion board, where they
can post their comments under the corresponding topic. | also use chat during my office hours and

email for any urgent help. Typical enrollment is approximately 25 students.
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College Physics 1 & II. Physics 1401/1402 (algebra and trigonometry based, 4 credits with
one 2-hour lab per week.)

College Physics 1: This course provides a theoretical and practical introduction to physics, including

kinetics in one and two dimensions, force and dynamics, bodies in equilibrium, work and energy,

linear momentum, rotational motion, waves and sound. Lab equipment is used to illustrate these

concepts. A mastery of college algebra and some trigonometry is essential for success in this course.

The ability to use computers for creating reports and spreadsheets is needed for lab work. Students

taking College Physics often go on to majoring in forestry, biological sciences, dentistry, pharmacy,

veterinary medicine, physical therapy and other fields related to medicine. Enrollment varies and is

typically between 8-12.

College Physics II: This course provides a theoretical and practical introduction to physics. It is a

continuation of Physics 1401, College Physics I, although Physics 1401 is not a prerequisite. Topics

include thermodynamics, selected topics in electricity and magnetism, DC and AC circuit theory,

light and electromagnetic radiation, atomic physics, spectroscopy, lasers and photonics, and nuclear

physics. Lab equipment is used to illustrate these concepts. A mastery of college algebra and some

trigonometry is essential for success in this course.

In both College Physics courses, demonstrations form part of my usual lecture. | have found that a

well-designed hands-on and demonstration-based teaching approach with adequate emphasis on

mathematical equations and problem solving works well. Classroom humor to break monotony is

effective in reengaging students when they drift. Also, it helps to hold students’ attention by having

the flexibility to alternate between serious and simpler topics. After every chapter, on the day we do

homework problems, | require all my students to work out a pre-assigned homework problem

simultaneously on the board and if needed, explain the problem to the rest of the class. This allows

me to cover all the homework problems on the board and students are graded on their performance.

University Physics I & II (Physics 1411/1412, Calculus-based, 5 credits with two 2-hour
labs/week)

University Physics 1: The course gives a theoretical and practical introduction to physics for math,

science and engineering majors and is a calculus-based physics course. Typical enrollment varies

between 5-8 as higher math is needed. Topics include kinetics of one and two dimensions, force and

dynamics, bodies in equilibrium, work and energy, linear momentum, rotational motion, fluids, waves

and sound. Lab equipment is used to illustrate these concepts. A mastery of college algebra as well as

knowledge of calculus and trigonometry is essential for success in this course. The ability to use

computers for creating reports and spreadsheets is needed for lab
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University Physics II: This course is a continuation of Physics 1411, University Physics I.
However, Physics 1411 is not a prerequisite. Topics include thermodynamics, selected topics in
electricity and magnetism, DC and AC circuit theory, optics, light and electromagnetic radiation,
atomic physics, spectroscopy, lasers, photonics, and nuclear physics. Lab equipment is used to
illustrate these concepts. A mastery of college algebra and knowledge of calculus and trigonometry

are essential for success in this course.

Since both College and University Physics | & Il cover the same topics and they are courses with low
enrollment due to the higher math prerequisite, | started teaching them in a blended classroom using
different textbooks which have many overlapping problems. The calculus emphasis in problem
solving is addressed through calculus-based labs as well when | meet my University Physics students
separately during two hours of lab. In a blended course, | have had to make very good selections of
problems to solve in class so that both levels of physics can be taught and tailored effectively. | have
to manage my classes creatively in order to maintain high standards in calculus-based problem

solving.

Introduction to Astronomy (PHYS 1120) (land-based and online, 3 credits)

This course includes a description of the universe, covering our current understanding of the solar
system, lunar and stellar study, interstellar gases, galaxies, etc. It focuses on the development of
modern astronomy and its techniques, astronomical coordinates, the use of astronomical instruments
and recent discoveries in astronomy and cosmology. This non-lab course is designed for science and
non-science majors. The textbook | use has a Mastering Astronomy Web resource that serves as
an excellent visual interactive aid for this course. The “Study Area” has animations and videos,
images, tutorials, tutorial quizzes and practice questions. The quizzes and practice questions of the
Mastering Astronomy link and the textbook help students prepare for the course. In addition, students
present a term paper based on the latest research findings on a chosen topic. In the land based course
we do field trips for telescope viewing and, given the limitations of an online platform, students buy a
planisphere for star gazing and | recommend a portable and affordable telescope that | have been
using for my land-based classes. There are several web sites that they can access to observe the
interesting astronomical features of each month at our latitude. 1 also ask my students to visit the
planetarium at Minnesota State University Moorhead (MSUM) and | have taken my land-based
students for a planetarium field trip to MSUM. Typical enrollment in the online class is 20 to 25, and

land-based enrollment has fluctuated between 10 - 40.
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In addition, I have also taught Fundamental Concepts in Chemistry during several summer sessions
and Elementary Algebra initially during 2006-2007. While teaching Elementary algebra, | worked
with students more patiently and creatively in order to help them master the basic math skills. It is
often a challenge to gauge the problems and difficulties that many students face while learning
mathematics and our small class sizes allow the possibility to provide individually tailored guidance
and help. Active feedback from students and allowing students to not be shy away from expressing

their academic difficulties always helps.
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Section D. Content Expertise and Professional Growth

New courses and concurrent enrolilment promote student STEM enrollment

In August 2006, | came from Spain to teach physics and math at Minnesota State Community and
Technical College in Fergus Falls. Initially my 15 credits of full-time teaching assignment included
Math 90 (3 credits) or elementary algebra, College Physics (4 credits), University Physics (5 credits)
and land-based Conceptual Physics (3 credits). During my first academic year in 2006-07, | taught 65
students, including one section of Math 90 each semester. Since then, | have been able to develop
several new physics courses such as online Conceptual Physics, Introduction to Astronomy (both
land-based and online) and Physics of Music (with our music instructor David Stoddard). As a result,
enrollment in physics has gradually increased to 157 during our current academic year. In addition, |
have been mentoring several high school teachers who teach Conceptual Physics and algebra-based
College Physics through our college-wide concurrent enroliment program.

In the new courses that | have designed, my role involved setting up the backbone structure for these
courses, including lectures, online platforms, advertising, labs and blending courses, if necessary. All
new course need to pass through the Curriculum Approval and Review Process (CARP). In addition,
while M State’s Moorhead campus did not have a physics instructor, I taught PHYS 1401 and PHYS
1105 via ITV from our Fergus Falls campus and traveled once a week to teach the PHYS 1401 lab
and a land-based class for PHYS 1105.

Given the low enrollment in the upper-level physics courses such as College and University Physics,
it was becoming difficult for M State to continue to offer these courses. Since the topics covered in
both courses are the same, | have made it possible for our college to offer University Physics | and 1l

by teaching both College and University Physics in a blended classroom.

AS Engineering degree promotes STEM initiative [Appendix E-44-45]

In spring 2009, | was awarded the Excellence Award by M State, given for projects and proposals that
support excellence in student learning through new personal performance objectives, or by means of
projects that embrace abundant learning, global readiness, diversity, creativity and innovation. |
received the award for my involvement in setting up of the Associate of Science degree program in
Pre-Engineering. This program was designed to provide a unique blend of transferrable college
credits, all of which are currently being offered at our Fergus Falls campus and which fit into diverse

degree programs related to physics and engineering. The program was later modified as an AS
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program in Electrical Engineering and articulated with St Cloud State University. The new program
combines pre-engineering courses such as engineering physics, chemistry, math and computer science
with some courses specific to electrical engineering to complete 60 credits and six goal area
requirements toward an AS degree. A blend of STEM courses offered through the that lead up to
several different science or engineering career options is expected to increase enroliment in our land-
based general education courses for science and math and offer good transferability to four-year

universities.

Collaborations with Otter Tail Power Company for summer internship

This AS degree can provide new avenues for job opportunities in the upcoming new energy
market. For students working toward their AS Electrical Engineering degree, we have
worked with Otter Tail Power to study the feasibility of summer internships. Students will
have the possibility to take 1-3 credits in internship experience so that they can have
monitored and meaningful work experience related in Electrical Engineering. This
experience will increase their job marketability and enhance their life skills. Each credit

requires a minimum of 45 hours of on the job learning.

Conferences attended:

Over the last 15 years | have participated extensively in many materials science seminars and
conferences and published more than 15 refereed articles. As listed in my curriculum vitae, Since |
joined M State in 2006, | have attended several conferences. The most recent one being Cool Star 17
Astronomy Conference in 2012. This was an international astronomy conference held in Barcelona,
Spain, covering an enormous variety of topics presented by a broad body of astrophysicists
representing countries including the United States, Spain, Australia, India, Britain and France. There
were numerous presentations on the latest discoveries in astronomy made by the Kepler telescope and
others. | have an Astronomy news discussion board for my astronomy students where we post the
latest findings of Kepler telescope about extra-solar planets and many other amazing discoveries that

are being made.

In 2008, | attended the Nobel Peace Prize forum at Concordia College where many amazing people

and environment related issues were presented.

Nandini Banerji BOT Award for Excellence in Teaching Portfolio = Page 18



In 2007, | attended the Nobel conference on Global Warming at Gustavus Adolphus College. |

have also attended several seminars on Nanotechnology at the University of Vigo in summer 2007.

May 2011 1 have also attended the Nano day conference at North Dakota State University and the
NISOD conference in May 2011.

Contributed Talk
2010 I presented a contributed talk on Comparison of Undergraduate Physics Education in

US, Spain and India at the annual 2010 APS/AAPT (American Physical Society and
American Association of Physics Teachers) Joint Meeting in Washington, D.C., on
Feb. 13-17, 2010. In this work | presented a comparative study based on my personal
teaching experiences of undergraduate physics courses in three widely different teaching

environments: India, Spain and the United States. [Appendix D- 36-41]

2008 I have given physics demonstrations at the STEM summit organized at MSUM on Jan
10, 2008, | made several different hands-on demonstrations of electrostatics and
electromagnetism [Appendix E 46] and our demonstrations provided the basis for an
article that was published in The Forum newspaper in Fargo.

Professional Memberships:

European Material Research Society (EMRS)

American Association of Physics Teachers

American Association for the Advancement of Science
Expert Professional Galician Women’s group, Galicia, Spain
National Education Association

Minnesota State College Faculty organization
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Section E. Service to Students, Profession, Institution and System

Service to Students in STEM Outreach Initiatives

2009-2010 Robotics Project FIRST Mentor: Mentored students at Fergus Falls High
School in a STEM OUTREACH NASA project called FIRST, which involved setting up a
robot that could do prescribed functions. | accompanied our students to the kick-off sessions at
the University of Minnesota. The project also included participation and hands-on learning for
my College Physics students, who assisted as a service learning component of their physics

course.

Apr 2007 Physics Day: Organized and participated in a Physics Day hands-on physics learning

experience for Pelican Rapids High School students.

2007 onwards Science Fair Activities: Participated each year in the Science Fair activities organized by

our science faculty at M State for high school students in Minnesota.

Apr 2008 Teaching Hands-on Physics: Volunteered to teach a hands-on physics class at the
Fergus Falls Middle School. [Appendix E-47]

Dec 2008 Career Day: Participated in Career Day activities to promote the STEM initiative
organized for Fargo-area high school students at the Fargodome

2007 onwards Star Gazing Nights at Prairie Wetlands Learning Centre: Led several presentations
and organized telescope-based observations at the Prairie Wetlands Learning Centre and
at M State for the Fergus Falls community and astronomy students.

2008 Field Trips: Organized field trips to the Science Museum of Minnesota in St. Paul and
the planetarium at MSUM for my physics and astronomy students.

2010-2011 Physics/Astronomy Summer camps [Appendix E-42] : In collaboration with
our director of multicultural affairs, Nancy South, | have organized, recruited for and offered
physics/astronomy summer camps during June 2010 and 2011. The recruitment was done through
hands-on physics and astronomy demonstrations at middle schools in neighboring school districts.
We had almost 50 students, and the camps were a great success. The camp sessions featured hands-
on science and astronomy activities, math-focused games and interesting experiments. This camp
was funded by a grant designed to strengthen math and science skills and to encourage middle
school-age students to think about college. The grant was awarded to M State's Center for College
Readiness, which targets low-income and underrepresented students in providing college
preparatory support to participating middle school and high school teachers and students. CCR
Director Paul Drange said that “the Physics Camp and the other camps supported by the Center
allow for a unique learning opportunity for students, and students receive focused instruction that
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increases their awareness of science at work around them.” The M State camp also provided
students with the opportunity to stay overnight on campus, which gives them a real-life look into
what the college experience might be like for them in the future."

2006 Onwards

Students Career and course Advising: Advising students on career choices

and course sequences that can lead to the most efficient path towards their goals has been a very

satisfying part of my ongoing activity since | joined M State.

Service to Institution and System:

2009-11

Spring 2010

April 2010

AS Engineering Program: Worked with our academic dean, Dr. Gary Henrickson, in
the creation of a new two-year Associate of Science program in Electrical Engineering,
which has an articulation agreement with St. Cloud State University. This program has
been approved by the Minnesota State Colleges and Universities System and is geared
toward promoting diverse advanced STEM courses. The development of the program
involved trips to St Cloud State University and Winona State University to first study the
feasibility of an articulation agreement with their engineering faculty, followed by the
meticulous preparation of the transferrable courses and the paperwork required for
MNSCU approval.

FIRST Robotics and STEM enroliment: Mentoring students in the FIRST project has

had a very positive influence in our college STEM enrollment.

Multicultural Activities: In April 2010, | worked with our director of multicultural
affairs to organize an Indian dance program that brought artists from Fargo to performed
colorful folk dances. My contribution was also in the preparation of an elaborate dinner
with exotic Indian cuisine for around 150 people. Many members of our Fergus Falls

community participated in this event.

2006- Spreading STEM Awareness: | have participated in Science Day activities and career fairs

and have offered physics/astronomy summer camps at M State to advance STEM awareness.

2007 onwards Developing new courses at M State (land based and online)

Fall 2012, PHYS 1107, Physics of Music, Spring 2008, PHY'S 1120 Introduction to General
Astronomy online, Spring 2007, PHYS 1105  Fundamental Concepts in Physics online and
Fall 2007 PHYS 1120, Introduction to General Astronomy (land based)

Developing new Program at M State
2010 Associate of Science program (AS) in Engineering at M State - Fergus Falls Campus

Others:

Mentor for high school teachers in concurrent enrollment courses

Member of the General Education Council at M State
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Member of the college Social Committee at Fergus Falls

Cultural Initiatives

2007 onwards Have been invited to talk about Indian and Spanish culture by my colleague
Anthony Miltich, who teaches World Cinema at M State, | have given several
presentations about Spanish and Indian culture/music to faculty and students in
the World Cinema class.

2011 Participated in a course on Food Culture and Society taught by Dr Sue Wika to
introduce the art and science of Indian Ayurvedic food and cooking methods.
[Appendix E-46]

2010 Organized Indian dance activities at M State with Cultural Diversity Director
Nancy South and prepared an Indian dinner for all participants

Service to Profession:

Recent Publication and Presentations

2010  Presentation of abstract and contributed talk, Comparison of Undergraduate Physics
Education in US, Spain and India, at the annual meeting for the 2010 APS/AAPT (American Physical
Society and American Association of Physics Teachers) Joint Meeting in Washington, D.C

Business/Industry Collaborations

I have participated in meetings with the senior vice president of Otter Tail Power Company, Ward
Uggerud, and Dr. Gary Henrickson to discuss our possible internship collaboration for AS Electrical

Engineering students.

Collaboration with Saint Cloud State University

The process of accreditation of our AS Engineering Program opened doors for collaboration with
Electrical Engineering faculty from St Cloud State University. | have worked with Mark Petzhold of
SCSU to set up the competencies of the electrical Engineering courses to be offered at Fergus Falls and

discussed possible collaborations as well.
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SECTION F Standards for Assessment of Student Learning and Performance

Overview

Success in learning is usually reflected in class responses and test grades. Students need to know how
they are progressing with the course material through continual feedback. The joy of learning and
understanding physics provides gratification in the learning experience and is best achieved when
scientific hypothesis can be tested through well designed experiments and hands-on demonstration. Class
tests, homework assignments, take-home tests, class participation, quizzes and presentations are the
general tools | use for assessment. Also M State awards outstanding students every year from different
disciplines and | believe in recommending my outstanding physics students as it really helps them to be
self -appreciative and happy about learning.

Assessment for Physics of Music

In addition to homework, quizzes and tests students construct musical instruments in groups and present a
report with a group presentation which counts towards 25 % of their final grade.

Report writing: The final report on the musical instrument demonstrates comprehensive understanding
of the material being explored, as well as understanding of the scientific principles behind it. Students
are graded on content and style. Students also are made to maintain standard protocol in lab report
writing which includes the title page, introduction, page/abstract, materials and methods, data/results,
discussion and conclusions.

Creating a musical instrument.

Students create a musical instrument capable of producing tones or percussive affects pursuant to the
acoustic principles discovered during the class including standing waves and strings, membranes, closed
or open tubes, and resonant chambers. Students are graded on the extent to which the acoustic principles
discussed in class are used Instrument should be sturdy, easy to transport and musical.

Assessment for Conceptual Physics (online)

Instructional method:

1. The course uses Active learning technigues through many demonstration activities through
multimedia web links and Explore Yourself activities from each chapter. The text book has a
good online resource and in addition, | post web based resources for each chapter so that students
can understand the topics through concept based demonstrations.

2. Simple algebra is sufficient to handle the basic mathematics to grasp physical concepts.

3. In addition the Web Assign platform which is bundled with the text book is used as an online
support for homework.

Course competencies that are assessed:

1. Understanding of scientific theories and the scientific method.

2. Understanding of the topics which are in the course description.

3. Basic skills in the mathematical treatment of scientific data including the use of algebra
to manipulate simple equations of physics.

4. Creation of a graph of a data set.

5. Computation of experimental results using graphs.

6. Acquiring aworking knowledge of numerical uncertainty.
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7. Recognizing sources of error in measurements.

8. Demonstrating an ability to use dimensional analysis for problem-solving.
9. Writing a detailed solution to a physics problem in the form of a report.

10. Analyzing many different physics word problems.

11. Translating word problems into a mathematical form and solving them

Grading Rationale that | follow

Quizzes:

5 Quizzes are based on the five sections of the course material forms roughly 15 % of the total grade.
Unit_Tests:

5 review Unit tests testing student mastery of the salient concepts relevant to the chapters count roughly
48-50 % of the total.

Homework Assignments:

5 web-assign homework assignments count 25 % of the total.

Final Exam :

A required cumulative final exam counts roughly 12 % of the total.

Typical grading scale: A: 90-100% B:80-89% C:70-79% D:60-69% F: below 60%

Conceptual Physics Land-based

Assessment in this course is very similar in nature to the online class while the teaching methodology
incorporates many lab-like experiences through class activities. There is thus less use of multimedia
resources.

Algebra and Trigonometry based College Physics I & I1
Course Competencies that are assessed:

1. Understanding of scientific theories and the scientific method

2. Understanding of the theories and topics described in the Course Description

3. Demonstration of significant proficiency with the use of algebra and trigonometry to manipulate
and analyze equations of physics

4. Creating a graph of a data set. Use the graph and an appropriate mathematical treatment to
measure or compute a result

5. Demonstration of the ability to express numerical uncertainty in a result and recognize sources of
error in measurements

6. Demonstration of the ability to use dimensional analysis for problem-solving

7. Effective communication by writing detailed solutions to physics problems.

8. Analyzing many different physics word problems, translating them to a mathematical form,
solving them and communicating the result in writing.

9. The following outcomes result mainly from lab work.

10. Demonstration of an understanding of the hypothesis or physical principal that is measured or
illustrated in a lab experiment.

11. Making informed decisions about alternative ways to acquire data.

12. Active participation with the lab group.

13. Performing experiments and recording measurements.

14. Reporting results for the lab experiment.
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Student evaluation is based on a variety of activities including:

Class participation in solving homework problems on black board

Lab reports writing where they are tested for error analysis, graphing, results and theory
Class Tests and Quizzes

Take-Home tests

Homework Assignments

Class Presentations

Comprehensive final exam

Grade distribution:

Class tests count 36 %

Quizzes count 12%

Lab reports count 15-20 %

Take-Home tests count 12%

Final exam counts 18-20 %

Class Participation in solving homework problems on the board counts 6-8 %

Guidelines for letter grades: A (90-100%), B (80-89%) C (70-79% )D (60-69%)F (below 60%)

Calculus based University Physics I & II

It is similar to College Physics except that in addition there are 4 calculus based class tests and the final
exam has calculus based problems as well. The lab report also includes calculus based error analysis
through propagation of experimental error [Appendix B-32-34] . | have used a lab and a class test as
artifacts for student assessment [Appendix F-59-65]

Astronomy both land based and Online

Course Competencies that are assessed:

Demonstration understanding of scientific theories.

Analyzing the scientific method works from initial theory and modeling through
observational/experimental confirmation or rejection.

Applying scientific thinking to problems in astronomy and cosmology.

Demonstrating an understanding of what astronomy entails through an examination of its history
and evolution.

Developing insight into complex astronomical processes such as star formation, distance

modeling, gravity, the electromagnetic spectrum and spectroscopy.
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6. Interpreting astronomical observations made using astronomical coordinates and optical
instruments.

7. Expressing numerical uncertainty in a result and recognize sources of error in measurements.

8. Creating graphs of data sets and use graphical analysis to compute results.

9. Navigating the night sky to map constellations, planets and stars.

10. Explaining the impact of gravity on planetary motion and interpret the role and nature of light in
astronomical observations.

11. Communicating with the vocabulary of astronomy experimental findings and observations.

12. Investigating recent research and discoveries in astronomy.

Grading Rationale:

Grading is based on 5 Unit Tests, 7 Quizzes, Astronomy news, 5 Assignments and a Term paper.

Assignments

Given the general delay in the acquiring of the textbook, | base the first assignment on resources outside
of textbook. The other 5 assignments are based on the chapters covered in the course.

Astronomy news and presentation in class room: For online Astronomy, 20 points are allotted on input
in the Astronomy News items presented through the course discussion link under astronomy news. In the
land based class students present a news item before | start teaching and we have discussions. The topics
that are fascinating for students are Extra-solar planets, Dark energy and Dark matter.

Term Paper and class Presentation:

Students present a Term Paper which is a research paper worth 20 points based on any topic that they
choose from the latter sections (parts IV or V) of the text book. After reading the relevant sections from
the book students do further reading on the chosen topic from the latest research articles publishes in peer
reviewed journals to obtain the latest scientific information using online library resources of our college
website and others.
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M |State

One College. Four Campuses. Online.

December 6, 2010

Dr. Nandini Baneriji

M State — Fergus Falls
1414 College Way
Fergus Falls, MN 56560

Dear Nandini:

Congratulations! You have been selected as a President’s Award for Excellence in
Teaching winner at Minnesota State Community and Technical College for
2010/2011. As a result, the College is pleased to note your accomplishment with a
trip to the NISOD (National Organization for Staff and Organizational Development)
conference next spring.

We are very proud of the contribution you make to excellence in teaching at
MSCTC. Mary Devine’s office will be in touch with you so that your trip to NISOD
will afford you all the honors you are due as one of only three instructors at our
college to win this award.

Again, congratulations to you and many thanks for your service to our students.

Best regards,

Ann M. Valentine
President

Toll Free: 888.696.7282

www.minnesota.edu

/

from the desk of

Dr. Ann Valentine,
President

1414 College Way

Fergus Falls, MN 56537-1000
218.736.1503

Detroit Lakes

900 Highway 34 East

Detroit Lakes, MN 56501-2698
218.846.3700

800.492.4836

218.846.3794 fax

Fergus Falls

1414 College Way

Fergus Falls, MN 56537-1000
218.736.1500

877.450.3322

218.736.1510 fax

Moorhead

1900 28th Avenue South
Moorhead, MN 56560-4899
218.299.6500
800.426.5603

218.299.6810 fax

Wadena

405 Colfax Avenue Southwest
Wadena, MN 56482-1447
218.631.7800

800.247.2007

218.631.7901 fax

Online

A wide array of
degree programs,
certificate programs,
and courses offered at
www.minnesota.edu

Minnesota State

Community and Technical College

A member of Minnesota State
Colleges and Universities System
An Equal Opportunity

Educator / Employer.
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FRONT PAGE OF SAMPLE RESEARCH PUBLICATIONS

Nandini Banerji

applied
surface science

ELSEVIER Applied Surface Science 168 (2000) 52-56 E——————
www.elsevier.nl/locate/apsusc
Photo-induced deposition and characterization of
variable bandgap a-SiN:H alloy films
N. Banerji', J. Serra, S. Chiussi, B. Le6n, M. Pérez-Amor
Dpto. Fisica Aplicada, Univ. de Vigo, Lagoas-Marcosende 9, 36200 Vigo, Galicia, Spain
Abstract

Amorphous hydrogenated silicon nitride films (a-Si;_,N,:H) can have varied applications in optoelectronics when produced
as alloys with a wide range mobility gap. Employing ArF LCVD and using SiH,/NHj3 or SiHe/NH; as the precursor gases, we
have tailored the bandgap (E,) of this material from 1.6 to 4.9 eV. It was found that Si,He/NH; mixture produced highly
silicon-rich alloys with compositions below the percolation threshold (x ~ 0.52) of Si-Si bonds and E, between 1.6 and
2.9 eV, while SiH4/NH3, produced nitrogen-rich alloys (x ~ 0.59) with E; upto 4.9 eV. This alloy can thus serve as dielectric
and passivating films and also as a wide bandgap semiconductor. Correlations of the gap variation with film structure and
composition are discussed. © 2000 Elsevier Science B.V. All rights reserved.

Keywords: Laser; Amorphous silicon nitride; Disilane; Silane

1. Introduction

It has been reported that £, of amorphous silicon—
nitrogen alloys grown by PECVD can be varied
between 1.9 and 5.2 €V and that on the Si-rich side,
the bandgap is controlled by the film hydrogen content
and varies insignificantly with its nitrogen content [1—
3]. This behavior in conjunction with its non-linear
increase with the relative nitrogen concentration ‘x’,
for x > 0.5, has been interpreted by a model proposed
by Robertson for the electronic density of states [4].

This article presents a comparative analysis of the
bandgap variability of ArF LCVD deposited a-SiN:H
films produced at low temperatures by both silane and
disilane/ammonia mixtures. Compared to the PECVD
films, we have obtained a lower limit of E; of 1.5 eV
and have systematically tailored the gap to reach an

* Corresponding author. Tel.: +349-86-812216;
fax: +349-86-812201.
E-mail address: nbanerji @uvigo.es (N. Banerji).

upper limit of 4.9 eV. Correlations of the structural
and compositional properties of these films with the
composition of the gas mixtures and the substrate
temperature are discussed here. The variation of Eg
with bonded H and the relative N concentration for
these two film types has been discussed in view of
their different amorphous network structures and
compared with results of PECVD films [1,5,6]. By
this low temperature deposition technique, bandgap
tailoring over a broad range has been possible broad-
ening thereby the scope of this thin film material on
temperature sensitive substrates as dielectric, passi-
vating and insulating films or as antireflection coat-
ings, tunable dielectrics and solar cells for films
having silicon-rich compositions.

2. Experimental

The a-SiN:H films were deposited on Si(100),
corning glass and Al(99.9%) substrates by ArF LCVD

0169-4332/00/$ — see front matter & 2000 Elsevier Science B.V. All rights reserved.

PII: S0169-4332(00)00583-3
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D Mat. Res. Soc. Symp. Proc. Vol. 664 © 2001 Materials Research Society

Thermal Annealing Study of Variable Band-Gap a-SiN:H Alloy Films

N. Banerji, E. Faro' and J.Serra

Dpto. Fisica Aplicada, Univ. de Vigo,
Lagoas-Marcosende, 36200 Vigo, Spain
'Dpto. Matemitica Aplicada, Univ. de Vigo,
Lagoas-Marcosende, 36200 Vigo, Spain

ABSTRACT

A study of the effects of thermal annealing on the bond structure, optical properties,
morphology and stoichiometry of variable band gap a-Si.N,H_ alloy films deposited by
ArF LCVD has been made. These films were generated through two different
photochemical pathways resulting from the use of either SiHy/NH3 or SiHe/NH; as
precursor gases. Thermal annealing study of these films which span a wide compositional
(0.22 < x/y < 1.44) and band-gap (Eg) range (1.7-5.2 eV) has led to the analysis of the
stability of different bond configurations. We report here hydrogen bond stability and
rearrangement of the near-neighbor environment of SiN bonds analyzed through FTIR,
refractive index variations measured by ellipsometry and surface morphological changes
observed through AFM during to the process of annealing. Results indicate that in the
SiHy/NHj3 deposited nitrogen-rich SiN:H films, SiH, bonds persist even upto 900°C and
SiH bonds are less thermally stable than SiH,. Also, while the total bonded hydrogen
decreases, the extent of SiN bond increases through a reaction mechanism involving: SiH
+ NH — SiN + H,. In the Si,H¢/NH; deposited silicon-rich film, whose initial spectra
shows Si-H stretching and Si-H wagging bands, a rapid loss of Si-H bonds occurs at 7'<
650°C. Based on the bond configurational interpretations of the Random bonding model
proposed by Bustarret, we calculate the variations in film stoichiometry and density with
the annealing temperature.

INTRODUCTION

Recently, applications of a-Si,NyH.; alloys for the electronic industry have broadened
with the possibilities of obtaining thin films of this material with a wide-mobility gap [1-
3]. For [N]/[Si] ratios less than ~1.0, the material behaves like a wide band-gap variety
of amorphous silicon showing Eg variability between 1.6 - ~ 3.0 eV [4]. Such material
has found applications for its semiconducting properties in optoelectronic devices [1, 2].
For higher [N]/[Si] ratios, the band-gap opens up sharply with increasing nitrogen
concentration reaching up to ~ 5 eV; being this the compositional range where such films
have been conventionally used for their passivating and insulating behavior [5]. We
have obtained silicon-rich and nitrogen-rich a-Si,N,H, alloy films by ArF LCVD at low
temperatures (7 < 350°C) using silane/ammonia or disilane/ammonia as the precursor gas
mixtures. By systematically monitoring the deposition parameters we have obtained,
using silane/ammonia mixtures, [N]/[Si] variability between 0.29 - 1.44 and Eg
variability between 2.2 — 5.2 eV. With disilane/ammonia mixture, we have so far
obtained films whose compositions are below the percolation threshold for Si-Si bonds
(0.22 < [NJ/[Si] < 0.72 ). However, within this range of Eg variability, it has been
possible to finely tailor the gap modifications between 1.7 -3.0 eV [4].

A8.7.1
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SAMPLE LAB

LAB 1411: MEASUREMENT AND FRACTAL GEOMETRY

OBJECTIVE: Learning to plot graphs on a logarithmic scale in power- law relationship between
variables to find fractal dimensions.

(You will submit a complete lab report for this experiment which includes, objective, theory,
procedure, 4 graphs, calculations, results, error analysis, sources of error post lab questions and
discussions.)

Theory:

While the classical Euclidean geometry works with objects which exist in integer dimensions while
fractal geometry deals with objects in non-integer dimensions. You will measure dimension of almost

spherical object and assume that there is a power law relationship between the mass and radius of the
object given by:

M =kr®
where M is the mass, r is the radius, k is a constant of proportionality, and d the fractal dimension

To find the dimension of the object, we need to solve this equation for d. Taking logs of both sides we
obtain

Log (M) = log (k) + d log(r).
Solving for “d” we get
d = ((log (M) —log (k))/log(r).
log (M) =d log(r) + log(k)

This is a linear equation in the form y = mx + b. From experimental data, d is the slope of the best fit line
through the data points

(log(r1),log(M(r1))), (log(r2),1og(M(r2))), ..., (1og(rs).log(M(ry))).

Plot the data points of Mass vs radius on a log -log plot and determine the values of k from the x intercept
and d from the slope.

PROCEDURE: (PART 1) Using Aluminum Foil balls

1. Select two identically sized sheets of Al foil.
2. Crumple one sheet into an approximately spherical ball. Take the mass of this ball to be M;.

3. Tear the other sheet of paper in half perpendicular to its longer side. Crumple one piece into a
ball, having mass approximately M,/2.
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4. Tear the remaining piece in half. Crumple one piece into a ball as approximately M, /4.
5. Tear the remaining piece in half. Crumple one piece into a ball, having mass approximately M,/8.

Four paper balls made with stiff paper

6. Measure the diameters of these Al balls several times using a caliper. For balls that are not very
close to spherical, the average of several diameters should be used. Record the masses and diameters on
the data sheets.

7. Use an electronic lab scale to make the mass measurements of each ball.

8. Plot the points (log (radius), log(mass)) for these paper balls on a log —log graph paper and using
Excel spreadsheet and logarithmic scale for a power law fit. If the points appear to lie on a line, the slope
of the best-fitting line estimates the dimension ‘d’.

0. The slope should be determined manually from the graph, or with a linear regression option of a
graphing calculator or a spreadsheet.

PART 2: BEAN BALL PROCEDURE

A similar experiment can be done using dry garbanzo beans or any other hard approximately spherical
objects. Instead of weighing the beans with a scale, we estimate the mass by counting the number of
beans. Denote by N the number of beans in the largest cluster; take the mass of that cluster to beM;. A
cluster of M beans is taken to have mass M/N. Here is a specific recipe with N = 64.

1. Count out 64 of the beans into a piece of the clear plastic wrap. Tighten the wrap around the
beans to approximate a sphere. Take the mass to be M.

2. Count out 32 of the beans into a piece of the clear plastic wrap. Tighten the wrap around the
beans to approximate a sphere. Its mass should be approximately M,/2.

3. Count out 16 of the beans into a piece of the clear plastic wrap. Tighten the wrap around the
beans to approximate a sphere. Take the mass to be approximately M,/4.

4. Count out 8 of the beans into a piece of the clear plastic wrap. Tighten the wrap around the beans
to approximate a sphere. Take the mass to be approximately M,/8.
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Garbanzo bean bags made with plastic wrap.

5. Measure the diameters of these paper balls, using a compass as a caliper. For balls that are not
very close to spherical, the average of several diameters can be used. Record the masses and
diameters on the data sheets.

6. Repeat steps 8 and 9 of the previous procedure for Al balls.

Post Lab Questions:

1. Compare your results for “k” and “d” from the manual plot and the excel plot for
each case.

2. How does the value of “d” compare with the value you would get if the spheres were
perfectly spherical?

3. Can this method be used to find the relationship between length of a simple
pendulum and its time period? If so, can you design a simple experiment to test
your hypotheses? What power law equation will you use?

4. Using the propagation of experimental error method, calculate the experimental
errors for “k” and “d”.
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AAPT letter for contributed talk

PHYSICS EDUCATION

National Office

Executive Board

President
Alexander Dickison
mmsenity College

Sem

Sanford, FL

President-Elect
David M. Cook
Lawrence University

Appleton, WI

Vice President
David R. Sokoloff
University of Oregon
Eugene, OR

f Do
Denver, CO

Treasurer
Paul W. Zice
Universiy of
Dearbarn, MI

igan-Dearborn

Past President
Lila Adair
Piecmont College
Demorest, GA

Chair of Section Representatives

Vice Chalr of Section Represcntatives |
M

Milner-Bolotin

At-Large Board Members
Gordon Ramsey

Loyola Univensity Chicago
Frankfors, IL

Elizabeth B. Chesick
Belduin School
Bryn Mawr, PA

American Association of Physics Teachers

October 14, 2009

Dr. Nandini Banerji

Physics Instructor

Minnesota State Community and Technical College
Fergus Falls, MN 56537

Dr. Banerji,

On behalf of the Programs Committee of the American Association of Physics Teachers
(AAPT), | am pleased to inform you that your contributed talk, Comparison of Undergraduate
Physics Education in US, Spain and India, has been accepted for the 2010 APS/AAPT Joint
Meeting in Washington, D.C., February 13-17, 2010.

This joint meeting offers an excellent opportunities for members, colleagues, and future
physicists from around the world to participate in physics workshops, meet and greet other
physics educators, form networks nationally and locally, engage exhibitors and learn about
the latest physics resources, discuss innovations in teaching methods and share the results
of research about teaching and learning.

| offer the Association's gratitude for your participation and look forward to seeing you in
Washington, D.C.

Sincerely,

o] R et

David Sokoloff
Program Chair
American Association of Phvsics Teachers
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AAPT CONFERENCE PRESENTATION

r -
¢
, 'umparisnn‘ of Undergraduate Physics

“ education” in/US, Spain and India
-
-

NANDINI BANERII, PHD,
APPLIED PHYSICS,

PHYSICS FACULTY AT
MSTATE FERGUS FALLS, MN

‘Presentatlon

pWork' presents a comparative
b on my personal
EXPERENCES of teaching

under@graduate physics courses in
three  widely different teaching
environments in:

India, Spain and the US
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* TEAGHING| BACKGROUND

LndiaNEnRgIish)#Physics theory and lab to
s athightsehool in 1984

Dwtd 4 St d

Spain (Sﬁamsh) Undergraduate and
Gradutye courses at Universidad de Vigo,
Spain befween 1998-2006

US: TJA af: SUNY Buffalo (1985-87), Faculty
at SUNY Cobleskill (1988-89) and faculty at
MState Fergus Falls (2006 onwards)

W le the course outlines for the
[zl el College/University
Physg@ Weourses are broadly
similar,  student competencies
vary broadly due to multiple
factors: motivation, societal and
cultural factors, classroom and
lab environment, class size and
heterogeneity, technology etc.
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*Rote 'learrﬁng ': .
*High population density
*Highly competitive
*Focus on jobs abroad
*Increasing IT jobs

iglelt=
—

*Lack of Independent

2 canalytical thinking

*Good Math skills but poor
*conceptual understanding

*Less focus on application of science
*Lack of lab infrastructure

PROBLEM OF QUALITY
PHYSICS EDUCATION

*High Tuition costs
*Poor math skills *Most students work to
*Lack of STEM emphasis *Pay for tuition
at High school *Better conceptual
understanding but

*Poorer problem solving skills

VL

PROBLEM OF QUALITY
EDUCATION

*Too much flexibility in the

choice of subjects
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’lf\ﬂfblt\ sysem is | .
rigid and outmoded Spaln
* students rely _—
on class notes and *Good social life with night life
previous exams *Exams are held 4 times a year

*No shame associated with not passing

PROBLEM OF QUALITY
EDUCATION

h‘ education system

e

Erydifferentthan usa

tenus much lower
most unversities are public
students chopse universities close to
home.

Grading system is different. 50% is
passing. Passing is important, not as
much the grade.

3-4 hour long final exam (4 chances)
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/ ‘Qipgnish system

ESOsvem UpLe grade 10'where physics is taught
iSifea/Quirnica
| Baccaltiareakesof 2 years followed by university. Math

and Physch;,ie\%ls are very high and compare well with
India.

students doni& get to pick their schedule

Everyone in your grade is in your class and most
programs have specific buildings assigned.

University traditions are rigid and archaic and student
faculty interactions are minimal

Full proffesorship is obtained through an archaic open
exam. (Full professor is a life long govt. bureaucrat

% ‘ Igdian system

Physics s talght aspart of the school curriculum

. ade VID Thereare good text books but
notenoughiab faciities to learn about the
practicallepphtations.

IITs enﬁ{ce exams are stiff and select the best
studentsMasters programsin Physics is taught
at IITs but the main focus of students is to go
abroad.

57% of college professors lack either a master's
or PhD degree.
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— " American system

IgHSCHO0INITARIENCa iS so flexible that a lot of
SIS0 erEiip mdjoring in sciences in college
do nottat@”@g\vanced math and calculus in high
school '

Ir generdl, Ifound that at the end of their 1st year of
university, Bhysics majors in the US have math levels
that are equivalent to high school graduates in India
or Spain.

American education (high school and college) system
is designed to promote self-esteem. This leads to
lowering of standards at the high school.

bt ptlle 3 systems

SPAIN USA

Good Math skills Creative and skillful Good conceptual
in problem solving understanding

Good study habits Good Math Great self
background confidence

Motivated to work ~ Open minded Good in lab work
hard
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STEM INITIATIVES: PHYSICS AND ASTRONOMY CAMP AT M STATE

M State - News & Events

One College. Four Campuses. Online

M \ State

Students Programs & Majors SpartanNet Alumni & Friends Business & Industry

News & Events

Students explore the stars at Physics Camp
July 13th, 2010 to December 13th, 2010

Dr. Nandini Banerij believes learning about science and math should be fun, and she shared that
enthusiasm with students at a four-day residential camp at Mi State C ity and Technical
College - Fergus Falls during June. Nearly four dozen area students in grades 6-9 from Underwood,
Wadena, Verndale and Fergus Falls attended the Physics Camp, where they had the chance to leam
about basic astronomy, science and math. Led by Dr. Banerji, students explored large and small
numbers and the unseen world around us, and they learned about renewable energy and some of
science's brightest ideas in optics and lasers. The camp included a visit to the planetarium at
Minnesota State University, Moorhead (followed by lunch at Space Aliens, or course), and students
built and tested their own refractor telescopes. The camp was sponsored by M State's Center for
College Readiness, which provides college preparatory support to participating middle school and
high school teachers and students. Each summer, the center offers students from partner schools the
opportunity to attend regional science and technology summer camps. Michael Cary, director of the
Center for College Readiness, said the camps give students time to be immersed in science and
technology at a much deeper level than is usually possible during the short class periods of a regular
school day. “The camps also allow students to experience a college campus,” he said. "Many of the
students attending the Center-sponsored camps have never been to a college campus, so the camp
allows them to get comfortable with the idea of college as part of their future.”

© SHARE of iy
URL: http:/Awww.minnesota.edu/news/?event_id=849

Back fo Calendar

PROMOTING STEM INITIATIVES: FF DAILY JOURNAL

science classes for the 2008-09 ye:

o amatnencsin0e  williewh the coune, with  sectonn of loamductery  xkill: Sirsila i comcep

7/26/10 2:52 PM

Calendars
Fergus Falls
Headlines

Created
July 13th, 2010

Last Modified
July 16th, 2010
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MENTORING HIGH SCHOOL IN FIRST PROJECT

CERTIFICATE OF APPRECIATION

AWARDED TO

Nondin ia/(e/;j/'
FOR INSPIRING YOUTH AS A

2010 FIRST MENTOR

e
& ﬂ 7

gs e
. DEAN KAMEN

FIRST.FOUNDIR

B S b kAl o W

A WL R G . i

L

The FIRST ROBOTICS COMPETITION (FRC) is a program created to support STEM
initiatives through a process whereby high school student work with teams, sponsors and
technical professionals to develop their solution to a prescribed engineering challenge in a
competitive game environment. In 2012, FRC reaches 48,000 students in approximately
1800 teams and | helped set up the very first FIRST team for the Fergus Falls High school
and we worked with high school students and other faculty members to set up the FIRST
robot that could kick and participate with other teams in a ball game at the University of

Minnesota where the competition was held.
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New Program Initiative

Pillar Pride

A newsletter for alumni and friends

of the Fergus Falls campus of Minnesota State Community and Technical College

Fall 2011

Engineering degree expands options at M State

Fall semester brought a contingent of students
onto the M State - Fergus Falls campus in pursuit
of one of the college’s newest options: an engi-
neering degree. The campus, in partnership with
St. Cloud State University, began offering a de-
gree which enables qualified students to articulate
directly into the Electrical Engineering degree
program at St. Cloud State University.

Otter Tail Power Company and Moore Engi-
neering, Inc. are partnering with M State to pro-
vide internship opportunities for students in the
program, and the college is working with other
area organizations and businesses to secure in-
ternships for students next summer.

The Associate of Science in Engineering de-
gree consists of sequential math, physics and
other science courses that provide the founda-
tion for entry into an array of engineering fields,
in addition to electrical engineering. Graduates
of the program will have the option to transfer to
either a BS in physics or to diverse engineering
programs at many four-year colleges and univer-
sities, in addition to SCSU.

An AS in Engineering will also create options
for entry into technical jobs in the growing new
energy sector. A degree in engineering has been
and will continue to be excellent preparation for
a range of careers in the private and public sec-
tors and in colleges and universities.

Dr. Nandini Banerji, the lead engineering and
physics instructor, earned her master’s degree in
physics at State University of New York in Buf-
falo and her Ph.D. in applied physics from Uni-

M State physics instructor Dr. Nandini Banerji and students (I to r) Megan Endreson, Kylie Janssen, Yuki

Toda and Jay Turner during a physics lab.

versity of Vigo in Spain. She previously taught
physics at SUNY Cobleskill and University of
Vigo. She has been instrumental in the creation
of the AS degree in Engineering.

“As an instructor, I enjoy having the opportu-
nity to make a significant impact in the lives of
my students. I have all the resources to get them
excited about and enjoy learning science, which
I am personally passionate about,” Banerji said.
“At M State, students can receive a quality edu-

cation from well-qualified faculty in small class
settings that enhance student-teacher interac-
tion and are especially useful for group learning
and collaborative problem solving.”

Engineering students will have an opportunity
to take engineering courses during their first se-
mester of attendance. Hands-on engineering ex-
perience coupled with small class sizes and indi-
vidual attention from faculty members are sure to
make the student experience phenomenal.

Long-time friends of the college will remember Pillar Pride, the newsletter named in recognition of the pillars that stand between the
Science Building and College Center. We're happy to be able to bring back Pillar Pride to update alumni and friends about activities on
the Fergus Falls campus of Minnesota State Community and Technical College. We hope you enjoy catching up! If you know others who
would be interested in receiving Pillar Pride, email their name and mailing address to facf@minnesota.edu.

What'’s Inside

Covington g SEP program Alum Vetters finds
shares unique W I carns statewide Ron Tate her perfect fit
perspective Community addresses Page §
Page2 Pride honor graduates

Page 3 Page 4
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New Course and Program at M State

The Physics of Music

PHYS 1107

A 3-credit demonstration-based course with lab-like
experience oftered Fall 2012,
This course fulfills the science requirement
(goal area 3) for AFA and AA degrees.

Inquire TODAY with David Stoddard (W620)
or Dr, Nandini Banerji (S418)

You won't regret it!

www.minnesota.edu/arts M k Ctate

1414 College Way, Fergus Falls, MN 56537 | 218.736.1600

iy Il

e

§  Amemberof oleges and System ‘ }.L”‘JL\ lEUH,\
U "

September 7,2010
Vol. 137, No. 211
Fergus Falls, Mlnn

M State
degree

sparks
interest

By Elizabeth Sias
Daily Journal

Ethan McMahon wants to become an
electrical engineer, and he transferred to
Minnesota State Community and Technical
College-Fergus Falls to get a head start on
that process.

A new engineering degree at M State
will allow students to transfer directly from
the college to the electrical engineering
program at St. Cloud State University with
many of the required major courses under
their belt.

McMahon doesn’t plan to attend St.
Cloud State, but hopes his credits will
transfer to South Dakota State University

to finish his undergraduate work in electri- -

cal engineering. He wanted to attend M
State for the Associate of Applied Science
(AAS) degree to save money on some of
the required major courses.

“I was already set on doing electrical
engineering from the get-to, so when I
found out about this, I figured I might as
well get some engineering stuff out of the
way so I don’t have to do it there and spend
a lot more money per credit,” he said.

‘M State physics instructor Dr. Nandini
Banerji was instrumental in setting up the
new degree program.:She said the idea i
have a set of courses that are g )
a general engineering pro-

See Degree — Page 3

Marie Roggenkamp / Daily Journal



Participation in Food and Ethnicity Awareness with Dr. Sue Wika in the Sustainable
Aariculture and Food production Proaram
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STEM Initiative: Career Fair at MSUM

<o L
.David Samson / The Forum

Moorhead High School students Rebecca Rood, left, and Andy Kilein, center, laugh while touching an
electrostatic generator and shocking their classmates, Alex Gee and Sarah Cegla, under the supervision of Fergus
Falls Community College physics instructor Nandini Banerji on Wednesday during the Science, Technology,
Engineering and Math Summit at Minnesota State University Moorhead.

Too cool for school? Na,h

Summit’s goal to create a buzz over braininess

By Mila Koumpilova
mkoumpilova @ forumcomm.com

ohn Bye, Moorhead High

School junior and would-be

engineer, admits he partly buys

into clichés about folks in the
science and technology fields.
Microsoft employees, for instance, he
always imagined as awkward desktop-
bound recluses.

But after meeting an outgoing
bunch from the Fargo Microsoft office
Wednesday, he reconsidered. As fellow
Moorhead High junior Shawn
Arneson put it, “Ordinary people just
like us who don’t look like total nerds
can do these jobs.”

The boys had this epiphany at the
first Science, Technology,
Engineering and Math Summit at
Minnesota State University Moorhead
—one in a series of statewide events
meant to get students fired up about
careers in those fields.

At this joint venture of the
Minnesota Department of Education
and the Minnesota High Tech
Association, area employers and
colleges told about 600 middle and
high school students about ample job
opportunities - ones they can love
even if they aren’t hopeless geeks.

The Department of Education
developed the summit to address a
looming shortage of science and

technology college graduates. The
state’s growing scientific and high-
tech industries will soon demand an
extra 10,500 grads a year, the
department said.

Educational Commissioner Alice
Seagren said young people don’t know
what they’'re missing out on.
“Students don’t understand the
connection of why they’re studying
math and science. They think, ‘This is
all theory. I'll never use this.’ ”

Mike Slette, director of university
relations at Microsoft, said the dot-
com bust of the early 2000s still
haunts students considering careers
in technology, even as opportunities
have exploded. Some are also scared
off by advanced calculus and science
classes. But to Fargo’s Ulteig
Engineers Vice President Eric
Michel, the field could also use an
image makeover.

“Look at the stereotypes of what a
typical.engineer is — that we’re anti-
social, that you know if an engineer is
interested when they look at your
shoes and not their own shoes,” he
said. “We’re trying to break that
paradigm.”

The Ulteig booth featured an
“Engineering 101” brochure that
advised students most engineers don’t
wear polyester high-water pants or
oversized taped-up glasses. Perky

twenty-something employees sans
glasses staffed the booth, engaging
students in a dart-gun shoot and pop
quiz.

Elsewhere, mesmerized students
watched wire-sprouting robots collide
in front of the MSUM physics and
astronomy booth. At the Minnesota
State Community and Technical
College booth, youngsters juggled
strobes during a DNA extraction
experiment and pressed hands to an
electrostatic generator. Microsoft
employees showed students that if
they soldiered through those calculus
classes, they might just end up
designing cool stuff like the cutting-
edge touch-screen tabletop Surface.

For Bye, the Moorhead High junior,
the experience reinforced a long-
standing interest in engineering. But

.the summit also intrigued students

like Ashley Brossart, a 10th-grader
from Rothsay. The main reason she
doesn’t have fun in math and science
classes: Too much talk and not
enough action. So she was pleasantly
surprised by interactive summit.

“I thought it would be a lot of
talking and stuff. If I got to see the
Microsoft tabletop thing and the
robots every day, science would be a
lot more exciting.”

Readers can reach Forum reporter
Mila Koumpilova at (701) 241-5529
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HANDS-ON PHYSICS AT FERGUS FALLS
MIDDLE SCHOOL

I
¥
fi

Fergus Falls Middle school students participated with me in a hands-on Physics class to
demonstrate Simple Harmonic Motion and Faraday’s law of Electromagnetic Induction

STUDENT APPRECIATION LETER AFTER THE VISIT
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Student Evaluation

Evaluation by Dean

Student “Thank You” Letters
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STUDENT EVALUATIONS: PHYS 1105 Fall 2007: Fundamental Concepts in

Physics
Q29. Comments:

A great teacher. | look forward to take more of her class.

| have really enjoyed the class, | have so many interest in how things work,
just the simple list of things are so complex or simple, great fun, and the
teaching is wonderful, the only thing I could think of is maybe slow down
some, but besides that she has been %110, for me I have to withdraw from
the class, only because | am terrible at Math in general, but sometime soon |
hope to break down the math so that i may use physics with my inventions |
am working on. i really enjoy the first part of my day thanks to her I have
learnt a lot of what i would say useful information. Send much love Tyler D.

Schwarz

| like the class I think that she is a good teacher and knows what she is
talking about. | especially like the class demonstrations the best.

This has been a very enjoyable class, | have learned a lot about physics and

how things work, thanks a whole lot!

IS class is very interesting, | makes me think. | hope to pursue something in

this field.
Nandini Banerji
PHYS 1401 College Physics
Fall 2007
Question N Mean Standard
Deviation

Instructor involves students in the learning process by encouraging student questions and 6.00 4.83 0.41
reinforcing effective participation.

Instructor demonstrates organization and preparation. 6.00 4.00 0.89
Instructor uses class time efficiently. 6.00 4.50 0.55
Handouts and instructional material are helpful and effective. 6.00 4.50 0.55
Course content is related to course objectives. 6.00 4.67 0.52
Instructor communicates course objectives and assignment requirements in a clear manner.  16.00 3.67 0.82
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Instructor supports a class environment that is conducive to learning. 6.00 4.50 0.55
Instructor reviews and grades assignments as communicated. 6.00 4.17 0.75
Instructor demonstrated knowledge of the subject matter. 6.00 5.00 0.00
The instructor was enthusiastic about the subject matter. 6.00 5.00 0.00
Instructor welcomes questions and comments about the subject matter. 6.00 4.83 0.41
Instructor clearly defines the material to be covered in tests. 6.00 4.33 0.52
Instructor uses examples and illustrations (oral, audiovisual, demonstration, whiteboard, 6.00 4.33 0.52
chalkboard, etc.) effectively.
Instructor treated students courteously. 6.00 5.00 0.00
Students interacted respectfully. 6.00 4.83 0.41
Instructor is an effective teacher. 6.00 3.83 0.41
The instructor was willing to help outside of this class. 6.00 4.83 0.41
The instructor defined my responsibilities in this class. 6.00 4.33 0.52
'The instructor seemed concerned with students' progress. 6.00 4.83 0.41
The instructor set high standards for student performance. 6.00 4.67 0.52
Instructor and students follow safety guidelines and principles. 6.00 4.83 0.41
Lab time was spent efficiently. 6.00 4.67 0.52
Sufficient time was allocated for completing lab assignments. 6.00 4.83 0.41
Labs were well prepared and organized. 6.00 4.50 0.55
Almost Never = 1 Rarely = 2 Sometimes = 3 Usually = 4 Almost Always =5 N/A not applicable or no knowledge =

6
Questions
QL. | took this course:
Mean: 2.2
Standard Deviation: 0.4
Responses Count Percent
To satisfy a requirement for general education/general studies 0 0.0%
To satisfy a requirement for my major 5 83.3%
As an elective 1 16.7%
Other 0 0.0%
Q2. | have been absent from class:
Mean: 1.7
Standard Deviation: 0.8
Responses Count Percent
Never 3 50.0%
1 or 2 times 2 33.3%
3 or 4 times 1 16.7%
5 or more times 0 0.0%
Q3. | was prepared for class (read assignments, worked problems, etc.):
Mean: 2.7
Standard Deviation: 0.8
Responses Count Percent
Always 1 16.7%
Most of the time 0 0.0%
About half of the time 5 83.3%
Once in a while 0 0.0%
Never 0 0.0%
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Q4. | study hours per week for this course:

Mean: 3.2
Standard Deviation: 0.8
Responses Count Percent
0 0 0.0%
1-2 1 16.7%
2-3 3 50.0%
over 3 2 33.3%

participation.

Q5. Instructor involves students in the learning process by encouraging student questions and reinforcing effective

Mean: 4.8
Standard Deviation: 0.4
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 1 16.7%
IAlmost Always 5 83.3%
N/A not applicable or no knowledge 0 0.0%

Q6. Instructor demonstrates organization and preparation.

Mean: 4.0
Standard Deviation: 0.9
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 2 33.3%
Usually 2 33.3%
Almost Always 2 33.3%
N/A not applicable or no knowledge 0 0.0%

Q7. Instructor uses class time efficiently.

Mean: 4.5
Standard Deviation: 0.5
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 3 50.0%
IAlmost Always 3 50.0%
N/A not applicable or no knowledge 0 0.0%

Q8. Handouts and instructional material are helpful and effective.

Mean: 4.5
Standard Deviation: 0.5
Responses Count Percent
IAlmost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 3 50.0%
Almost Always 3 50.0%
N/A not applicable or no knowledge 0 0.0%
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Q9. Course content is related to course objectives.

Mean: 4.7
Standard Deviation: 0.5
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 2 33.3%
IAlmost Always 4 66.7%
N/A not applicable or no knowledge 0 0.0%
Q10. Instructor communicates course objectives and assignment requirements in a clear manner.

Mean: 3.7
Standard Deviation: 0.8
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 3 50.0%
Usually 2 33.3%
Almost Always 1 16.7%
N/A not applicable or no knowledge 0 0.0%
Q11. Instructor supports a class environment that is conducive to learning.

Mean: 4.5
Standard Deviation: 0.5
Responses Count Percent
IAlmost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 3 50.0%
IAlmost Always 3 50.0%
N/A not applicable or no knowledge 0 0.0%
Q12. Instructor reviews and grades assignments as communicated.

Mean: 4.2
Standard Deviation: 0.8
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 1 16.7%
Usually 3 50.0%
IAlmost Always 2 33.3%
N/A not applicable or no knowledge 0 0.0%
Q13. Instructor demonstrated knowledge of the subject matter.

Mean: 5.0
Standard Deviation: 0.0
Responses Count Percent
IAlmost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 0 0.0%
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IAlmost Always 6 100.0%
N/A not applicable or no knowledge 0 0.0%
Q14. The instructor was enthusiastic about the subject matter.

Mean: 5.0
Standard Deviation: 0.0
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 0 0.0%
Almost Always 6 100.0%
N/A not applicable or no knowledge 0 0.0%
Q15. Instructor welcomes questions and comments about the subject matter.

Mean: 4.8
Standard Deviation: 0.4
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 1 16.7%
Almost Always 5 83.3%
N/A not applicable or no knowledge 0 0.0%
Q186. Instructor clearly defines the material to be covered in tests.

Mean: 4.3
Standard Deviation: 0.5
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 4 66.7%
IAlmost Always 2 33.3%
N/A not applicable or no knowledge 0 0.0%
Q17. Instructor uses examples and illustrations (oral, audiovisual, demonstration, whiteboard, chalkboard, etc.)

effectively.

Mean: 4.3
Standard Deviation: 0.5
Responses Count Percent
IAlmost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 4 66.7%
IAlmost Always 2 33.3%
N/A not applicable or no knowledge 0 0.0%
Q18. Instructor treated students courteously.

Mean: 5.0
Standard Deviation: 0.0
Responses Count Percent
Almost Never 0 0.0%
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Rarely 0 0.0%
Sometimes 0 0.0%
Usually 0 0.0%
IAlmost Always 6 100.0%
N/A not applicable or no knowledge 0 0.0%
Q19. Students interacted respectfully.

Mean: 4.8
Standard Deviation: 0.4
Responses Count Percent
IAlmost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 1 16.7%
Almost Always 5 83.3%
N/A not applicable or no knowledge 0 0.0%
Q20. Instructor is an effective teacher.

Mean: 3.8
Standard Deviation: 0.4
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 1 16.7%
Usually 5 83.3%
Almost Always 0 0.0%
N/A not applicable or no knowledge 0 0.0%
Q21. The instructor was willing to help outside of this class.

Mean: 4.8
Standard Deviation: 0.4
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 1 16.7%
IAlmost Always 5 83.3%
N/A not applicable or no knowledge 0 0.0%
Q22. The instructor defined my responsibilities in this class.

Mean: 4.3
Standard Deviation: 0.5
Responses Count Percent
IAlmost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 4 66.7%
Almost Always 2 33.3%
N/A not applicable or no knowledge 0 0.0%
Q23. The instructor seemed concerned with students' progress.

Mean: 4.8
Standard Deviation: 0.4
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Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 1 16.7%
Almost Always 5 83.3%
N/A not applicable or no knowledge 0 0.0%
Q24. The instructor set high standards for student performance.

Mean: 4.7
Standard Deviation: 0.5
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 2 33.3%
Almost Always 4 66.7%
N/A not applicable or no knowledge 0 0.0%
Q25. Instructor and students follow safety guidelines and principles.

Mean: 4.8
Standard Deviation: 0.4
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 1 16.7%
IAlmost Always 5 83.3%
N/A not applicable or no knowledge 0 0.0%
Q26. Lab time was spent efficiently.

Mean: 4.7
Standard Deviation: 0.5
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 2 33.3%
IAlmost Always 4 66.7%
N/A not applicable or no knowledge 0 0.0%
Q27. Sufficient time was allocated for completing lab assignments.

Mean: 4.8
Standard Deviation: 0.4
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 1 16.7%
Almost Always 5 83.3%
N/A not applicable or no knowledge 0 0.0%
Q28. Labs were well prepared and organized.
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Mean: 4.5

Standard Deviation: 0.5
Responses Count Percent
Almost Never 0 0.0%
Rarely 0 0.0%
Sometimes 0 0.0%
Usually 3 50.0%
Almost Always 3 50.0%
N/A not applicable or no knowledge 0 0.0%

Q29. Comments:
Has a lot of knowledge in the field of physics

The instructor demonstrates a great knowledge of the subject material but that knowledge
is not always effectively communicated to the students. (Unorthodox teaching style)

I've really enjoyed learning about physics, and | like the way you go into depth about
each formula we learn and show us how it is derived.

Dr.B has a vast knowledge in the subject and provides a great opportunity to teach it to
her students.

the teacher is very knowledgeable of physics.

Although I probably won't remember much from this class 20 years from now, it helps
students to think analytically and come to a solution to a somewhat complicated problem.
Students learn more in this class than just physics. | think more students should take this
class.
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Page 1

Consultation with Administrator

FACULTY: Dr. Nandini BauerlJi
SEMESTER: Spring 2012

STRENGTHS:

Dr. BanerJi is a fine instructor. During a class that [ visited, she demonstrated that she knows
students’ names, organizes the class efficiently. encourages effective purticipation, and uscs phy:
demonstrations to good effect. She has an absolutely solid knowledge of her field. Dr. Banerli is
also involved in curriculum planning and revision: she worked with inother faculty memberin
developing a new. or course in the physics of music which students have
embraced enthusiastically. She has been a member of the General cation Council and has
creatively responded to curricular needs by stacking college and uni y level physics courses.
She has also redesigned components of her online Astronomy course to make it mare user-friendly
and continues to work on other course and curriculum modifications. Dr. Banerli pursucs a vigorous
plan of prof nal development including local and international seminars and conlerences in
physics and astronomy, and she maintains productive contact with har home university in Vigo,
Spain. In short, Dr. BanerJi continues to be a highly valued memberof the MSCTC faculty.

IMPROVEMENTS:

Dr. Banerli will continue to attend local, national, and international conferences as the opportunity

arises and as [unding permits.

INSTRUCTOR COMMENTS;

Name of Classroom Observer Date
Gary Fenrickson 3/26/12
Signaturg of Administrator Conducting Consultation Date
P e 70 L

Gary P. Henrickson

Signature of Instructor * Date 2/25/2&/7—

Nandini Banerji
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Course Assessment Data Report

Semester: SPRING 2008 Date 09/09/2008

Course (prefix, Number, name): PHYS 1402 COLLEGE PHYSICS 11

Number Student Artifacts; 2

Submitted by Dr. Nandini Banerji

Artifact Description (prompt, assignment specifications, exam question(s), lab report, etc.)

Two artefacts: Lab report on RC circuits and Class Test (Chapters 22-24)

1. Lab Report (RC Circuits) This lab report writing tested students on:

e The writing of an organized lab report using correct scientific vocabulary for
communicating their experimental findings.

e Collecting data, Interpreting uncertainty in measurement, Plotting graphs both on mm
scale and logarithmic scale

e Dimensional analysis
e Calculation of result
e Analyzing sources of error and calculation of experimental error

Artifact 1

R-C Circuits Lab (Complete lab with a complete lab report worth 20 points)

Objective: The purpose of this experiment is to investigate the response of an R-C circuit to
the presence or absence of a voltage difference in the circuit and the charging and discharging
properties of a capacitor.

As you must already know by now a capacitor is formed any time two conductors are separated by a non-
conductor. You can think of capacitors as being two metal plates separated by air or vacuum and their
shapes can vary
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Circuit

Charging and discharging a capacitor

Vv
switch switch
+l | I- o\e— o\e—
| ==
R C R C
(a) The capacitor will charge (b) The capacitor will discharge
when the switch is closed. when the switch is closed.

Figure 1 Circuits for charging, in (a), and discharging, in (b), a capacitor through a resistor.

Theory

In a charging capacitor, the voltage build up across the capacitor follows the equation:

Vc:Vmax(l'e_t/(RC))

For a discharging capacitor, the voltage across the capacitor V¢ falls exponentially following the
mathematical equation:

Vc:Vmaxe_t/(RC)

RC is called the time constant which is also expressed by the Greek letter t (Tao).

Charging Circuit  An initially uncharged capacitor in an RC circuit in which the switch is
open will remain uncharged. However, when the switch is closed, electrons from the negative
terminal of the battery or power supply will move through the circuit and accumulate on the
closest plate of the capacitor. This accumulation of negative charge on one plate will induce a
positive charge on the other plate — essentially, the electrons on the opposite plate will be
repelled and will move back to the positive terminal of the battery/power supply. All motion of
electrons will stop when the charge on the plates becomes Q = CV.

Discharging Once a capacitor is charged, it can be discharged. First, the voltage source (the
battery or power supply) must be removed from the circuit. Second, the open circuit caused by
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the removal of the power supply must be closed with a wire. Once these changes are made and
the switch is closed, the excess electrons from one plate of the capacitor will flow through the
circuit until the deficit of electrons on the other plate is removed. The excess charge on the
plates of the capacitor will be zero when the capacitor is fully discharged, and no current will
flow at that time.

Apparatus : Describe the apparatus and the circuit that you will set up to deliver voltage to the
RC circuit. (Caution: Keep the input voltage below 5 volts and make sure that the capacitor
polarity is respected by connecting the positive voltage to the positive end of the capacitor and
negative to the negative as the capacitor provided is polar).

State clearly the resistance and capacitance values that you have been provided.

Draw the Circuit diagrams: in your lab report
1. RC circuit for charging

2. RC circuit for discharging

Procedure :

State the procedure stepwise.

(Example:

1. Set up the circuit as diagramed below using a 1,000 resistor and the 100m F
capacitor.

2. Turn on power supply to an output of no more than 4 volts

Circuit Analysis and measurements:

1. Calculate the theoretical time constant of your RC circuit.

2. Set up a data table for voltage drop across the capacitor vs time for the charging circuit
making sure that you capacitor is totally discharged before you start charging it making
sure that you keep a short time interval between readings in order to be able to graph the
variation of voltage vs time.

3. Set up asimilar data table for the discharge circuit.

Graph your data for the charging and discharging circuit.

5. Compare the experimental time constant calculated graphically for the two circuits with
theoretical value.

B

There should be 4 different graphs:

1) 2 graphs on mm sheet for charging and discharging. From each of these graphs calculate
the time constant of the RC circuit.
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2) Two graphs on semi-log graph paper and calculate the time constant from the slope of the
graph

3) Analyze your data and compare them with the theoretical values. Comment on which
method has the least error in the determination of the time constant.

Error analysis:

Calculate the experimental error in the determination of the time constant.

Post Lab Questions

1. Prove that Ohms * Farads yield units of seconds.

2. What effect does increasing the resistance have on an RC time constant?

3. What effect does decreasing the capacitance have on an RC time constant?

4. After the circuit capacitor was charged but before the discharging process was
started, what was the voltage drop across the resistor and what was the

current in the circuit?

5. Many power failures occur for a few moments. Design an RC circuit which
uses a 600m F capacitor and will still have at least half its charge left on the
capacitor after 15 seconds.

Artifact 2

Class Test on chapter 22-24: Tested students on the analysis of physics problems using a
variety of optics problems based on geometrical and wave optics. Tested students on their ability
to analyze a physical real life problem, interpret the constants and variables, set up the correct
description diagram and use the right equations to resolve them. It also tested students on their
ability to use correct units and unit conversions.

The total number of students assessed are 4

Directions to Evaluator

0 = No proficiency (performance well below the standard)

1 = Limited proficiency (below expectations, deficient performance)

2 = Developing proficiency (satisfactory performance, meets expectation)
3 = Emerging mastery (exceeds expectation, good performance)

4 = Mastery at the appropriate level of the course (far exceeds expectation, very high
performance)

Goal 3 Natural Sciences Scoring Guide

Criteria Ratings Mean Score
1. Demonstrate understanding of scientific theories. 0 1 2 3 4 2.8
2. Formulate and test hypotheses by performing 3.2
laboratory, simulation, or field experiments. One of 0 1 2 3 4
these experimental components should develop, in
greater depth, students' laboratory experience in the
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collection of data, its statistical and graphical analysis,
and an appreciation of its sources of error and
uncertainty.

3. Communicate their experimental findings, analyses, 35
and interpretations either orally or in writing. 0 1 2 3 4
4. Evaluate societal issues from a natural science 3.0
perspective, ask questions about the evidence presented, 0 1 2 3 4

and make informed judgments about science-related
topics and policies.

Total Points 12.5

Course Assessment Data Report

Semester: SPRING 2009 Date 09/15/2009

Course (prefix, Number, name): PHYS 1402/1412 COLLEGE PHYSICS
[I/UNIVERSITY PHYSICS 11

Number Student Artifacts; 3
Submitted by Dr. Nandini Banerji

Artifact Description (prompt, assignment specifications, exam question(s), lab report, etc.)

3 artefacts:

Lab report on RC circuits and

Class Test (Chapters21) and

Class presentation on a topic chosen from either applications of electromagnetism or optics.
This lab report writing tested students on:

e The writing of an organized lab report using correct scientific vocabulary for
communicating their experimental findings.

e Collecting data, Interpreting uncertainty in measurement

e Dimensional analysis

e Calculation of result

e Analyzing sources of error and calculation of experimental error
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2. Class Test on chapter 21: Tested students on the analysis of physics problems based

on Ohm’s law and its circuit based applications. Tested students on their ability to
analyze a physical real life problem, interpret the constants and variables, set up the
correct description and diagram and use the right equations to resolve them. It also tested
students on their ability to use correct units and unit conversions,

The Class presentation tested students on their ability to give an organized presentation

on the applications of electromagnetic forces and optics in real life.

The total number of students assessed are 10
Directions to Evaluator

0 = No proficiency (performance well below the standard)

1 = Limited proficiency (below expectations, deficient performance)

2 = Developing proficiency (satisfactory performance, meets expectation)
3 = Emerging mastery (exceeds expectation, good performance)

4 = Mastery at the appropriate level of the course (far exceeds expectation, very high
performance)

Goal 3 Natural Sciences Scoring Guide

Criteria Ratings Mean Score
1. Demonstrate understanding of scientific 0 1 2 3 4 2.5
theories.
2. Formulate and test hypotheses by 3.0
performing laboratory, simulation, or field 0 1 2 3 4

experiments. One of these experimental
components should develop, in greater depth,
students' laboratory experience in the
collection of data, its statistical and graphical
analysis, and an appreciation of its sources of
error and uncertainty.

3. Communicate their experimental findings, 35
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analyses, and interpretations either orally or in
writing.

4. Evaluate societal issues from a natural
science perspective, ask questions about the
evidence presented, and make informed
judgments about science-related topics and
policies.

3.0

Total Points 12.0
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