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	Title of Proposal
	Bachelor of Science in Applied Computational Physics

	Date
	01/23/16

	Major or Minor
	Major

	Proposer’s Name
	Viviana Acquaviva, Giovanni Ossola 

	Department
	Physics
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	Brief Description of Proposal
(Describe the modifications contained within this proposal in a succinct summary.  More detailed content will be provided in the proposal body.
	
The Physics Department at New York City College of Technology proposes a Bachelor of Science degree program in Applied Computational Physics. This program would be a synthesis of applied physics and high-performance computing, which is in high demand, and does not currently exist at any of the CUNY colleges.


	Brief Rationale for Proposal
(Provide a concise summary of why this proposed change is important to the department.  More detailed content will be provided in the proposal body).  
	
An Applied Computational Physics program will provide students with strong technical skills, critical thinking, and problem-solving abilities that are highly rated by companies in their hiring process. Our graduates will be well equipped with a solid platform in physics, computing, and mathematics, and the program will provide pathways for employment after graduation, as well as for admission to graduate programs.


	Proposal History
(Please provide history of this proposal:  is this a resubmission? An updated version?  This may most easily be expressed as a list).
	
This program was first discussed during the academic-year 2011-2012, and a first version of the letter of intent was submitted in the Fall 2012. Since then, we had several fruitful discussions and meetings with the Provost and Associate Provost, which helped to improve the solidity of the proposal and increase its focus on providing the right combination of technical computational skills and problem-solving abilities. As a consequence, the program has been substantially revised and enriched in the current version.







1.  Purpose and Goals

The Physics Department at New York City College of Technology (City Tech) proposes a Bachelor of Science degree program in Applied Computational Physics (ACP). This program would be a synthesis of applied physics and high-performance computing, which is in huge demand, and does not currently exist at any of the CUNY colleges. While Brooklyn College offers a program in Computational Mathematics and there are several existing programs in Computer Science, none of the CUNY colleges currently offer a Bachelor's program in Computational Physics. In fact, the proposed program would be unique in CUNY in that none of the physics Bachelor’s programs at CUNY include a computational physics component. The only program that includes a single required computing-related course is the B.S. degree in Physics at the College of Staten Island. However, this course Introduction to Computer Science focuses on basic computer structure and programming methodology, rather than the modeling of physical processes and/or applied problems.

The calculus-based sequence of basic physics courses, along with the Modern Physics course and the Introduction to Research course, will teach students the ability to clearly communicate complex scientific ideas both verbally and in written form. These communication skills are in high demand for jobs having to do with scientific information, and will be further honed through the Business and Professional Communication course. The intermediate-level courses will provide a solid foundation in mechanics, electromagnetism, quantum mechanics and thermodynamics, which is necessary for understanding a whole plethora of technological application and advances in science and engineering. Advanced physics classes chosen from a list of elective courses will round up the physics’ subject matter knowledge while giving students the opportunity to select courses based on their research or career interests.

Next, advanced courses developed specifically for the ACP major such as Computational Dynamics, Machine Learning for Physics and Astronomy, and Computational Methods/Computational Methods Laboratory will help students build a readily-usable toolbox of mathematical, problem-solving, and programming skills, which are essential for academic as well as industry-oriented career paths. In these classes, students will learn how to model and simulate a large number of different types of physical systems, formulate and test predictions using semi-analytical and computational techniques as well as data analysis and data mining tools. They will develop an awareness of the underlying assumptions and limitations of various approximation schemes and certain computational algorithms. This will give them the opportunity to identify and apply research ethics and unbiased assessment in gathering and reporting scientific data and in the analyses of results of modeling and simulations. Finally, the mandatory internship/real research experience will give each student the opportunity to directly apply and further develop these skills in a work environment tailored to his or her career interests. All of these anticipated learning outcomes bridge the coursework material with the skills and attributes that are crucial for today's science and technology job market.

Moreover, a Bachelor of Science degree program in Applied Computational Physics will fulfill the growing need for researchers, educators, and information professionals who will perform in roles requiring both programming and problem-solving skills, as well as technological and computational proficiency [1]. It will provide students with strong technical skills, critical thinking, and problem-solving abilities that are highly rated by companies in their hiring process. Our graduates will be well equipped with a solid platform in physics, computing, and mathematics, as well as valuable skills in complex problem-solving and teamwork [2-3]. This will enable them to develop their skill set in high-performance computing simulation and modeling, which will strengthen their preparation for pursuing careers in engineering areas such as aerospace, applied mathematics and computer science, physical chemistry, finance, bio-medicine, environmental science, as well as for conducting research in academic, industrial, or national laboratories. Therefore, students enrolling in such a program will have a large spectrum of employment opportunities in both industry and academia, and the option of a wide variety of post-baccalaureate studies.

An Applied Computational Physics degree program will provide a more broad, balanced and flexible education than a traditional physics major. Moreover, presenting physics within a scientific problem-solving paradigm is a more effective and efficient way to teach physics than the more traditional route [4]. Physical systems and laws will be used as examples for teaching mathematical and computational techniques that can be applied to numerous fields. 

For instance, partial differential equations in thermodynamics have a similar form as the Black-Scholes equation, which describes the price of an option over time. This equation is based on arbitrage pricing theory, in which both drift and volatility are constant. One factor that led to the recent financial crash was a lack of appreciation for the limitations of this equation. One outcome of the proposed program is that students would learn how to reliably use partial differential equations to model various systems. Given that both physicists and economists use partial differential equations to model systems in a manner that necessarily comes with assumptions and limitations, one of the goals of our proposed program is to teach students how to reliably use these types of equations.

Another aspect of the proposal is that physics and physical methods will be used as a backdrop for teaching general computational techniques. As examples, standard courses in Electromagnetism as well as Quantum Mechanics consider simple systems described by equations that either have exact solutions or else can be dealt with in a semi-analytical manner via perturbative expansions. Our proposal involves using numerical techniques to study a broader set of systems from the start. As the students advance through the program, computational techniques will be used to study everything from particle collisions at the Large Hadron Collider to astrophysical systems involving super-massive objects such as black holes. 

The goal of introducing computational elements alongside basic physical principles is to provide students with a mindset for readily applying various elements of their computational toolbox towards the modeling of realistic systems, rather than imposing unrealistic restrictions on those systems. This program is designed in a way that enables students to learn complex laws of nature, physics methods and computational techniques within the context and application in different fields. On top of attracting students to our College, the Applied Computational Physics program will engage and challenge motivated students that are already studying for their associate degrees at City Tech.



2. Need and Justification

This last decade has witnessed historically rapid advances in science, technology, and education driven by a dramatic increase in the power and usage of computers. In the past, educators were content to have undergraduates view scientific computations as “black boxes” and to wait until graduate school to learn what is inside those boxes. However, our increasing reliance on computers makes this less true today, and much less likely to be true in the future.

According to the U.S. Bureau of Labor Statistics (USBLS), the job outlook for physicists is expected to grow by 14% between 2010-2020 [5]. In 2014, the American Institute of Physics conducted a survey of the Physics bachelor’s classes of 2011 and 2012 one year after college graduation [6]. Within these classes, the unemployment rate was only about 4%, with 57% of students enrolled in a graduate program, and about 32% in the workforce (of which about three-quarters held a full-time position). The majority (70%) of physics bachelor’s degree recipients were employed in the private sector in a STEM field, with a median initial salary of $51,000, among the highest of all bachelor degrees [7], and about 80% of them reported to be overall “satisfied” or “very satisfied” with their current position.

According to an article in The Wall Street Journal, "game physicists" earn from $40,000-$90,000 a year translating complex laws of nature—those of mass, energy, speed, and resistance—into formulas that make computer games look real. Physics and computing is an extremely valuable and marketable combination of fields. Students who graduate can work in software development, or get jobs at companies such as Google and Facebook, which rely heavily on mathematical modeling. Wall Street firms search for potential employees who are computationally savvy and strong in physics and mathematics and especially have ability and skills to apply models and computational methods of physics for the financial modeling and analysis [8].

2.1 Computational Physics Programs at Other Universities

“Our major industries -- finance firms on Wall Street, pharmaceutical firms and telecommunications companies – all increasingly need and depend upon computational scientists" [9]. This is linked with strong internship and job prospects, as well as funding opportunities. This has prompted a number of other colleges throughout the country to develop programs pertaining to Computational Physics [9]. Existing programs in Computational Physics, many of which have been developed recently, include:

· University of California at Davis
· SUNY at Buffalo (5 majors, according to the website)
· Pittsburgh State University, KS
· Oregon State University
· Slippery Rock University, Pennsylvania
· Texas Southern University 
· University of Texas at Austin
· New Jersey Institute of Technology 

 Here is a sampling of what some of the faculty at these colleges have to say about their Computational Physics programs:

“Combining physics, computer science, and mathematics, computational physics provides scientific solutions to real-world problems.” 
Oregon State University

“Physics students learn how to identify, quantify, and solve real-world problems and this makes them extremely valuable to prospective companies and laboratories.” 
Pittsburgh State University

“Computational Physics provides solutions to realistic and often complex problems. A computational physicist understands not only the workings of computers and the relevant science and mathematics, but also how computer algorithms and simulations connect the two.” 
Slippery Rock University, Pennsylvania

Our proposed Applied Computational Physics program will provide our students with the option to enter the job market upon graduation. Our graduates will be able to seek employment in areas as diverse as the aerospace industry, chemistry, finance, biomedicine, environmental sciences and computer science. 

2.2 Example and Excerpts from other Computational Physics Programs 

In the present section, we review the features of two such programs, namely the B.S. in Physics (Computational Physics Track) offered by the Department of Physics at Carnegie Mellon University in Pittsburgh [10] and the Bachelor of Science in Computational Physics offered by the School of Physics & Astronomy at the University of Edinburgh in the UK [11]. Both programs share much of the same features as our proposed Bachelor of Science in Applied Computational Physics.

Excerpts from the description of the program offered at Carnegie Mellon University [10]

“The B.S. in Physics/Computational Physics Track is intended to fill the increasing demand for physics graduates who are skilled in computational and numerical techniques which are used in the analysis of physical problems and in subjects ranging from control and real-time programming to software engineering and compiler and operating systems design. The degree provides the student with a rigorous grounding in physics as well as in the foundations and practice of computer use as applied to scientific problems. Work is done on machines ranging from high-level workstations through supercomputers… The track program includes additional courses from the Mathematics and Computer Science Departments as well as special courses in computational physics from the Physics Department.” 

Excerpts from the description of the program offered at the University of Edinburgh [11]
“Computational Physics uses numerical algorithms to solve problems in Physics. The new methodology of Computational Physics increasingly plays a central role in front-line research, and this degree prepares students for a wide range of careers in industry, finance and the public sector… We aim to give our students a thorough education in Physics and the associated Mathematics, together with the ability to write computer programs to simulate natural systems. The course includes substantial practical experience, including the opportunity to use the University's world-class computing systems.”
Both program descriptions focus on four important points, all of which we emulated in the preparation of our proposed major. 
1. The demand for graduates who are skilled in computational and numerical techniques, to be employed in a “wide range of careers in industry, finance and the public sector” (in addition to the possibility of continuing their studies within academia).
2. A focus on the methodology of Computational Physics: numerical algorithms and problem solving skills which are learned by applications to specific physics problems but which can be applied to several other fields.
3. A combined use of Physics, Mathematics, and Computer Science skills.
4. Practical experience with different operation systems and machines, using the advanced computing resources available at the Institutions. 
In all of these programs, knowledge of Physics-- while important-- is not the main objective of the course of studies. It is instead the playing field where the general knowledge precedes the development of logical thinking and practical skills, which are of fundamental importance both within academia and for the job market. 
In the following Table, we show the relative weight of different components of the coursework in the B.S. in Physics (Computational Physics Track) offered by the Department of Physics at Carnegie Mellon University, in comparison with our proposed Applied Computational Physics program.
	
	Carnegie Mellon University
	Proposed program at City Tech

	General Core
	104 (29%)
	42 (35%)

	Physics
	163 (45%)
	35 (29.2%) 

	Mathematics
	38 (10.5%)
	16 (13.3%)

	Computer Science
	27 (7.5%)
	9 (7.5%)

	Electives
	28 (8%)
	18 (15%) 

	Total Number of Credits for Degree
	360 (100%)
	120 (100%)


Table 1. Comparison of the composition of curricula in the B.S. in Computational Physics offered by Carnegie Mellon University and in the proposed ACP major at City Tech.



3.  Student Interest/Enrollment

Currently the Physics Department at City Tech is offering a Physics Minor for students enrolled in other major programs, such as the BS in Applied Mathematics and a Physics Option for LAS students. We do not have a Bachelor program in Physics at City Tech. However, we have observed that an increasing number of students come to our college with the idea of transferring afterwards to more challenging programs. Evidence of this trend is provided by the increasing percentage of students who, instead of taking the 8-credit PHYS 1433/1434 algebra-based sequence, which is required by many of the technology programs in our campus, opt to take the more advanced calculus-based 10-credit sequence PHYS 1441/1442 in order to be accepted in advanced programs offered by other CUNY colleges. As a consequence, the number of students enrolled in the calculus-based physics sequence has continuously increased over the past years.
In fact, already between the Spring 2012-Spring 2013 semesters, the number of sections of PHYS 1441 and PHYS 1442 had doubled, and currently (Spring 2016) we offer seven sections of PHYS 1441 and five of PHYS 1442, all of which are full.

One of the goals of the Bachelor in Applied Computational Physics would be to retain at City Tech at least a portion of the students that are not attracted by the current offerings of the College. This could be accomplished by offering our students the opportunity to learn advanced topics that are appealing to industrial and financial sectors, as well as the opportunity for admittance to graduate programs.

In order to obtain a more thorough understanding of the interests of our student body related to physics, in the Spring semester of 2012, a survey was conducted in our classrooms of approximately 200 students. As can be seen from the first plot on the next page, 19% of the students were very interested in a Computational Physics program and an additional 48% were interested. 

The data is all the more striking if we focus on the responses provided by students in the calculus-based physics classes (PHYS 1441 or 1442). Out of approximately 70 students, 34% were very interested in a Computational Physics program and an additional 38% were interested.

In the same survey, we also asked the students to rate their interest in the following three different Bachelor programs: Computational Physics, Health Physics, and Physics Education. While the positive response for all of these programs exceeded our expectations, Computational Physics attracted the most interest, as illustrated by the following plot.

[image: ]
Figure 1: Results of a student survey indicating student interest toward different concentrations for the Physics major.


[image: ]In the next plot, we focused on the number of students interested in the Computational Physics program but we separated their answers according to the course that they were taking at the time of the survey. PHYS 1441-1442 is the Calculus-based sequence, PHYS 1433-1434 is the algebra based sequence, while PHYS 1111-1117 are introductory classes for non–science majors.
Figure 2: Percentage of students interested in the Computational Physics major according to physics classes already taken.

If we restrict our analysis to students enrolled in the calculus-based physics sequence, which are the ones who are most likely to enroll in a 4-year Physics Bachelor’s program, then the results are even more encouraging, since more than 30% of the students described themselves as very interested in the program. Based on the enrollment of the spring semester of 2012 in PHYS 1441 + PHYS 1442 (approximately 280 students), this data suggests a pool of approximately 80 students each semester that could potentially enroll in the program. Even a fifth of this number would suffice in order to run the program successfully.  

Based on this assumption, a realistic initial projected enrollment would be of about 15 students. This estimate does not include potential students that can be attracted from other institutions. We consider an additional enrollment of 10 new full-time and 5 part-time students each successive academic year, including transfers (see Table 2). We also assume 80% retention for first year students, which is typical of baccalaureate programs at City Tech and that at least 75% of the student remaining in the program after the first year will graduate in four years.

	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Full-Time
	15
	22
	30
	38
	38 

	Part-Time
	0
	5
	9
	13
	17

	Total
	15
	27
	39
	52
	55


Table 2. Projected Enrollment

Given the above working assumptions, we project that this program will produce 8 graduates (or more) per year starting with the end of Year 4.

In addition to students currently taking classes at City Tech, this program could attract additional students to City Tech. The program would be unique within the CUNY offering, as illustrated in the following section.


4. Other Programs at CUNY

Bachelor's programs in physics are offered at the following CUNY colleges: Brooklyn College, City College, College of Staten Island, Hunter College, Lehman College, Queens College and York College. Most of the colleges provide a physics major with emphasis on different sub-fields in physics and/or concentrations. For example, City College offers Applied Physics, Material Science, Optics/Photonics, Biomedical Physics and Physics Education concentrations, and is currently developing a Financial Physics concentration. The College of Staten Island has initiated a joint B.S. degree between Engineering Science and Physics. York College offers a B.S. program in Pre-Medical/Pre-Dental Physics, as well as a Medical Physics option. Queens College provides a B.A. degree in Applied Physics and Pre-Engineering, as well as a Bachelor of Science in Physics. Brooklyn College offers a bachelor’s degree in physics as a MA in Physics and an MA in Physics Education (7-12). A.S. Degrees in Physics are offered by the Department of Physical Sciences at Kingsborough Community College and by the Physics and Technology department at Bronx Community College.

While Brooklyn College offers a program in Computational Mathematics and there are several existing programs in Computer Science, none of the CUNY colleges currently offer a Bachelor's program in Computational Physics. Moreover, the aforementioned physics Bachelor’s programs do not include a computational physics component. The only program that includes a single required computing-related course is the B.S. degree in Physics at the College of Staten Island. However, this course Introduction to Computer Science focuses on basic computer structure and programming methodology, rather than the modeling of physical processes and/or applied problems.

Queens College is currently offering a Bachelor’s and a Master’s Program in Physics. The Physics Department at City Tech will reach out to Queens College to develop an articulation agreement that would better enable students in our program to pursue their graduate education within CUNY.


5. Curriculum

The B.S. program in Applied Computational Physics is built upon the structure and learning outcomes of the Liberal Arts & Sciences program. In addition to the Core requirements, additional credits in Physics, Computer Science, and Mathematics will be required.

5.1 Overview of the Courses in the Curriculum

The proposed curriculum for the Applied Computational Physics program is designed to expose students to several inter-connected topics, with the necessary scope for equipping them with a diverse set of technical and mathematical skills, as well as logical thinking and problem-solving abilities. The curriculum can be divided into the following four components:

1. The first component aims at building a solid foundation in physics. This portion of the curriculum is common to most Physics majors in other universities and contains the standard physics background from the General Physics courses: Mechanics, Thermodynamics, Electricity and Magnetism, Optics and a general introduction to Modern Physics. More advanced courses will then expose the students to Analytical Mechanics, Electromagnetism and Quantum Mechanics, which are the entry-level requirements for any graduate program in Physics.

2. The next component, which is crucial for an understanding of the physical world, is related to mathematics. After completing the standard Calculus courses, the students will be exposed to advanced courses such as Linear Algebra, Probability and Statistics, and Differential Equations, which provide additional analytical and computational skills as well as computational methods. Not only are all of these mathematical skills critical for understanding the related coursework, but they are also considered to be valuable assets by potential employers.

3. The third component relates to programming skills. Basic courses in computer programming offered by the Computer Systems Technology Department have been incorporated early on in the program. These courses will be the foundation for the more advanced Computer Science and Computational Physics courses.

4. Lastly, the fourth component of the curriculum is the more technical part related to computational and numerical techniques. Advanced problems in physics serve as opportunities for exposing students to state-of-the-art numerical and computational techniques during the last two years of the program. At the same time, they will develop an understanding of the complex problems at the forefront of research in physics. This component will provide students with a solid foundation to enter graduate school, as well as a valuable skill set of competencies that is valuable in the job market, financial sector, and advanced technologies. An internship/real research experience will provide students with the opportunity to apply and test the acquired skills in a real work or research environment. 

The course of studies proposed in the Applied Computational Physics program requires the development of advanced computational and mathematical skills. The admission requirements are described in Appendix G.

5.2 Anticipated Learning Outcomes in the Curriculum

From basic coursework to the most advanced applications, the program in Applied Computational Physics will equip students with a strong foundation in general education, as well as a deep understanding of mathematical methods and various physical phenomena. The synthesis of the above-mentioned components of the curriculum will enable the students to apply their toolbox of computational skills and modeling and simulation techniques to a large spectrum of careers.   

The program has been designed around the following learning outcomes:

· The ability to clearly communicate complex scientific ideas both verbally and in written form
· An appreciation of how the scientific method is built upon testable hypotheses and experimental evidence
· A concrete foundation in basic physics, including mechanics, electromagnetism, quantum mechanics and thermodynamics 
· The ability to develop a set of mathematical, problem-solving, and computer programming skills
· The ability to model and simulate a large number of different types of physical systems and formulate predictions using semi-analytical and computational techniques and data analysis
· An awareness of the underlying assumptions and limitations of various approximation schemes and certain computational algorithms
· The ability to identify and apply research ethics and unbiased assessment in gathering and reporting scientific data and in the analyses of results of modeling and simulations
· An awareness of the ethical, societal, legal and other personal aspects of being a professional.






5.3 Courses Required to Complete the Program

The proposed curriculum for the Applied Computational Physics program is outlined below. The curriculum reflects the City Tech General Education requirements.

	General Education Common Core
	42

	Physics courses (General)
	25

	Physics courses (ACP)
	16

	Computer Science courses
	9

	Mathematics courses
	19

	Elective courses
	9

	Total Number of Credits
	120


Table 3: Summary of Credit distribution within the proposed curriculum.


General Education Common Core: 42 cr 

Required Core (12 cr) 
English Composition I (ENG1101) – 3 cr
English Composition II (ENG1121) – 3 cr
Any Quantitative and Mathematical Reasoning course – 3 cr
Any Life and Physical Sciences course – 3 cr

Flexible Core (18 cr) 
Any WCGI course – 3 cr
Any USED course – 3 cr
Any CE course – 3 cr
Any IS course – 3 cr
Any SW course – 3 cr
One Additional Course – 3 cr

College Option Requirement (12 cr) 
One course in Speech/Oral Communication: Public Speaking (COM 1330) or higher – 3 cr
One interdisciplinary Liberal Arts and Sciences course – 3 cr
Additional liberal arts credits to reach a minimum total of 42 credits in general education. In meeting their general education requirements overall, students must take at least one advanced liberal arts course or two sequential courses in a foreign language.

We provide below a list of courses that fulfill general education requirements as well as program-specific requirements. Students who choose to select these courses will be able to use the additional credits for elective courses.

Any Quantitative and Mathematical Reasoning course – Calculus I (MAT1475) 
Any Life and Physical Sciences course – General Physics I: Calculus based (PHYS1441)
One Additional Course – Calculus II (MAT1575)
Any SW course – General Physics II: Calculus based (PHYS1442)

Common core requirements are not subject to any constraints, but we will provide advisement material with additional suggestions for students, according to their individual interests. For example, LIB1201 (Research and Documentation in the Information Age) might be used to fulfill the Individual and Society requirement and COM3401 (Business and Professional Communication) might be used to fulfill the liberal arts requirement of the College Option; these courses would help students develop an awareness of the ethical, societal and legal aspects of being a professional. For students interested in qualitative and quantitative analysis of data across the disciplines, the college option requirement for an advanced liberal arts course could be satisfied by taking SBS2000 (Research Methods for the Social and Behavioral Sciences). For students interested in the financial world and in exploring related career paths, a foundation of economics can be provided by ECON1101 (Macroeconomics), ECON1401 (Microeconomics), or ECON2505 (Environmental Economics), all of which satisfy one flexible common core requirements (USED, IS and WCGI, respectively).


Program-Specific Degree Requirements and Electives: 78 cr  

Computer Science Requirements: 9 cr

CST 1101 Problem Solving with Computer Programming – 3 cr
CST 1201 Programming Fundamentals – 3 cr
CST 1204 Database Systems Fundamentals – 3 cr 

General Physics Requirements: 25 cr

PHYS 1441 General Physics I: Calculus based – 5 cr
PHYS 1442 General Physics II: Calculus based – 5 cr
PHYS 2443 Modern Physics -- 4 cr
PHYS 2607 Introduction to Quantum Mechanics -- 3 cr
PHYS 3100 Classical Mechanics -- 4 cr (new)
PHYS 3200 Electricity and Magnetism -- 4 cr (new)

Applied Computational Physics (ACP) Requirements: 16 cr

These advanced courses have been developed specifically for this Program and build most of the requirements of the last three semesters of the ACP Curriculum. They are characterized by a focus on computational techniques and they all include a large practical component. 

PHYS 3300 Computational Fluid Dynamics -- 3 cr (new)
PHYS 3600 Machine Learning for Physics and Astronomy -- 3 cr (new)
PHYS 4100 Computational Methods -- 4 cr (new)
PHYS 4150 Computational Methods Laboratory -- 2 cr (new)
PHYS 4200 Internship/Real Research Experience – 4 cr (new)


Mathematics Requirements: 19 cr

MAT 1475 Calculus I -- 4 cr
MAT 1575 Calculus II – 4 cr
MAT 2675 Calculus III -- 4 cr
MAT 2580 Linear Algebra -- 3 cr
MAT 2572 Probability and Mathematical Statistics I -- 4 cr 

Program Electives: 9 cr

Elective courses provide the freedom to adapt the curriculum to the specific interests and previous curriculum choices of each individual student. In particular:
 
Students who need to complete MAT1275 and MAT1375 before beginning the calculus-based classes required by the program might use these credits to do so within the 120-credits count for the degree.

Students who choose courses that can fulfill General Education requirements as well as program-specific requirements (for example, MAT 1475 as Quantitative and Mathematical reasoning) will be able to choose additional elective courses besides these 9 credits.

We provide below a list of suggested courses, labeled ACP electives, which are particularly suited to the learning objectives of the program. Such list will be updated as the offerings of the College change or expand. 

Students are also encouraged to discuss the selection of elective courses beyond this list with the Program Director. For example, students interested in hardware-oriented programming may consider the inclusion of CET4962 (Applied Software Technology) or CET4960 (Applied Digital Technology).


ACP Elective Courses, divided by discipline: 

CST 2301 Multimedia and Mobile Device Programming – 3 cr
CST 2309 Web programming I – 3 cr
CST 2409 Web programming II – 3 cr
CST 2403 Introductory C++ Programming – 3 cr
CST 3503 C++ Programming Part II – 3 cr
CST 3513 Object Oriented Programming in Java – 3 cr
CST 3613 Application Development – 3 cr

MAT 2680 Differential Equations -- 3 cr 
MAT 3770 Math Modeling I -- 3 cr
MAT 4880 Math Modeling II -- 3 cr
MAT 2630 Numerical Methods -- 3 cr
MAT 3772 Stochastic Models -- 3 cr 
MAT 3880 Introduction to Partial Differential Equations -- 3 cr 
MAT 3672 Probability and Mathematical Statistics II -- 4 cr	
MAT 4672 Computational Statistics with Applications -- 3 cr
MAT 3788 Applications of the Heat Equation for Financial Mathematics -- 3 cr	
MAT 4788 Financial Risk Modeling -- 3 cr	

PHYS 2605 Introduction to Laser Physics and Photonics -- 4 cr
PHYS 2609 Introduction to Quantum Computing 3 cr 
PHYS 3400 Advanced Quantum Mechanics -- 3 cr (new)
PHYS 3500 Statistical Physics and Thermodynamics -- 3 cr (new)

Course outlines for all the new courses are provided in the Appendix. Note that all the courses required for the first four semesters of the ACP Program are already part of the current offerings of the College.

The Applied Computational Physics program will be synergistic with the existing Mathematics and Computer Science programs at City Tech, thereby providing an interdisciplinary approach to the study of various physical systems. One of the benefits of this is that a relatively small number of new classes would need to be developed in order to initiate the program. 

In particular, City Tech already has Associate and Bachelor’s degree programs, as well as a bioinformatics program, which target computational skills. This means that existing courses in Computer Science and Mathematics can be incorporated in the curriculum for the Applied Computational Physics program. Moreover, this program can provide additional opportunities and synergies for the students currently enrolled in other majors in the college, and stimulate the students enrolled in the Physics Option to pursue a career in science and technology.

In addition, the proposers of the Applied Computational Physics program are currently reaching out to community colleges within the CUNY system to develop articulation agreements that would better enable students to transfer to City Tech to pursue the Applied Computational Physics degree. Letters of support and agreement from two community colleges (BMCC and BCC) are included in the Appendix C.3.  

Writing Intensive Requirement. Students at New York City College of Technology must complete two courses designated WI for the associate level, one from the Common Core and one from the ACP major, and two additional courses designated WI for the baccalaureate level, one from Common Core and one from the ACP degree program. 

The choice of the WI courses within the Common Core is left to the students. For courses within the ACP program, a viable path is provided by PHYS 2443 (Modern Physics) and PHYS 4200 (Internship/Real Research Experience). The outlines of these courses can be found in Appendix F and Appendix E.9, respectively.


	SAMPLE SEQUENCE
	Course Code
	Credits

	Semester I
	15

	Calculus I (fulfills Quantitative and Mathematical Reasoning requirement) 
	MAT 1475
	4

	English Composition I (Required Core)
	ENG 1101
	3

	Physics I (fulfills Life and Physical Sciences requirement)
	PHY 1441/1441L
	5

	Flexible Core WCGI course
	Any WCGI course
	3

	Semester II
	15

	Problem Solving with Computer Programming
	CST 1101
	3

	Calculus II (fulfills Flexible Core Additional Course requirement)
	MAT 1575
	4

	Physics II (fulfills Flexible Core SW requirement)
	PHYS 1442/1442L
	5

	English Composition II (Required Core)
	ENG 1121
	3

	Semester III
	13

	Programming Fundamentals
	CST 1201
	3

	Linear Algebra
	MAT 2580
	3

	Modern Physics
	PHYS 2443
	4

	Flexible Core USED course
	Any USED course
	3

	Semester IV
	16

	Flexible Core CE course
	Any CE course
	3

	Database Systems Fundamentals
	CST 1204
	3

	Intro to Quantum Mechanics
	PHYS 2607
	3

	Elective Course
	Any course
	3

	Calculus III
	MAT 2675
	4

	Semester V
	17

	Probability & Statistics I 
	MAT 2572
	4

	Flexible Core IS course 
	Any IS course
	3

	Classical Mechanics
	PHYS 3100 (NEW)
	4

	College Option course 
	Any College Option course
	3

	Elective Course
	Any course
	3

	Semester VI
	16

	Elective Course
	Any course
	3

	Electricity & Magnetism
	PHYS 3200 (NEW)
	4

	Computational Dynamics (ACP)
	PHYS 3300 (NEW)
	3

	Speech -- College Option course
	COM 1330 or higher
	3

	Program Elective Course I
	Any course (see suggested list)
	3

	Semester VII
	13

	Machine Learning in Physics and Astronomy (ACP)
	PHYS 3600 (NEW)
	3

	College Option course 
	Any College Option course
	3

	Computational Methods (ACP)
	PHYS 4100 (NEW)
	4

	Program Elective Course II
	Any course (see suggested list)
	3

	Semester VIII
	15

	Elective Course
	Any course
	3

	Computational Methods Laboratory (ACP)
	PHYS 4150 (NEW)
	2

	Program Elective Course III
	Any course (see suggested list)
	3

	Internship/Real Research Experience (ACP)
	PHYS 4200 (NEW)
	4

	College Option course -- Interdisciplinary
	Any College Option ID course
	3

	
	
	120


Table 4: Possible semester-by-semester sequence of classes. In this sample, we selected courses that fulfill general education requirements as well as program-specific requirements, thus allowing for additional 12 credits of elective courses.

Curriculum Personalization and Adaptations. The selection of classes presented above is designed to maximize the development of skills that are valuable for students seeking employment. The vast selection of Elective Courses allowed in the program should provide an adequate degree of flexibility to adapt the curriculum to the needs and academic interests of each individual student. In special cases, minor changes to the Curriculum will be allowed with the permission of the Program Director, for example to facilitate the transition to the Applied Computational Physics program for students transferring from a different college, or from a different course of studies. We remark again that all changes should be approved beforehand by the Program Director.

5.4 Mapping Anticipated Learning Outcomes to the Courses

As discussed in section 5.2, the anticipated learning outcomes of this proposed program are as follows:

1. The ability to clearly communicate complex scientific ideas both verbally and in written form
2. An appreciation of how the scientific method is built upon testable hypotheses and experimental evidence
3. A concrete foundation in basic physics, including mechanics, electromagnetism, quantum mechanics and thermodynamics
4. The ability to develop a set of mathematical, problem-solving, and computer programming skills
5. The ability to model and simulate a large number of different types of physical systems and formulate predictions using semi-analytical and computational techniques and data analysis
6. An awareness of the underlying assumptions and limitations of various approximation schemes and certain computational algorithms
7. The ability to identify and apply research ethics and unbiased assessment in gathering and reporting scientific data and in the analyses of results of modeling and simulations
8. An awareness of the ethical, societal, legal and other personal aspects of being a professional.

These anticipated learning outcomes are mapped to the required courses in the program in the table below. We indicate with different letters whether the learning outcome is introduced (I), reinforced (R), or applied to solve more complex problems (A).

	Course #
	Course name
	1
	2
	3
	4
	5
	6
	7
	8

	MAT 1475
	Calculus I
	
	
	
	I
	
	
	
	

	MAT 1575
	Calculus II
	
	
	
	I
	
	
	
	

	CST 1101
	Problem Solving with Computer Programming
	
	
	
	I
	
	
	
	

	CST 1201
	Programming Fundamentals
	
	
	
	I
	
	
	
	

	PHYS 1441 
	General Physics I
	I
	I
	I
	
	
	
	
	

	PHYS 1442 
	General Physics II
	R
	I
	I
	
	
	
	
	

	PHYS 2443 
	Modern Physics
	R
	R
	R
	
	
	
	
	

	MAT 2580
	Linear Algebra
	
	
	
	I
	
	
	
	

	PHYS 2607 
	Introduction to Quantum Mechanics
	
	A
	R
	
	
	
	
	

	CST 1204
	Database Systems Fundamentals
	
	
	
	R
	
	I
	
	

	MAT 2675
	Calculus III
	
	
	
	R
	
	I
	
	

	MAT 2575
	Probability & Statistics I
	
	
	
	R
	I
	R
	
	

	PHYS 3100 
	Classical Mechanics
	
	R
	A
	
	
	
	
	

	PHYS 3200 
	Electricity and Magnetism
	
	R
	A
	
	
	I
	
	

	PHYS 3300 
	Computational Fluid Dynamics (ACP)
	R
	A
	R
	I
	I
	R
	
	 

	PHYS 3600 
	Machine Learning for Physics and Astronomy (ACP)
	R
	
	
	R
	R
	R
	R
	

	PHYS 4100 
	Computational Methods (ACP)
	
	
	
	R
	R
	R
	R
	 

	PHYS 4150 
	Computational Methods Laboratory (ACP)
	
	
	
	A
	A
	A
	A
	 

	PHYS 4200 
	Internship/Real Research Experience (ACP)
	A
	
	
	
	
	
	A
	A 


Table 5: Mapping of learning outcomes to the required courses in the program.


6.  Faculty

The Physics Department currently has 12 tenured or tenure-track faculty qualified to teach all or a portion of the coursework related to the proposed B.S. degree program. We have faculty members with the necessary expertise to develop the new courses in the proposed curriculum with an emphasis on computational physics. In particular, many of the faculty members are active in research involving advanced computation and its applications to various physical systems. Below is a list of the research done by each faculty member:

1. Viviana Acquaviva: Cosmology with large galaxy surveys; machine learning applications in astronomy
2. Oleg Berman: Condensed matter theory, nanophysics and light-matter interaction
3. Reginald Blake: Hydroclimatology and physical oceanography
4. Andrea Ferroglia: Particle theory and phenomenology, higher-order computations in quantum field theory
5. Boris Gelman: Effective field theory and advanced problems in nuclear physics
6. Roman Kezerashvili (Dept. Chair): Nuclear physics, few-body systems, condensed matter theory
7. German Kolmakov: Condensed matter and high-performance computing
8. Darya Krym: String theory and supergravity
9. Lufeng Leng: Photonics, optical networks and fiber-based devices
10. Ari Maller: Astrophysics and intrinsic properties of galaxies
11. Ashraf Mongroo: Various aspects of physics education
12. Giovanni Ossola: Quantum field theory, computational methods for particle physics

The above research includes the application of theoretical and computational methods for the study of particle physics, condensed matter systems, cosmology and astrophysics, gravitational physics, and optics. Several faculty members have external grants that partially support their ongoing research activities. In addition, there are several faculty members in other Departments that can provide support and bring their expertise to the proposed curriculum, in particular in the Mathematics and Computer Systems Technology departments. 


7. Cost Assessment

The program can be built on curricula and academic structures, as well as the scientific and computer laboratory facilities, which already exist within City Tech. While an additional computer classroom may be required as the program expands, a relatively small amount of new equipment would be needed for this program. New faculty might be required to teach additional courses in the case of high student enrollment in the program (See Table 6). An additional CLT position would be advisable, in order to prepare equipment for the increased number of laboratory classes.

Most of the required software is freely available in the public domain, although some specialized software will need to be acquired. The funding for this will be provided through normal college channels such as the Tech Fee. We will also apply for funding from state and federal agencies such as the National Science Foundation (NSF). We already obtained US Army Grant to support the program in the amount of $204K. The new computers and software will be added as it is indicated in Table 6. 

	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	1. Additional
Personnel
	$65,000
	$68,000
	$71,000
	$74,000
	$77,000

	2. OTPS

	 $5,000
	 $15,000
	 $6,000
	 $6,000
	 $6,000


Table 6. Cost Assessment


8. Computational Facilities 

The Physics Department recently purchased a high-performance computational cluster for undergraduate education and research. Initial funds for the cluster came partially from the GRTI program and partially from the College, and have been supplemented with support of the Physics Division of the U.S. Army Research Office, instrumentation grant #64775-PH-REP. The CTP Linux Cluster currently contains one head node and 36 computing nodes. 34 computing nodes (node01-node34) have two Intel Xeon E5 processors interconnected with 10GbE network and 128 Gb RAM memory each. Computing nodes 35 and 36 are composed as four nodes each assembled in a single box. 28 computing nodes (node09-node36) are augmented by graphics processing units (GPUs) NVIDIA Tesla Kepler K20 that provides significant improvement of the computational capabilities. The GPU CUDA 6.0 compiler and libraries are installed on these nodes. The latest GCC compiler with Open MPI parallel libraries and latest Python distribution are available on the Cluster via the module system.
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APPENDIX A -- Description of New Physics Courses


Course code: PHYS 3100
Title: Classical Mechanics
Number of hours, credits: 4 class hours, 4 credits
Pre-requisites: PHYS1442, MAT1575
Description: A study of classical mechanics from a more advanced perspective than freshman physics, with particular emphasis on Lagrangian and Hamiltonian formalisms. Topics include a review of Newtonian mechanics and the principle of conservation of energy and momentum, as well as the study of calculus of variations, Lagrange’s equations, two bodies central force problems, mechanics in non-inertial frames, rigid bodies, Hamiltonian mechanics, collision theory, and special relativity.

Course code: PHYS 3200
Title: Electricity and Magnetism 
Number of hours, credits: 4 class hours, 4 credits
Pre-requisites: PHYS 1442, MAT1575
Description: Introduction to electrodynamics with applications to physical problems. Topics include electrostatics, magnetostatics, Maxwell’s equations, electromagnetic forces, electromagnetic waves, radiation from accelerating charges and currents, and special relativity.

Course code: PHYS 3300
Title: Computational Fluid Dynamics
Number of hours, credits: 2 class hours + 2 laboratory hours, 3 credits
Pre-requisites: CST 1201 or equivalent and PHYS 3100
Description: Introduction to computational dynamics.  The formalism of continuum mechanics, the conservation of mass, energy and momentum in a fluid, the Euler and Navier-Stokes equations, and viscosity and vorticity will be covered. Fluid instabilities and their growth will also be discussed.  Numerical techniques using the programming language Python for solving problems will be covered including numerical calculations, Monte Carlo techniques and numerical simulations.

Course code: PHYS 3400
Title: Advanced Quantum Mechanics
Number of hours, credits: 3 class hours, 3 credits
Pre-requisites: PHYS 2443 or PHYS 2607, MATH 2572
Description: Advanced quantum mechanics. Topics include the wave function and its probabilistic interpretation, the uncertainty principle, the Schrodinger equation and how to solve it for various scenarios, the Hydrogen atom, angular momentum and spin, identical particles, perturbation theory and other approximation techniques, the variational principle, and scattering.

Course code: PHYS 3500
Title: Statistical Physics and Thermodynamics
Number of hours, credits: 3 class hours, 3 credits
Pre-requisites: PHYS 2443 or PHYS 2607, MATH 2572
Description: This course is devoted to the study of systems made of a large number of particles, an area of thermal physics and statistical mechanics which governs transformations of heat into mechanical work, phase transitions, properties of gases and solids, and many other fundamental phenomena. 

Course code: PHYS 3600
Title: Machine Learning for Physics and Astronomy
Number of hours, credits: 2 class hours + 2 laboratory hours, 3 credits 
Pre-requisites: CST 1201 or equivalent, MAT 1272 or MAT1372 or 2572 or permission
Description: The course focuses on modern problem solving in Physics and Astronomy through statistical inference, machine learning algorithms and data mining techniques. 
Students will be presented with data sets and research problems in different areas of physics (particle physics, geophysics, astrophysics, condensed matter physics) and will learn how to formulate solutions by building their own toolbox, including Bayesian statistics, Monte Carlo sampling, regression and classification algorithms, clustering, dimensionality reduction, data visualization, and data cleaning. The programming assignments will be carried out in current, flexible languages, such as Python.

Course code: PHYS 4100
Title: Computational Methods
Number of hours, credits: 4 class hours, 4 credits
Pre-requisites: PHYS 2443, CST 1201
Description: Introduction to computer modeling in physics. Topics include numerical evaluation of integrals; numerical solution of ordinary and partial differential equations; main numerical schemes including Euler and Runge-Kutta methods; modeling in physics: 2nd Newton’s law and projectile motion, many-body problems with interactions; application of numerical methods to statistical physics, Monte-Carlo methods and Metropolis algorithm; visual programming; basics of high performance and parallel computing; basics of graphics processing unit programming.

Course code: PHYS 4150
Title: Computational Methods Laboratory
Number of hours, credits: 4 laboratory hours, 2 credits
Co-requisites: PHYS 4100
Description: Practical training in computer modeling in physics. Topics include numerical evaluation of integrals; numerical solution of ordinary and partial differential equations; main numerical schemes including Euler and Runge-Kutta methods; modeling in physics: 2nd Newton’s law and projectile motion, many-body problems with interactions; application of numerical methods to statistical physics, Monte-Carlo methods and Metropolis algorithm; visual programming; basics of high performance and parallel computing; basics of graphics processing unit programming.

Course code: PHYS 4200
Title: Internship/Real Research Experience
Number of hours, credits: 160 hours total, 4 credits
Pre-requisites: Departmental approval
Description: This internship/research course provides students with hands-on experience in an applied setting. Student will be able to apply the skills acquired in the academic courses in a real professional environment. For students who wish to apply for graduate programs, the internship can be replaced with a real research experience within a research group selected by the student and a career mentor within the department.


APPENDIX B -- Excerpt from Physics Department's Meeting Minutes
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Excerpt from the Physics Department's Meeting Minutes
			         Thursday, August 30, 2012
	
Faculty Present: Professors Kezerashvili (chair), Acquaviva, Berman, Blake, Boyko, Ferroglia,  Gelman, Grigorenko, Karol, Kolmakov, Krym, Leng, Ossola, Vazquez-Poritz, Williams, Wise 
Excused: Akulov, Gelbord,  Mongroo, Ziegler, Delgado, Hovhanniysan, Maller, Matloff,
CLTs Present:  Grace, Kiezak 

 Goals/Objectives: 
· Physics Major is needed. Department’s main goal – submit a proposal so that by Fall 2013 or by Spring 2014 there will be a Physics major.

Major – BSc.  in Applied Computational Physics:
Prof. Ossola -
· distributed the latest version of the proposal; 
· remarked that this latest version is yet incomplete for some new courses are missing;
· mentioned that the deadline for submitting a letter of intent for the major is October 5, 2012, so this will be the last departmental meeting before the submittal is due;
· asked faculty to go through the proposal and send feedback to him.

An open vote was taken about the proposed major, and the faculty unanimously voted for its submittal.

 Adjournment
Prof. Kezerashvili adjourned the meeting at 2:15 PM



Minutes were prepared and submitted by Prof. Blake



APPENDIX C – Letters of Support
15-10	New Program – BS in Applied Computational Physics	09-20-2016




1

[image: ]C.1: Letters of Support from Industry


[image: ]


[image: Macintosh HD:Users:vivi:Dropbox:Shared_Gio_Viviana:Letters:Vukicevic_Macys.pdf]


[image: Macintosh HD:Users:vivi:Dropbox:Shared_Gio_Viviana:Letters:Support_Letter_Citi_Group.pdf]
[image: Macintosh HD:Users:vivi:Dropbox:Shared_Gio_Viviana:Letters:Letter_Solganik.pdf]



[image: Macintosh HD:Users:vivi:Dropbox:Shared_Gio_Viviana:Letters:Oscar_Insurance.pdf]



C.2: Letters of Support from Graduate Programs in the NYC Area
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C.3: Letters of Support from CUNY Community Colleges with Planned Articulation Agreements
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C.4: Evidence of Consultation with Affected Departments

Email from Sandie Han, Chair of Mathematics
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Email from Huseyin Yuce, Director of the Applied Mathematics Program
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Email from Hong Li, Chair of CST Department
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Email from Ashwin Satyanarayana, Faculty in the CST Department and Co-proposer of the PHYS3600 ID Course:
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APPENDIX D – Library Form 

LIBRARY RESOURCES & INFORMATION LITERACY: MAJOR CURRICULUM MODIFICATION

Please complete for all major curriculum modifications. This information will assist the library in planning for new acquisitions; it will not affect curriculum proposals either positively or negatively.

Consult with library faculty subject selectors (http://citytech/dir) 3 weeks in advance when planning course proposals to ensure enough time to allocate budgets if materials need to be purchased.

Course proposer: please complete boxes 1-4.  Library faculty subject selector: please complete box 5.

	1
	Title of proposal
Bachelor of Science in Applied Computational Physics
	Department/Program
Physics

	
	Proposed by (include email & phone)

Prof. Viviana Acquaviva (718-260-5369)
VAcquaviva@citytech.cuny.edu

Prof. Giovanni Ossola (718-260-5569)
GOssola@citytech.cuny.edu

	Expected date course(s) will be offered 
We aim at a starting date in the Spring 2017
# of students as first year, we expect 15-20 students



	2
	Are City Tech library resources sufficient for course assignments? Please elaborate.

We believe that the library has plenty of resources which will benefit the program, both in physical and electronic format.  
However, the library might consider the acquisition of textbooks and documentation related to the new courses. Recommended books are listed in the next section of the form.




	3
	Are additional resources needed for course assignments?  Please provide details about format of resources (e.g., ebooks , journals, DVDs, etc.), author, title, publisher, edition, date, and price.

· INTRODUCTION TO QUANTUM MECHANICS, David Griffiths, 2nd Edition, 2004, $162.20.
· Introduction to Theoretical and Computational Fluid Dynamics, C. Pozrikidis, Oxford University Press, 2011, $129.00.
· Statistical and Thermal Physics, Michael D. Sturge, 2003, $81.95.
· Introduction to Elementary Particles, Griffith, 2009, $110.00.
· COMPUTATIONAL PHYSICS, N. J. Giordano, Prentice Hall, 2005, $153.20.
· CLASSICAL MECHANICS, Taylor, 2005, $75.00.
· David J. Griffiths, Introduction to Electrodynamics, 3rd ed. (Prentice Hall, 1999), $172.40.
· Data Reduction and Error Analysis for the Physical Sciences, 3rd Edition, by P.R. Bevington and D.K. Robinson, McGraw-Hill, 2003, $70.00.
· Machine Learning in Python: Essential Techniques for Predictive Analysis, Michael Bowles, Wiley, 2015, $50.00 

	
	



	4
	Library faculty focus on strengthening students' information literacy skills in finding, evaluating, and ethically using information. We can collaborate on developing assignments and offer customized information literacy instruction and research guides for your course.
Do you plan to consult with the library faculty subject specialist for your area?  Please elaborate.

We believe that information literacy skills are extremely valuable for all students. Any additional interaction with library specialist would be welcome and will surely improve the program. Moreover, we included as a suggested course in the program, one of the courses offered by the library, namely Research and Documentation in the Information Age (LIB1201).




	5
	Library Faculty Subject Selector______Gordon Xu______

Comments and Recommendations

The current library collection is adequate to support the required non-science core courses and general physics, computer science, and mathematics courses. The library will need to acquire the recommended books listed under #3 and additional material to support the proposed additional new courses on physics.

City Tech library in recent years has expanded its electronic collections. Students and instructors can take advantage of the rich databases and e-book collections, especially the ones focusing on physics, computer science, and mathematics. In addition to City Tech resources, students have access via CLICS (CUNY Libraries Inter-Campus Services) to books at other CUNY colleges, and now have access to interlibrary loan for journal articles.

As the Library Faculty Subject Selector on physics, I'm planning to order recommended books listed under #3, and welcome faculty to recommend books for purchase at any time. I will be happy to work with the instructors and students on customized information searching and research guides for new programs.

Date: Jan 25th 2016




APPENDIX E – New Course Proposals

E.1 PHYS 3100 Classical Mechanics
New York City College of Technology, CUNY 

NEW COURSE PROPOSAL FORM
This form is used for all new course proposals. Attach this to the Curriculum Modification Proposal Form and submit as one package as per instructions.  Use one New Course Proposal Form for each new course.

	Course Title
	Classical Mechanics

	Proposal Date
	01/10/16

	Proposer’s Name 
	A. Ferroglia

	Course Number
	PHYS 3100

	Course Credits, Hours
	4 class hours, 4 credits

	Course Pre / Co-Requisites
	PHYS 1442, MAT 1575

	Catalog Course Description
	The course is devoted to the study of Lagrangian and Hamiltonian methods. Topics include a review of Newtonian mechanics and the principle of conservation of energy and momentum, as well as the study of calculus of variations, Lagrange’s equations, two bodies central force problems, mechanics in non-inertial frames, rigid bodies, Hamiltonian mechanics, collision theory, and special relativity.

	Brief Rationale 
Provide a concise summary of why this course is important to the department, school or college.
	As one of the standard upper level physics courses required by any BS programs in Physics, this course is devoted to a detailed study of the laws of classical mechanics, by means of the appropriate mathematical tools acquired by the students in the Calculus sequence. Aside from providing students with the opportunity of applying and testing their mathematical and computational skills, this course provides a detailed description of the fundamental laws which are the basis of several technological applications. 


	Intent to Submit as Common Core
If this course is intended to fulfill one of the requirements in the common core, then indicate which area.
	This course will not be submitted to fulfill a common course requirement.

	Intent to Submit as An Interdisciplinary Course
	This course will not be submitted as an interdisciplinary course.

	Intent to Submit as a Writing Intensive Course
	This course will not be submitted as a writing intensive course.



Learning Outcomes and Assessments

Discipline specific

	Learning outcome
	Assessment

	Students will understand the Lagrangian formulation of classical mechanics, as well as its derivation based upon the principle of least action. Students will apply Lagrangian formalism to solve several classic problems, including the ones related to the motion of a two body system where the bodies exert central forces on each other
	homework, exams

	Understand the behavior of a mechanical system as described from a non-inertial frame of reference, with its applications to the study of tides and to the Coriolis force
	homework, exams

	Understand the rotational motion of rigid bodies
	homework, exams

	Understand the Hamiltonian formulation of classical mechanics and Liouville’s theorem
	homework, exams

	Understand the basics of scattering theory
	homework, exams

	Understand the theory of special relativity and its description in terms of covariant and contravariant quantities
	homework, exams



General Education 

	Learning outcomes
	Assessment

	Upon completion of the course students should be able to apply the advanced mathematical techniques learned in the Calculus courses to real-life physical applications.
	Class participation, homework assignments, final exam.

	Explain phenomena observed  in everyday life by applying the conceptual understanding of classical mechanics.
	Class participation, homework assignments.

	Apply scientific investigation and inquiry to understand real-world events.
	Class participation, homework assignments.



Homework assignments and the final exam are based on the solution of problems similar to those listed as “Sample Problems” in the Example Weekly Course Outline. In order to pass the final exam a student should demonstrate the ability of solving at least 70% of the problems assigned in the test.

Example Weekly Course Outline:

	Week
	Topic
	Chapters
	Sample Problems

	1
	Review of Newtonian mechanics
	1 (p. 3), 2 (p. 43)
	1.10, 1.12, 1.24, 1.32, 2.2, 2.5, 2.16, 2.53

	2
	Conservation of energy and momentum
	3 (p. 83), 4 (p. 105)
	3.3, 3.11, 3.17, 3.26, 4.2, 4.7, 4.13, 4.16

	3
	Calculus of variations
	6 (p. 215)
	6.1, 6.2, 6.5, 6.9, 6.10

	4
	Lagrange’s equations
	7 (p. 238)
	7.2, 7.3, 7.4, 7.12

	5
	Applications of Lagrange’s equations
	7 (p. 254)
	7.14, 7.17, 7.21, 7.25, 7.50, 7.52

	6
	Two body central force problems
	8 (p. 293)
	8.1, 8.4, 8.6, 8.12 

	7
	The equation of the orbit
	8 (p. 305)
	8.15, 8.17, 8.20, 8.28, 8.30

	8
	Mechanics in noninertial frames
	9 (p. 327)
	9.2, 9.3, 9.8, 9.9, 9.12, 9.16, 9.33

	9
	Rigid bodies
	10 (p. 367)
	10.4, 10.9, 10.10, 10.19, 10.21, 10.34, 10.40

	10
	Hamiltonian mechanics
	13 (p. 522)
	13.1, 13.2, 13.4, 13.8, 13.9, 13.10, 13.13, 13.19

	11
	Lagrange’s equations vs. Hamilton’s equations
	13 (p. 536)
	13.24, 13.25, 13.26, 13.29, 13.31, 13.34

	12
	Collision theory
	14 (p. 558)
	14.2, 14.4, 14.9, 14.13, 14.16,  14.20, 14.24

	13
	Special relativity
	15 (p. 596)
	15.1, 15.3, 15.5, 15.7, 15.11, 15.12, 15.16, 15.21, 15.25

	14
	Mass, four-velocity and four-momentum
	15 (p. 617)
	15.29, 15.31, 15.32, 15.37, 15.39, 15.41, 15.46, 15.50, 15.56, 15.57, 15.79

	15
	Review and final exam
	-
	




Grading Policy and Procedure

Scope of assignments and other course requirements: Students will prepare homework assignments regularly. There will be two exams and a final exam.

Method of grading: Students will be evaluated though homework and exams. The final grade will be based on a weighted average of the grades from the homework and exams as follows: Two Exams 50%, Final Exam 25%, Homework 25%

Required and Recommended Instructional Materials

Recommended textbook: CLASSICAL MECHANICS, Taylor, 2005

College academic integrity policy

Students and all others who work with information, ideas, texts, images, music, inventions, and
other intellectual property owe their audience and sources accuracy and honesty in using, crediting, and citing sources. As a community of intellectual and professional workers, the College recognizes its responsibility for providing instruction in information literacy and academic integrity, offering models of good practice, and responding vigilantly and appropriately to infractions of academic integrity. Accordingly, academic dishonesty is prohibited in The City University of New York and at New York City College of Technology and is punishable by penalties, including failing grades, suspension, and expulsion.

College Policy on Absence/Lateness

A student may be absent without penalty for 10% of the number of scheduled class meetings during the semester as follows:

	Class Meets 
	Allowable Absences

	1 time/week 
	2 classes

	2 times/week 
	3 classes

	3 times/week 
	4 classes



Technology statement: Before entering the course, students should be familiar with the use of a scientific calculator. During the course, students will develop some understanding of scientific computing.


Course Need Assessment

Target Students and Projected Head Counts: This course will be a required upper level science course for BS in Applied Computational Physics students. We will offer the course once per year, ideally in the Fall Semester, and anticipate that each year, all students in year 3 of their bachelor’s degree studies will take the course.  Thus, starting in the third year of the BS in Applied Computational Physics program, we anticipate that there will be approximately 10 students taking the course. As the program grows, also the class enrollment will grow. 

Physical Resources: No additional physical resources are necessary. 

Overlap with Other Courses: This course requires the knowledge of the basic concepts of Newtonian mechanics, which are acquired by students in the general physics course of PHYS 1441/PHYS 1442. However, aside from the introduction, there is no real overlap with the basic course, since PHYS 3100 provides a different and more advanced mathematical approach. Prior 

Full Time Faculty: The department does currently have full-time faculty capable of teaching this course. 

Course Design

PHYS 3100, Classical Mechanics, is a classic course in all bachelor programs in Physics and a required course for the ACP major. It will consist of 2 hour of lecture classes, twice per week, where the topics are introduced and applications illustrated. Homework will be assigned on a regular basis, which will prepare the students for their midterm and final tests. 

Relationship to Programmatic Learning Outcomes
This course will help students reach several programmatic learning outcomes of the Applied Computational Physics major. In particular, through this course students will:
· An appreciation of how the scientific method is built upon testable hypotheses and experimental evidence
· A concrete foundation in basic physics, including mechanics, electromagnetism, quantum mechanics and thermodynamics


Chancellor’s Report Form 
Section AIV: New Courses

New courses to be offered in the Physics department
	Department(s)
	Physics

	Academic Level
	[X] Regular  [   ] Compensatory  [   ] Developmental  [   ] Remedial   

	Subject Area
	Physics

	Course Prefix
	PHYS

	Course Number
	3100

	Course Title
	Classical Mechanics

	Catalog Description
	The course is devoted to the study of Lagrangian and Hamiltonian methods. Topics include a review of Newtonian mechanics and the principle of conservation of energy and momentum, as well as the study of calculus of variations, Lagrange’s equations, two bodies central force problems, mechanics in non-inertial frames, rigid bodies, Hamiltonian mechanics, collision theory, and special relativity.

	Prerequisite
	PHYS 1442, MAT 1575

	Corequisite
	

	Pre- or corequisite
	

	Credits
	4

	Contact Hours
	4

	Liberal Arts
	[X] Yes  [   ] No  

	Course Attribute (e.g. Writing Intensive, etc)
	

	Course Applicability
	
	[X] Major
	

	[  ] Gen Ed Required
	[  ] Gen Ed - Flexible
	[  ] Gen Ed - College Option

	[  ] English Composition
	[  ] World Cultures
	[  ] Speech

	[  ] Mathematics
	[  ] US Experience in its Diversity
	[ ] Interdisciplinary

	[  ] Science
	[  ] Creative Expression
	  [X] Advanced Liberal Arts

	
	[  ] Individual and Society
	

	
	[  ] Scientific World
	


 

	Effective Term
	



Rationale As one of the standard upper level physics courses required by any BS programs in Physics, this course is devoted to a detailed study of the laws of classical mechanics, by means of the appropriate mathematical tools acquired by the students in the Calculus sequence. Aside from providing students with the opportunity of applying and testing their mathematical and computational skills, this course provides a detailed description of the fundamental laws which are the basis of several technological applications. 








E.2 PHYS 3200 Electricity and Magnetism

New York City College of Technology, CUNY 

NEW COURSE PROPOSAL FORM
This form is used for all new course proposals. Attach this to the Curriculum Modification Proposal Form and submit as one package as per instructions.  Use one New Course Proposal Form for each new course.

	Course Title
	Electricity and Magnetism

	Proposal Date
	01/01/16

	Proposer’s Name 
	Giovanni Ossola

	Course Number
	PHYS 3200

	Course Credits, Hours
	4 class hours, 4 credits

	Course Pre / Co-Requisites
	PHYS 1442, MAT1575

	Catalog Course Description
	Introduction to electrodynamics with applications to physical problems. Topics include electrostatics, magnetostatics, Maxwell’s equations, electromagnetic forces, electromagnetic waves, radiation from accelerating charges and currents, and special relativity.


	Brief Rationale
Provide a concise summary of why this course is important to the department, school or college.
	As one of the standard upper level physics courses required by any BS programs in Physics, this course is devoted to a detailed study of the laws of electricity and magnetism, by means of the appropriate mathematical tools acquired by the students in the Calculus sequence. Aside from providing students with the opportunity of applying and testing their mathematical and computational skills, this course provides a detailed description of the fundamental laws which are the basis of innumerable technological applications. 


	Intent to Submit as Common Core
If this course is intended to fulfill one of the requirements in the common core, then indicate which area.
	This course will not be submitted to fulfill a common course requirement.

	Intent to Submit as An Interdisciplinary Course
	This course will not be submitted as an interdisciplinary course.

	Intent to Submit as a Writing Intensive Course
	This course will not be submitted as a writing intensive course.




Learning Outcomes and Assessments

Discipline specific

	Learning outcome
	Assessment

	Learn to calculate electric fi
elds for various types of static charge distributions
	homework, exams

	Learn properties of electric 
fields in matter
	homework, exams

	Learn to calculate magnetic fields for various steady current configurations
	homework, exams

	Learn properties of magnetic fields in matter
	homework, exams

	Learn and apply computational and algebraic techniques to the solution of systems of equations.
	homework, exams

	Learn the significance of each of Maxwell's equations
	homework, exams



General Education 

	Learning outcomes
	Assessment

	Upon completion of the course students should be able to apply the advanced mathematical techniques learned in the Calculus courses to real-life physical applications.
	Class participation, homework assignments, final exam.

	Explain phenomena observed  in everyday life by applying the conceptual understanding electricity and magnetism.
	Class participation, homework assignments.

	Apply scientific investigation and inquiry to understand real-world events.
	Class participation, homework assignments.



Homework assignments and the final exam are based on the solution of problems similar to those listed as “Sample Problems” in the Example Weekly Course Outline. In order to pass the final exam a student should demonstrate the ability of solving at least 70% of the problems assigned in the test.


Example Weekly Course Outline:

	Week
	Topics
	Chapter
	Sample Problems

	1
	Vector Analysis and Mathematical Tools: Vector and tensor transformations; Vector derivatives: gradient, divergence, curl
	Ch.1 (p.1-36)
	1.12, 1.14, 1.15, 1.16, 1.18

	2
	Integral theorems; Polar coordinates, coordinate transformations; Dirac delta function
	Ch.1 (p.38-50)
	1.34, 1.36, 1.38, 1.39, 1.47

	3
	Introduction to Electrostatics: Coulombs Law, superposition, calculation of field from Coulomb's law; Field lines, Flux, Gauss' Law; Examples of field calculations using Coulomb's and Gauss' laws
	Ch.2 (p.59-77)
	2.1, 2.7, 2.10, 2.15, 2.16 

	4
	Electric (scalar) potential, Poisson's and Laplace's equations examples of calculations of potential; Boundary conditions
	Ch.2 (p.78-88)
	2.22, 2.25, 2.27

	5
	Work and energy; Conductors in electrostatics. Induced charge, force between charges and conductors
	Ch.2 (p.91-105)
	2.34, 2.39, 2.41, 2.43

	6
	Special Techniques: Laplace's equation, introduction to boundary value problems in physics
	Ch.3 (p.113-121)
	3.1, 3.3

	7
	Solution of Laplace's equation by separation of variables; Method of images; Multi-pole expansions
	Ch.3 (p.124-158)
	3.7, 3.8, 3.10, 3.15, 3.19, 3.29

	8
	Electrostatic Fields in Matter: Polarization and Dielectrics.
	Ch.4 (p.167-179)
	4.2, 4.7, 4.12

	9
	Calculations of E and V for dielectrics, electric susceptibility and permittivity, forces and energy in dielectrics
	Ch.4 (p.181-202)
	4.15, 4.18, 4.26

	10
	Magnetostatics: Lorentz force law, cyclotron motion, force on a steady current
	Ch.5 (p.210-222)
	5.1, 5.4, 5.5

	11
	Current density, continuity equation; Biot-Savart Law; derivation and applications of Ampere's Law
	Ch.5 (p.223-241)
	5.9, 5.10, 5.13, 5.16

	12
	Magnetic Materials: Magnetization, definition of Dia-, Para- and Ferro-magnets
	Ch.6 (p.266-273)
	6.1, 6.3, 6.5

	13
	Magnetic field inside matter; Magnetic susceptibility and permeability
	Ch.6 (p.274-284)
	6.8, 6.10, 6.12

	14
	Electrodynamics: Ohm's law, EMF and magnetic flux; Faraday's Law
	Ch.7 (p.296-328)
	7.2, 7.5, 7.7, 7.12, 7.16, 7.22

	15
	Maxwell's equations. Final Exam.
	Ch.7 (p.332-340)
	7.34, 7.36, 7.38




Grading Policy and Procedure

Scope of assignments and other course requirements: Students will prepare homework assignments regularly. There will be two exams and a final exam.

Method of grading: Students will be evaluated though homework and exams. The _nal grade will be based on a weighted average of the grades from the homework and exams as follows: Two Exams 50%, Final Exam 25%, Homework 25%

Required and Recommended Instructional Materials

Recommended or typical texts: David J. Griffths, Introduction to Electrodynamics, 3rd ed. (Prentice Hall, 1999). Chapter 1-7.

College academic integrity policy

Students and all others who work with information, ideas, texts, images, music, inventions, and other intellectual property owe their audience and sources accuracy and honesty in using, crediting, and citing sources. As a community of intellectual and professional workers, the College recognizes its responsibility for providing instruction in information literacy and academic integrity, offering models of good practice, and responding vigilantly and appropriately to infractions of academic integrity. Accordingly, academic dishonesty is prohibited in The City University of New York and at New York City College of Technology and is punishable by penalties, including failing grades, suspension, and expulsion.

College Policy on Absence/Lateness

A student may be absent without penalty for 10% of the number of scheduled class meetings during the semester as follows:

	Class Meets 
	Allowable Absences

	1 time/week 
	2 classes

	2 times/week 
	3 classes

	3 times/week 
	4 classes




Technology statement: Before entering the course, students should be familiar with the use of a scientific calculator. During the course, students will develop some understanding of scientific computing.


Course Need Assessment

Target Students and Projected Head Counts: This course will be a required upper level science course for BS in Applied Computational Physics students. We will offer the course once per year, ideally in the Spring Semester. We anticipate that each year, all students in year 3 of their bachelor’s degree studies will take the course.  Thus, starting in the third year of the BS in Applied Computational Physics program, we anticipate that there will be approximately 10 students taking the course. As the program grows, also the class enrollment will grow. 

Physical Resources: No additional physical resources are necessary. 

Overlap with Other Courses: This course requires the knowledge of the basic concepts of electricity and magnetism, plus a general knowledge of Newtonian mechanics, which are acquired by students in the general physics course of PHYS 1441/PHYS 1442. Such courses, in particular familiarity with the topics of PHYS 1442, which will be partially reviewed at the beginning of the course, are an important prerequisite for the more advanced course PHYS 3200. In a similar manner, it is important for students to review what they learned in the Calculus sequence, prior to taking PHYS 3200.

Full Time Faculty: The department does currently have full-time faculty capable of teaching this course. 

Course Design

PHYS 3200, Electricity and Magnetism, is a classic course in all bachelor programs in Physics and a required course for the ACP major. While in several Physics program, the material is spanned over two semesters, we decided to make a selection of the topics and condense the material in one semester, and use this course as one of the basis for computational applications to be developed in the more applied courses. PHYS 3200 will consist of two-hour lecture classes, twice per week, where the topics are introduced and applications illustrated. Homework will be assigned on a regular basis, which will prepare the students for their midterm and final tests. 

Relationship to Programmatic Learning Outcomes
This course will help students reach several programmatic learning outcomes of the Applied Computational Physics major. In particular, through this course students will:
· An appreciation of how the scientific method is built upon testable hypotheses and experimental evidence
· A concrete foundation in basic physics, including mechanics, electromagnetism, quantum mechanics and thermodynamics 
· An awareness of the underlying assumptions and limitations of various approximation schemes and certain computational algorithms

Chancellor’s Report Form 
Section AIV: New Courses

New courses to be offered in the Physics department
	Department(s)
	Physics

	Academic Level
	[X] Regular  [   ] Compensatory  [   ] Developmental  [   ] Remedial   

	Subject Area
	Physics

	Course Prefix
	PHYS

	Course Number
	3200

	Course Title
	Electricity and Magnetism

	Catalog Description
	This course provides an introduction to electrodynamics with applications to physical problems. Topics include electrostatics, magnetostatics, Maxwells equations, electromagnetic forces, electromagnetic waves, radiation from accelerating charges and currents, and special relativity.

	Prerequisite
	PHYS 1442, MAT 1575

	Corequisite
	

	Pre- or corequisite
	

	Credits
	4

	Contact Hours
	4

	Liberal Arts
	[X] Yes  [   ] No  

	Course Attribute (e.g. Writing Intensive, etc)
	

	Course Applicability
	
	[X] Major
	

	[  ] Gen Ed Required
	[  ] Gen Ed - Flexible
	[  ] Gen Ed - College Option

	[  ] English Composition
	[  ] World Cultures
	[  ] Speech

	[  ] Mathematics
	[  ] US Experience in its Diversity
	[ ] Interdisciplinary

	[  ] Science
	[  ] Creative Expression
	  [X] Advanced Liberal Arts

	
	[  ] Individual and Society
	

	
	[  ] Scientific World
	


 

	Effective Term
	



Rationale: As one of the standard upper level physics courses required by any BS programs in Physics, this course is devoted to a detailed study of the laws of electricity and magnetism, by means of the appropriate mathematical tools acquired by the students in the  Calculus sequence. Aside from providing students with the opportunity of applying and testing their mathematical and computational skills, this course provides a detailed description of the fundamental laws which are the basis of innumerable technological applications. 




E.3 PHYS 3300 Computational Fluid Dynamics

New York City College of Technology, CUNY 

NEW COURSE PROPOSAL FORM
This form is used for all new course proposals. Attach this to the Curriculum Modification Proposal Form and submit as one package as per instructions.  Use one New Course Proposal Form for each new course.

	Course Title
	Computational Fluid Dynamics

	Proposal Date
	1/10/2016

	Proposer’s Name 
	A. Maller

	Course Number
	PHYS 3300 

	Course Credits, Hours
	2 class hours + 2 laboratory hours ,3 credits

	Course Pre / Co-Requisites
	CST 1201 or equivalent, PHYS 3100

	Catalog Course Description
	The course provides an introduction to computational fluid dynamics.  The formalism of continuum mechanics, the conservation of mass, energy and momentum in a fluid, the Euler and Navier-Stokes equations, viscosity, vorticity and fluid instabilities will be covered. Numerical calculations, Monte Carlo techniques and numerical simulation will be used to solve problems.

	Brief Rationale
Provide a concise summary of why this course is important to the department, school or college.
	This course was developed for the Applied Computational Physics major and aims to provide students with a basic understanding of how physics and engineering problems involving motion are solved on computers.  This is a fundamental skill used both in academic and industry setting. Students will become fluid dynamics and the various ways problems are solved on the computer.  They will also learn to visualize and analyze their results.  This will develop problem-solving skills, which can be applied to many situations.


	Intent to Submit as Common Core
If this course is intended to fulfill one of the requirements in the common core, then indicate which area.
	This course will not be submitted to fulfill a common course requirement.

	Intent to Submit as An Interdisciplinary Course
	This course will not be submitted as an interdisciplinary course.

	Intent to Submit as a Writing Intensive Course
	This course will not be submitted as a writing intensive course.







Learning Outcomes and Assessments

Discipline specific

	Learning outcome
	Assessment

	Learn the basic concepts and ideas of fluid dynamics
	In-class quizzes, homework assignments

	Understand the Lagrangian and Eulerian approach to fluid dynamics and be able to distinguish between them
	In-class quizzes, homework assignments

	Learn how to solve fluid dynamic problem using computer algorithms 
	In-class quizzes, homework assignments

	Learn the strengths and shortcomings of different numerical techniques and how to identify them
	In-class quizzes, homework assignments

	Learn how to use the numpy, scipy, matplotlib, scikit in Python in order to analyze and visualize simulations
	In-class quizzes, homework assignments, final project



General Education

	Learning outcomes
	Assessment

	Understand and employ both quantitative and qualitative analysis to describe and solve problems, both independently and cooperatively.
	In-class quizzes, homework assignments, final project

	Employ scientific reasoning and logical thinking.
	In-class quizzes, homework assignments 

	Communicate in diverse settings and groups, using written (both reading and writing), oral (both speaking and listening), and visual means.
	Final project presentation



The final exam is based on the solution of problems similar to those assigned during the semester as homework. In order to pass the exam a student should demonstrate the ability of solving at least 70% of the problems assigned in the test.


Example Weekly Course Outline:
	Week
	Topics
	Chapter

	1
	Introduction; course overview
	

	2
	Description of Fluids 
	1.1 - 1.5

	3
	Kinematic Analysis of a Flow
	2.1 - 2.8

	4
	Navier-Stokes Equation 
	3.1 - 3.5

	5
	Euler and Bernoulli Equations
	3.6 - 3.7

	6
	Hydrostatics 
	4

	7
	Flow at Low Reynolds Number
	6.1 - 6.7

	8
	Waves
	Lecture Notes

	9
	Supersonic Flows
	Lecture Notes

	10
	Vorticity
	11.1 - 11.4

	11
	Turbulence 
	11.5 - 11.8

	12
	Kelvin-Helmholtz Instability
	8.1 - 8.4

	13
	Buoyancy Instability
	9.1 - 9.3

	14
	Rayleigh–Taylor instability
	9.5, 9.7-9.8

	15
	Final project presentations
	



The book does not contain homework problems. The homework will be prepared and distributed by the instructor each week. The instructor will also provide lecture notes for week 7 and 8.


Grading Policy and Procedure

The course will be graded according to: in-class quizzes (20%), homework (3 sets, 15% each), and final project (35%).

Required and Recommended Instructional Materials

Introduction to Theoretical and Computational Fluid Dynamics, C. Pozrikidis, Oxford University Press, 2011, ISBN 978-0199752072.

Recommended:

Numerical Computation in Science and Engineering, Oxford University Press, 2011, ISBN 978-0195376111.

Fluid Mechanics, Robert Alan Granger, Dover Publications, 1995, ISBN 978-0486683560


Course Need Assessment

Target Students and Projected Head Counts: This course will be a required upper level science course for BS in Applied Computational Physics students. We will offer the course at least once per year, and anticipate that each year, half of the students in year 3 and 4 of their bachelor’s degree studies will take the course.  Thus, starting in the third year of the BS in Applied Computational Physics program, we anticipate that there will be approximately 8-10 students taking the course. As the program grows, the class enrollment will grow.  We anticipate that there will be 10-12 students from year 4.

Physical Resources: No additional physical resources are necessary, since the necessary computational resources are available through the Center for Theoretical Physics. 

Overlap with Other Courses: This course makes use of the computational and programming skills developed in the introductory computer science classes, and will act as a preparatory step for PHYS 4100 and PHYS 4150 (Computational Methods and Computational Methods Laboratory). It will make use of concepts learned in the introductory Physics classes (PHYS 1441 and PHYS 1442) as well as in the PHYS 3100, Classical Mechanics, course, which is a pre-requisite. 

Full Time Faculty:  The department does currently have full time faculty capable of teaching this course.  In particular, Dr. Maller has several years of research experience in the field of extensive computer simulations (including hydrodynamical simulations) in astrophysics.


Course Design

PHYS 3300, Computational Fluid Dynamics, is a required course for the ACP major. It will consist of two hour of lecture per week, where the topics are introduced and the necessary theoretical concepts are communicated, and of two hours of computer-based hands-on activities. The course will be offered in the computer lab, where also the lecture component will take place. Students will actively participate in the lectures since they will have to answer in-class quizzes, and will develop team-building and oral presentation skills for their final project. 

Relationship to Programmatic Learning Outcomes
This course will help students reach several programmatic learning outcomes of the Applied Computational Physics major. In particular, through this course students will:

· Improve their ability to clearly communicate complex scientific ideas both verbally and in written form; 
· Develop an appreciation of how the scientific method is built upon testable hypotheses and experimental evidence;
· Build a concrete foundation in basic physics, including mechanics, electromagnetism, quantum mechanics and thermodynamics
· Develop a readily-usable toolbox of mathematical and problem-solving skills, as well as computer programming abilities;
· Improve their ability to model and simulate a large number of different types of physical systems and formulate predictions using semi-analytical and computational techniques and data analysis;
· Develop an awareness of the underlying assumptions and limitations of various approximation schemes and certain computational algorithms.









Chancellor’s Report Form
  Section AIV: New Courses

New courses to be offered in the Physics department
	Department(s)
	Physics

	Academic Level
	[X] Regular  [   ] Compensatory  [   ] Developmental  [   ] Remedial   

	Subject Area
	Physics

	Course Prefix
	PHYS

	Course Number
	3300

	Course Title
	Computational Fluid Dynamics 

	Catalog Description
	The course provides an introduction to computational fluid dynamics.  The formalism of continuum mechanics, the conservation of mass, energy and momentum in a fluid, the Euler and Navier-Stokes equations, viscosity, vorticity and fluid instabilities will be covered. Numerical calculations, Monte Carlo techniques and numerical simulation will be used to solve problems.

	Prerequisite
	CST 1201 or equivalent and PHYS 3100

	Corequisite
	

	Pre- or corequisite
	

	Credits
	3

	Contact Hours
	2 class hours + 2 laboratory hours

	Liberal Arts
	[ X ] Yes  [   ] No  

	Course Attribute (e.g. Writing Intensive, etc)
	

	Course Applicability
	
	[ X] Major
	

	[  ] Gen Ed Required
	[  ] Gen Ed - Flexible
	[  ] Gen Ed - College Option

	[  ] English Composition
	[  ] World Cultures
	[  ] Speech

	[  ] Mathematics
	[  ] US Experience in its Diversity
	[  ] Interdisciplinary

	[  ] Science
	[  ] Creative Expression
	  [ X ] Advanced Liberal Arts

	
	[  ] Individual and Society
	

	
	[  ] Scientific World
	


 

	Effective Term
	



Rationale:  This course was developed for the Applied Computational Physics major and aims to provide students with a basic understanding of how physics and engineering problems involving motion are solved on computers.  This is a fundamental skill used both in academic and industry setting. Students will become fluid dynamics and the various ways problems are solved on the computer.  They will also learn to visualize and analyze their results.  This will develop problem-solving skills, which can be applied to many situations.




E.4 PHYS 3400 Advanced Quantum Mechanics

New York City College of Technology, CUNY 

NEW COURSE PROPOSAL FORM
This form is used for all new course proposals. Attach this to the Curriculum Modification Proposal Form and submit as one package as per instructions.  Use one New Course Proposal Form for each new course.

	Course Title
	Advanced Quantum Mechanics

	Proposal Date
	1/10/2016

	Proposer’s Name 
	D. Krym

	Course Number
	PHYS 3400

	Course Credits, Hours
	3 credits, 3 lecture hours

	Course Pre / Co-Requisites
	PHYS 2443 or PHYS 2607 and MAT 2572

	Catalog Course Description
	Topics in this course include the wave function and its probabilistic interpretation, the uncertainty principle, the Schrodinger equation and its solutions, the Hydrogen atom, angular momentum and spin, identical particles, approximation techniques, and the theory of scattering.

	Brief Rationale
Provide a concise summary of why this course is important to the department, school or college.
	Quantum Mechanics is a standard part of a curriculum for a BS/BA in Physics. This course lays out the principles and tools needed to describe interactions on the scale of atoms and subatomic particles. This material is essential for understanding and continuing an education in physics, engineering, and biophysics, especially in the study of condensed matter including superconductivity, semi-conductors, microprocessing, quantum computing, photonics, lasers, and imaging technology, the study of quantum biology, and the study of high energy physics. The course is also essential for teaching applications of mathematical analysis, both analytic and computational, including tools from differential equations, linear algebra, functionals, and operator methods.

	Intent to Submit as Common Core
If this course is intended to fulfill one of the requirements in the common core, then indicate which area.
	This course will not be submitted to fulfill a common course requirement.

	Intent to Submit as An Interdisciplinary Course
	This course will not be submitted as an interdisciplinary course.

	Intent to Submit as a Writing Intensive Course
	This course will not be submitted as a writing intensive course.





Learning Outcomes and Assessments

Discipline specific

	Learning outcome
	Assessment

	Appreciate the probabilistic interpretation of the wave function
	Homework, exams

	Solve the Schrödinger equation for various scenarios
	Homework, exams

	Understand position, momentum, angular momentum and spin in a quantum mechanical setting
	Homework, exams

	Use perturbation theory for time-independent as well as time-dependent systems
	Homework, exams

	Apply various approximation techniques, such as the WKB and adiabatic approximations
	Homework, exams

	Perform scattering calculations using partial wave analysis
	Homework, exams

	Know how to use Mathematica for computations
	Homework, exams



General Education

	Learning outcomes
	Assessment

	Pursue disciplined, inquiry-based learning in the major.
	Homework, Exams

	Understand and employ both quantitative and qualitative analysis to describe and solve problems, both independently and cooperatively.
	Homework, Exams



Homework assignments and the final exam are based on the solution of problems similar to those listed as “Sample Problems” in the Example Weekly Course Outline. In order to pass the final exam a student should demonstrate the ability of solving at least 70% of the problems assigned in the test.

Example Weekly Course Outline:

	Week
	Topics
	Pages in textbook
	Sample Problems

	1
	The wave function
	p. 1-20
	1.3, 1.5, 1.7, 1.9, 1.15, 1.18

	2
	The time-independent Schrödinger equation, part 1
	p.24-58
	2.1,2.2,2.4,2.5,2.7,2.10, 2.11,2.12

	3
	The time-independent Schrödinger equation, part 2
	p.59-84
	2.22,2.23,2.26,2.27, 2.29,2.34,2.38

	4
	Formalism, First Exam
	p.93-123
	3.2,3.3,3.11,3.12,3.14, 3.17,3.31

	5
	Quantum mechanics in three dimensions, part 1
	p.131-159
	4.1,4.2,4.5,4.11,4.12,4.13,4.16,4.18


	6
	Quantum mechanics in three dimensions, part 2
	p. 160-186
	4.19, 4.22 , 4.27, 4.28, 4.29, 4.34, 4.38

	7
	Identical particles
	p. 201-229
	5.4,5.6,5.12,5.16, 5.17, 5.18, 5.20


	8
	Time-independent perturbation theory, part 1
	p. 249-266
	6.1, 6.2 , 6.4, 6.7, 6.8, 6.9,

	9
	Time-independent perturbation theory, part 2
	p. 266-285
	6.12, 6.14, 6.17, 6.18, 6.21

	10
	The variational principle, Second Exam
	p. 293-308
	7.1, 7.7, 7.8, 7.11, 7.13, 7.15, 7.16

	11
	The WKB approximation
	p. 315-333
	8.1, 8.3, 8.6, 8.7, 8.16, 8.17

	12
	Time-dependent perturbation theory
	p.340-362
	9.1,  9.2, 9.5, 9.8, 9.12, 9.18

	13
	The adiabatic approximation
	p.368-391
	10.3, 10.4, 10.5,10.10

	14
	Scattering
	p.394-418
	11.10,11.13,11.18,11.19,11.20

	15
	Review, Final Exam
	
	




Grading Policy and Procedure

Students will be evaluated through homework and exams. The final grade will be based on the
average of the grades from the homework assignments and exams as follows:

Homework 25%, First Exam 25%, Second Exam 25%, Final Exam 25%

Required and Recommended Instructional Materials

The required textbook is

INTRODUCTION TO QUANTUM MECHANICS, David Griffiths, 2nd Edition, 2004

Course Need Assessment

Target Students and Projected Head Counts: This course will be an elective upper level science course for BS in Applied Computational Physics students, and will be especially recommended for students who plan to pursue graduate studies upon graduation. We will offer the course at least once per year, and anticipate that each year, 30% of the students in year 3 and 4 of their bachelor’s degree studies will take the course.  Thus, during the third year of the BS in Applied Computational Physics program, we anticipate that there will be about 5-7 students taking the course. As the program grows, the class enrollment will grow.  We anticipate that there will be 8-10 or students from year 4.

Physical Resources: No additional physical resources are necessary. 

Overlap with Other Courses: This course is the natural follow-up of PHYS 2607, Introduction to Quantum Mechanics. Many concepts learned in other physics classes, including PHYS 1441 PHYS 1442, and PHYS 3100, are now studied from a different perspective using the unique mathematical and philosophical machinery of quantum mechanics. 

Full Time Faculty:  The department does currently have full time faculty capable of teaching this course.  All faculty members in the physics department have taken advanced quantum mechanics classes, and in particular, Dr Krym’s research is close to these topics, and Dr. Ossola has taught a graduate-level quantum mechanics class.


Course Design

PHYS 3400, Advanced Quantum Mechanics, is an elective upper level science course for students in the ACP major. It will consist of 3 hours of lecture per week. Students are expected to actively participate in the lectures, and will be evaluated through exams as well as homework.

Relationship to Programmatic Learning Outcomes
This course will help students reach several programmatic learning outcomes of the Applied Computational Physics major. In particular, through this course students will:

· Develop a concrete foundation in basic physics, including mechanics, electromagnetism, quantum mechanics and thermodynamics;
· Improve their ability to clearly communicate complex scientific ideas both verbally and in written form;
· Develop an awareness of the underlying assumptions and limitations of various approximation schemes and certain computational algorithms.




Chancellor’s Report Form
 Section AIV: New Courses

New courses to be offered in the Physics department
	Department(s)
	Physics

	Academic Level
	[X] Regular  [   ] Compensatory  [   ] Developmental  [   ] Remedial   

	Subject Area
	Physics

	Course Prefix
	PHYS

	Course Number
	3400

	Course Title
	Advanced Quantum Mechanics

	Catalog Description
	Topics in this course include the wave function and its probabilistic interpretation, the uncertainty principle, the Schrodinger equation and its solutions, the Hydrogen atom, angular momentum and spin, identical particles, approximation techniques, and the theory of scattering.

	Prerequisite
	PHYS 2443 or PHYS 2607 and MAT 2572

	Corequisite
	

	Pre- or corequisite
	

	Credits
	

	Contact Hours
	

	Liberal Arts
	[ X ] Yes  [   ] No  

	Course Attribute (e.g. Writing Intensive, etc)
	

	Course Applicability
	
	[ X ] Major
	

	[  ] Gen Ed Required
	[  ] Gen Ed - Flexible
	[  ] Gen Ed - College Option

	[  ] English Composition
	[  ] World Cultures
	[  ] Speech

	[  ] Mathematics
	[  ] US Experience in its Diversity
	[  ] Interdisciplinary

	[  ] Science
	[  ] Creative Expression
	  [ X ] Advanced Liberal Arts

	
	[  ] Individual and Society
	

	
	[  ] Scientific World
	


 

	Effective Term
	



Rationale: Quantum Mechanics is a standard part of a curriculum for a BS/BA in Physics. This course lays out the principles and tools needed to describe interactions on the scale of atoms and subatomic particles. 
This material is essential for understanding and continuing an education in physics, engineering, and biophysics, especially in the study of condensed matter including superconductivity, semi conductors, microprocessing, quantum computing, photonics, lasers, and imaging technology, the study of quantum biology, and the study of high energy physics. The course is also essential for teaching applications of mathematical analysis, both analytic and computational, including tools from differential equations, linear algebra, functionals, and operator methods.















E.5 PHYS 3500 Statistical Physics and Thermodynamics 

New York City College of Technology, CUNY 

NEW COURSE PROPOSAL FORM
This form is used for all new course proposals. Attach this to the Curriculum Modification Proposal Form and submit as one package as per instructions.  Use one New Course Proposal Form for each new course.

	Course Title
	Statistical Physics and Thermodynamics

	Proposal Date
	January 10, 2016

	Proposer’s Name 
	O. Berman

	Course Number
	PHYS 3500

	Course Credits, Hours
	3 class hours, 3 credits

	Course Pre / Co-Requisites
	MAT 2572 and PHYS2443 or PHYS2607

	Catalog Course Description
	This course is devoted to the study of systems made of a large number of particles, an area of thermal physics and statistical mechanics which governs transformations of heat into mechanical work, phase transitions, properties of gases and solids, and many other fundamental phenomena.

	Brief Rationale
Provide a concise summary of why this course is important to the department, school or college.
	Statistical physics is one of the cornerstones of modern physics. It provides a probabilistic interpretation of physical phenomena that couldn’t be explained by following each particle in a system, providing the link between microscopic and macroscopic physics. Statistical physics provide students with a more in depth understanding of thermodynamics, and teaches them how to isolate the important variables in complicated systems, a skill that is essential in both academia and industry. Additionally, statistical mechanics was the first foundational physical theory in which probabilistic concepts and probabilistic explanation played a fundamental role, and the probability theory used in this course has several cross-course and cross-discipline applications within the ACP major.

	Intent to Submit as Common Core
If this course is intended to fulfill one of the requirements in the common core, then indicate which area.
	This course will not be submitted to fulfill a common course requirement.


	Intent to Submit as An Interdisciplinary Course
	This course will not be submitted as an interdisciplinary course.


	Intent to Submit as a Writing Intensive Course
	This course will not be submitted as a writing intensive course.






Learning Outcomes and Assessments

Discipline specific

	Learning outcome
	Assessment

	Students will understand the most important physical quantities that characterize the bulk properties of (macroscopic) matter and the relationships between these quantities.
	Homework, Exams

	Understand the laws of thermodynamics and
how they regulate macroscopic physical processes, with special attention to energy, volume, and particle exchange between systems and to transformations of energy.
	Homework, Exams

	Students will develop tools for characterizing bulk matter at the macroscopic level.
	Homework, Exams

	Understand the relationship between the microscopic view (statistical mechanics) and the macroscopic view (thermodynamics) of matter.
	Homework, Exams



General Education

	Learning outcomes
	Assessment

	Pursue disciplined, inquiry-based learning in the major.
	Homework, Exams

	Understand and employ both quantitative and qualitative analysis to describe and solve problems, both independently and cooperatively.
	Homework, Exams



Homework and the final exam are based on the solution of problems similar to those listed as “Sample Assignments” in the Example Weekly Course Outline. In order to pass the final exam a student should demonstrate the ability of solving at least 70% of the problems assigned in the test.

Example Weekly Course Outline:

	Week
	Topics and Sample Assignments

	1
	Introduction, Review of basic thermodynamics (heat, work, and the First Law). Chapter 2 (p.p. 5-25) , Problems 2.1, 2.2, 2.8 on p.p. 26, 28

	2
	Introduction to key concepts and tools of statistical mechanics. Chapter 3 (p.p. 31-42), Problems 3.1, 3.4, 3.6 on p.p. 42, 43, 44 

	3
	Entropy, the Second Law, temperature, and the concept of equilibrium. Chapter 4 (p.p. 45-68). Problems 4.1, 4.1, 4. 11 on p.p. 68-71 

	4
	The thermodynamics and statistical mechanics of a constant-temperature system. Chapter 5 (p.p. 73-99), Problems 5.1, 5.2, 5.5  on p.p. 99-101

	5
	Extension of statistical mechanics to systems with continuous energy states. Chapter 6 (p.p. 107-134), Problems 6.1, 6.2, 6.9 on p.p. 134, 135.

	6
	Thermodynamics when the number of particles is not conserved. Midterm Exam. Chapter 7 (p.p.139-158), Problems 7.1, 7.2, 7.5 on p.p. 158,159.

	7
	Introduction to the three most common types of gases. Chapter 8 (p.p. 163-171), Problems 8.1, 8.2, 8.4 on p.p. 171-173.

	8
	Ideal classical gases. Chapter 9 (p.p. 175-196), Problems 9.1, 9.3, 9.9 on p.p. 196-199.

	9
	“Bose" gases in which particles are not conserved (the photon gas). Chapter 10 (p.p. 201-216), Problems 10.1, 10.4, 10.7 on p.p. 216, 217, 218. 

	10
	“Bose" gases in which particles are conserved (Bose-Einstein condensation). Chapter 11 (p.p. 221-228). Problems 11.1, 11.3, 11.5 on p.p. 228, 229. 

	11
	“Fermi” gas. Chapter 12 (p.p. 231-246). Problems 12.1, 12.2, 12.7 on p.p. 247, 248.

	12
	Electrons and holes in semiconductors. Chapter 13 (p.p. 251-269). Problems 13.1, 13.3, 13.4 on p.p. 269, 270. 

	13
	Amazing transformations of matter: phase transitions. Chapter 14 (p.p. 273-312). Problems 14.1, 14. 2, 14.3 on p.p. 312-313. 

	14
	Special topic. Superfluidity and superconductivity. (Research articles).

	15
	Review / Final Exam



Grading Policy and Procedure

Students will be evaluated though a midterm exam and a final exam. The final grade will be based on a weighted average of the grades from the midterm exam and the final exam as follows:
Midterm Exam 30%, Final Exam 70%

Required and Recommended Instructional Materials

For lecture, the required textbook is

Michael D. Sturge, Statistical and Thermal Physics


Course Need Assessment

Target Students and Projected Head Counts: This course will be an elective upper level science course for BS in Applied Computational Physics students. We will offer the course once per year, and anticipate that each year, 30% of the students in year 3 and 4 of their bachelor’s degree studies will take the course.  Thus, during the third year of the BS in Applied Computational Physics program, we anticipate that there will be about 5-7 students taking the course. As the program grows, the class enrollment will grow.  We anticipate that there will be approximately 8-10 students from year 4.

Physical Resources: No additional physical resources are necessary. 

Overlap with Other Courses: This course presents a more advanced version of many concepts learned in PHYS 1442, and uses mathematical and statistics concepts from MAT 2675. 

Full Time Faculty:  The department does currently have full time faculty capable of teaching this course. In particular, several full-time faculty members, including Dr. Berman, Dr. Grigorenko, Dr. Kezerashvili, Dr. Kolmakov, and Dr. Kulkarni, work at the forefront of statistical physics and condensed matter physics. 

Course Design

PHYS 3500, Statistical Physics and Thermodynamics is one of the advanced elective classes for the ACP major, and will be suggested in particular to students who are interested in continuing their academic career after graduation. It will consist of 3 hours of lecture per week. Students are expected to actively participate in the lectures.

Relationship to Programmatic Learning Outcomes
This course will help students reach several programmatic learning outcomes of the Applied Computational Physics major. In particular, through this course students will:

· Build a concrete foundation in basic physics, including mechanics, electromagnetism, quantum mechanics and thermodynamics;
· Develop an appreciation of how the scientific method is built upon testable hypotheses and experimental evidence;
· Improve their ability to model and simulate a large number of different types of physical systems and formulate predictions using semi-analytical and computational techniques and data analysis;
· Develop an awareness of the underlying assumptions and limitations of various approximation schemes and certain computational algorithms.


Chancellor’s Report Form
 Section AIV: New Courses

New courses to be offered in the Physics department
	Department(s)
	Physics

	Academic Level
	[X] Regular  [   ] Compensatory  [   ] Developmental  [   ] Remedial   

	Subject Area
	Physics

	Course Prefix
	PHYS

	Course Number
	3500

	Course Title
	Statistical Physics and Thermodynamics

	Catalog Description
	This course is devoted to the study of systems made of a large number of particles, an area of thermal physics and statistical mechanics, which governs transformations of heat into mechanical work, phase transitions, properties of gases and solids, and many other fundamental phenomena.

	Prerequisite
	PHYS 2443 or PHYS 2607 and MAT 2572

	Corequisite
	

	Pre- or corequisite
	

	Credits
	

	Contact Hours
	

	Liberal Arts
	[ X ] Yes  [   ] No  

	Course Attribute (e.g. Writing Intensive, etc)
	

	Course Applicability
	
	[ X ] Major
	

	[  ] Gen Ed Required
	[  ] Gen Ed - Flexible
	[  ] Gen Ed - College Option

	[  ] English Composition
	[  ] World Cultures
	[  ] Speech

	[  ] Mathematics
	[  ] US Experience in its Diversity
	[  ] Interdisciplinary

	[  ] Science
	[  ] Creative Expression
	  [ X ] Advanced Liberal Arts

	
	[  ] Individual and Society
	

	
	[  ] Scientific World
	


 

	Effective Term
	



Rationale: Statistical physics is one of the cornerstones of modern physics. It provides a probabilistic interpretation of physical phenomena that couldn’t be explained by following each particle in a system, providing the link between microscopic and macroscopic physics. Statistical physics provide students with a more in depth understanding of thermodynamics, and teaches them how to isolate the important variables in complicated systems, a skill that is essential in both academia and industry. Additionally, statistical mechanics was the first foundational physical theory in which probabilistic concepts and probabilistic explanation played a fundamental role, and the probability theory used in this course has several cross-course and cross-discipline applications within the ACP major.

























E.6 PHYS 3600 Machine Learning for Physics and Astronomy

New York City College of Technology, CUNY 

NEW COURSE PROPOSAL FORM
This form is used for all new course proposals. Attach this to the Curriculum Modification Proposal Form and submit as one package as per instructions.  Use one New Course Proposal Form for each new course.

	Course Title
	Machine Learning for Physics and Astronomy

	Proposal Date
	1/10/2016

	Proposer’s Name 
	V. Acquaviva, A. Satyanarayana

	Course Number
	PHYS 3600 

	Course Credits, Hours
	2 class hours + 2 laboratory hours, 3 credits

	Course Pre / Co-Requisites
	CST 1201 or equivalent, MAT1272 or MAT1372 or MAT 2572 or permission

	Catalog Course Description
	The course focuses on problem solving in Physics and Astronomy through statistical inference, machine learning algorithms and data mining techniques. Students will be presented with data sets and research problems in different areas of physics and will solve them using tools such as Bayesian statistics, Monte Carlo sampling, regression and classification algorithms, dimensionality reduction, and data cleaning. The programming assignments will be carried out in current, flexible languages, such as Python. 

	Brief Rationale
Provide a concise summary of why this course is important to the department, school or college.
	This course was developed specifically for the Applied Computational Physics major and aims to provide students with a modern, flexible toolset that can be used to answer open-ended research questions based on data. This is a fundamental skill required for both the academic or industry route. Students will become familiar with data sets and practical applications from different branches of physics, ranging from geophysics to particle physics, condensed matter physics and astrophysics. For their final project, student will select their own data set, formulate a research question, and select their own tools to answer it. Through this process, they will begin to think as researchers and learn what to do when “the answer is not in the back of the book”. 

	Intent to Submit as Common Core
If this course is intended to fulfill one of the requirements in the common core, then indicate which area.
	This course will not be submitted to fulfill a common course requirement.

	Intent to Submit as An Interdisciplinary Course
	This course will be submitted as an interdisciplinary course together with the CST department.

	Intent to Submit as a Writing Intensive Course
	This course will not be submitted as a writing intensive course.




Learning Outcomes and Assessments

Discipline specific

	Learning outcome
	Assessment

	Learn how to formulate and test hypotheses on data
	In-class quizzes, homework assignments

	Learn how to recognize classification/regression problems and diagnose bias and variance issues
	In-class quizzes, homework assignments

	Learn how to use supervised learning algorithms and compare their performance
	In-class quizzes, homework assignments

	Learn how to extract information from unstructured data, recognize patterns and mine information
	In-class quizzes, homework assignments

	Learn how to use the numpy, scipy, matplotlib, scikit in Python in order to analyze, visualize and mine data 
	In-class quizzes, homework assignments, final project



General Education

	Learning outcomes
	Assessment

	Understand and employ both quantitative and qualitative analysis to describe and solve problems, both independently and cooperatively.
	In-class quizzes, homework assignments, final project

	Employ scientific reasoning and logical thinking.
	In-class quizzes, homework assignments 

	Communicate in diverse settings and groups, using written (both reading and writing), oral (both speaking and listening), and visual means.
	Final project presentation



Example Weekly Course Outline with tools, sources, and department assignment 

	Week
	Topic or Challenge
	Data Set
	Tools introduced

	1
	Introduction; course overview
(Physics/CST)
	
	Basic Python commands and tutorials

	2
	Basic statistics and terminology recap
(Physics)
	
	Statistical Analysis 1 - Basic statistical concepts. Mean, standard deviation. Rank statistics and percentiles. Package: numpy

	3
	How much does the Universe weigh?
(Physics)
	WMAP/Planck
http://pla.esac.esa.int/pla/
+ tutorial
	Statistical Analysis 2 - Covariance, correlation, analysis of variance; Hypothesis testing. Package: Scipy

	4
	How many variables do you need to fit the Universe? And what are their values?
(Physics)
	WMAP/Planck

	Inference; Bayes theorem; maximum likelihood/Monte Carlo methods; goodness of fit and chi2 test

	5
	Telling a story: how to present data in an organic manner
(Physics)
	WMAP/Planck

	Data visualization; Types of charts, graphs and tables. Composite charts. Visualization of multidimensional data. Package: Matplotlib.

	6
	Introduction to machine learning terminology and concepts
(CST)
	
	Intro to machine learning; linear regression, gradient descent, cost function

	7
	Evaluating performance; Diagnostics;
Troubleshooting
(CST)
	A simplified version of the Higgs boson data set used in the 2014 Kaggle challenge:
https://higgsml.lal.in2p3.fr/
	Logistic regression, regularization, underfitting/
overfitting 
(bias and variance). 

	8
	Application Of Support Vector Machines To Global Prediction Of Nuclear Properties
http://arxiv.org/abs/nucl-th/0603037
(CST)
	Brookhaven National Nuclear Data Center (NNDC) 
http://www.nndc.bnl.gov/

	Classification problems and algorithms I (SVMs, using regression for classification) 
Package: Scikit-learn


	9
	Using Random Forests to Classify W+W- and ttbar Events 
http://arxiv.org/abs/1410.8058
(Physics)
	LHC data
	Classification problems and algorithms II (Decision Trees; Random Forests)

	10
	Decadal climate predictions using sequential learning algorithms
http://arxiv.org/abs/1509.05285
(Physics)
	NCEP reanalysis data
http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html
	Online learning 


	11
	Probing modifications of General Relativity using current cosmological observations
http://arxiv.org/abs/1003.0001
(Physics)
	Six combined public data sets described in the source paper.
	Unsupervised learning algorithms; Clustering; Dimensionality reduction (PCA)

	12
	Exploring the relationship between the Engineering and Physical Sciences and the Health and Life Sciences by advanced bibliometric methods
http://arxiv.org/abs/1407.0199
(Physics)
	Thomson Reuters’ Web of Science (WoS) database

	Text processing

	13
	Feature importance for machine learning redshifts applied to SDSS galaxies
http://arxiv.org/abs/1410.4696
(Physics)
	Sloan Digital Sky Survey data
	Data cleaning/ real world data: how to deal with formatting, outliers, variable selection

	14
	Big Data challenges
(CST)
	Google Speller
	Scaling data and solutions

	15
	Final project
(Physics/CST)
	
	Final project presentations




Grading Policy and Procedure

The course will be graded according to: in-class quizzes (20%), homework (3 sets, 15% each), and final project (35%).



Required and Recommended Instructional Materials

http://scikit-learn.org/stable/user_guide.html (open source) is required and can be downloaded as PDF or viewed online. 

Students will receive a list of data sets to be downloaded during the first week of classes.

Additional reading material (papers and tutorials) will be distributed on a week-by-week basis.

Recommended: 
Machine Learning in Python: Essential Techniques for Predictive Analysis, Michael Bowles, Wiley, 2015, ISBN 9781118961759.


Course Need Assessment

Target Students and Projected Head Counts: This course will be a required upper level science course for BS in Applied Computational Physics students, as well as an elective course for students in other departments.  We will offer the course at least once per year, and anticipate that each year, half of the students in year 3 and 4 of their bachelor’s degree studies will take the course.  Thus, during the third year of the BS in Applied Computational Physics program, we anticipate that there will be about 8 students taking the course, plus, possibly, other students from the CST department or other departments who are taking the class as an ID elective. As the program grows, the class enrollment will grow.  We anticipate that there will be 12 or more students from year 4.

Physical Resources: No additional physical resources are necessary, since the necessary computational resources are available through the Center for Theoretical Physics. 

Overlap with Other Courses: This course builds upon the computational skills developed in the introductory computer science classes, while at the same time setting the foundation for optimal time management in PHYS 4100 and PHYS 4150 (Computational Methods and Computational Methods Laboratory). From a mathematical standpoint, the course reinforces the theory of probability concepts learned in previous courses.

Full Time Faculty:  The department does currently have full time faculty capable of teaching this course.  In particular, Dr. Acquaviva is an expert in machine learning and data analysis using Python and has published multiple papers about applications of these techniques in Astronomy. She has collaborated and published with Dr. Satyanarayana in the CST department, who is an expert of Data Mining. He has already taught a Data Mining class and has published a paper on the topic of teaching data mining to undergraduates.

Course Design

PHYS 3600, Machine Learning for Physics and Astronomy, is a required course for the ACP major. It will consist of two hour of lecture per week, where the topics are introduced and the necessary theoretical concepts are communicated, and of two hours of computer-based hands-on activities. Both parts of the class (lecture and hands-on activities) will be hosted in the computer lab. Students will actively participate in the lectures since they will have to answer in-class quizzes, and will be required to complete several longer programming assignments, as well as to develop team-building and oral presentation skills for their final project. 

Relationship to Programmatic Learning Outcomes
This course will help students reach several programmatic learning outcomes of the Applied Computational Physics major. In particular, through this course students will:

· Improve their ability to clearly communicate complex scientific ideas both verbally and in written form; 
· Develop a readily-usable toolbox of mathematical and problem-solving skills, as well as computer programming abilities;
· Improve their ability to model and simulate a large number of different types of physical systems and formulate predictions using semi-analytical and computational techniques and data analysis;
· Develop an awareness of the underlying assumptions and limitations of various approximation schemes and certain computational algorithms;
· Improve their ability to identify and apply research ethics and unbiased assessment in gathering and reporting scientific data and in the analyses of results of modeling and simulations.

Chancellor’s Report Form
 
Section AIV: New Courses

New courses to be offered in the Physics department
	Department(s)
	Physics

	Academic Level
	[X] Regular  [   ] Compensatory  [   ] Developmental  [   ] Remedial   

	Subject Area
	Physics

	Course Prefix
	PHYS

	Course Number
	3600

	Course Title
	Machine Learning for Physics and Astronomy

	Catalog Description
	The course focuses on problem solving in Physics and Astronomy through statistical inference, machine learning algorithms and data mining techniques. Students will be presented with data sets and research problems in different areas of physics and will solve them using tools such as Bayesian statistics, Monte Carlo sampling, regression and classification algorithms, dimensionality reduction, and data cleaning. The programming assignments will be carried out in current, flexible languages, such as Python. 

	Prerequisite
	CST 1201 or equivalent, MAT 1272 or MAT1372 or MAT 2572 or permission


	Corequisite
	

	Pre- or corequisite
	

	Credits
	3

	Contact Hours
	2 class hours + 2 laboratory hours

	Liberal Arts
	[X] Yes  [   ] No  

	Course Attribute (e.g. Writing Intensive, etc)
	

	Course Applicability
	
	[X] Major
	

	[  ] Gen Ed Required
	[  ] Gen Ed - Flexible
	[  ] Gen Ed - College Option

	[  ] English Composition
	[  ] World Cultures
	[  ] Speech

	[  ] Mathematics
	[  ] US Experience in its Diversity
	[X] Interdisciplinary

	[  ] Science
	[  ] Creative Expression
	  [  ] Advanced Liberal Arts

	
	[  ] Individual and Society
	

	
	[  ] Scientific World
	


 

	Effective Term
	



Rationale: This course was developed specifically for the Applied Computational Physics major and aims to provide students with a modern, flexible toolset that can be used to answer open-ended research questions based on data. This is a fundamental skill required for both the academic or industry route. Students will become familiar with data sets and practical applications from different branches of physics, ranging from geophysics to particle physics, condensed matter physics and astrophysics. For their final project, student will select their own data set, formulate a research question, and select their own tools to answer it. Through this process, they will begin to think as researchers and learn what to do when “the answer is not in the back of the book”. 





















E.7 PHYS 4100 Computational Methods

New York City College of Technology, CUNY 

NEW COURSE PROPOSAL FORM
This form is used for all new course proposals. Attach this to the Curriculum Modification Proposal Form and submit as one package as per instructions.  Use one New Course Proposal Form for each new course.

	Course Title
	Computational Methods

	Proposal Date
	1/10/2016

	Proposer’s Name 
	G. Kolmakov 

	Course Number
	PHYS 4100

	Course Credits, Hours
	4 credits, 4 class hours

	Course Pre / Co-Requisites
	PHYS2443, CST1201

	Catalog Course Description
	This course provides a basic understanding of computer modeling in physics. Topics include basics of python programming language; scientific plotting; numerical evaluation of integrals; numerical solution of ordinary and partial differential equations; visual programming; basics of high performance and parallel computing; basics of graphics processing unit programming.

	Brief Rationale
Provide a concise summary of why this course is important to the department, school or college.
	This is an upper level physics course devoted to the understanding of a computational approach to laws of physics and of their application for understanding of basic phenomena around us. Aside from providing students with the opportunity of applying and testing their computational skills, this course provides a description of the most important numerical techniques used in modern physics and engineering.

	Intent to Submit as Common Core
If this course is intended to fulfill one of the requirements in the common core, then indicate which area.
	This course will not be submitted to fulfill a common course requirement.

	Intent to Submit as An Interdisciplinary Course
	This course will not be submitted as an interdisciplinary course.

	Intent to Submit as a Writing Intensive Course
	This course will not be submitted as a writing intensive course.




Learning Outcomes and Assessments

Discipline specific

	Learning outcome
	Assessment

	Students will understand the application of Matlab programming language to physics modeling
	homework, exams 


	Understand basic methods of numerical evaluation of integrals and of numerical solution of ordinary and partial differential equations
	homework, exams

	Understand the modeling of ideal systems and systems with interaction in general physics, condensed matter physics and hydrodynamics
	homework, exams 


	Understand the methods of visualization of the simulation results
	homework, exams

	Understand high-performance computing and graphics processing unit programming
	homework, exams



General Education

	Learning outcomes
	Assessment

	Upon completion of the course students should be able to apply the advanced mathematical and numerical techniques learned in the course to real-life applications.
	Class participation, homework assignments, final exam

	Apply scientific investigation and inquiry to understand real-world events.
	Class participation, homework assignments



Homework assignments and the final exam are based on the solution of problems similar to those listed as “Sample Problems” in the Example Weekly Course Outline. In order to pass the final exam a student should demonstrate the ability of solving at least 70% of the problems assigned in the test.

Example Weekly Course Outline:

	Week
	Topics
	Chapter
	Sample Problems

	1
	Introduction and overview
	1
	1.1, 1.3, 1.6

	2
	Euler method, one-dimensional projectile and oscillatory motion
	2, 3
	2.6, 2.8, 3.3

	3
	Euler method, two-dimensional oscillatory motion and chaos
	3
	3.7, 3.9, 3.15

	4
	Runge-Kutta method, Solar system modeling
	4, Appen-dix A
	4.1, 4.6, 4.12

	5
	Ideal gas dynamics, First Exam
	9
	9.2, 9.10

	6
	Gas with pairwise interactions, melting
	9
	9.11, 9.12, 9.15

	7
	Laplace equation; potentials and fields
	5
	5.8, 5.11, 5.14

	8
	Wave propagation
	6
	6.1, 6.4, 6.16

	9
	Time-dependent Schrödinger equation
	10
	10.1, 10.2, 10.14

	10
	Diffusion and random walk, Second Exam
	7
	7.2, 7.6, 7.12

	11
	Monte-Carlo method, Ising model
	8
	8.3, 8.4, 8.8

	12
	1st order phase transitions, parallel computations
	8
	8.11, 8.13, 8.15

	13
	Root finding and optimization
	Appendix B
	B.1, B.2, B.3

	14
	Numerical integration
	Appendix E
	E.2, E.3, E.6

	15
	Review, Final Exam
	
	



Grading Policy and Procedure

Scope of assignments and other course requirements: Students will prepare homework assignments regularly. There will be two exams and a final exam.

Method of grading: Students will be evaluated though homework and exams. The final grade will be based on a weighted average of the grades from the exams and homework as follows: Two Exams 50%, Final Exam 25%, Homework 25%

Required and Recommended Instructional Materials

For lecture, the required textbook is: 
COMPUTATIONAL PHYSICS, N. J. Giordano, Prentice Hall, 2005

College academic integrity policy

Students and all others who work with information, ideas, texts, images, music, inventions, and other intellectual property owe their audience and sources accuracy and honesty in using, crediting, and citing sources. As a community of intellectual and professional workers, the College recognizes its responsibility for providing instruction in information literacy and academic integrity, offering models of good practice, and responding vigilantly and appropriately to infractions of academic integrity. Accordingly, academic dishonesty is prohibited in The City University of New York and at New York City College of Technology and is punishable by penalties, including failing grades, suspension, and expulsion.

College Policy on Absence/Lateness

A student may be absent without penalty for 10% of the number of scheduled class meetings during the semester as follows:

	Class Meets 
	Allowable Absences

	1 time/week 
	2 classes

	2 times/week 
	3 classes

	3 times/week 
	4 classes



Technology statement:
Before entering the course, students should be familiar with the use of a scientific calculator, MS Word (equation editor, tables and inserting figures) and MS Excel (spreadsheet calculations and graphing). During the course students will develop understanding of python programming language and scientific high-performance computing. 

Course Need Assessment

Target Students and Projected Head Counts: This course will be a required upper level science course for BS in Applied Computational Physics students, and it was designed specifically for the program. We will offer the course at least once per year, and anticipate that each year, students in the year 4 of their bachelor’s degree studies will take the course. Thus, during the fourth year of the BS in Applied Computational Physics program, we anticipate that there will be about 7-8 students taking the course. As the program grows, the class enrollment will grow.  

Physical Resources: No additional physical resources are necessary, since the necessary computational resources are available through the Center for Theoretical Physics.  

Overlap with Other Courses: This course represents the culmination of the program of studies in Applied Computational Physics, in which students will be exposed to advanced computational applications, which will require the understanding of the physical description of Nature and the mathematical and computational skills provided by the previous courses in the program. While a minimal overlap is possible with previous courses, in particular PHYS 3300 and PHYS 3400, as well as with some of the MAT and CST electives, skills and competencies will be reinforced in this course.

Full Time Faculty:  The department does currently have full-time faculty capable of teaching this course. Prof. Kolmakov and Prof. Grigorenko are both experts in numerical and computational techniques. Other faculty members who would be able to teach this advanced class include Prof. Acquaviva, Prof. Ferroglia, Prof. Kulkarni, Prof. Maller and Prof. Ossola.

Course Design

PHYS 4100, Computational Methods, is a required course for the ACP major, and was specifically designed for it. It presents the students with the challenge of advanced numerical and computational techniques, widely used both in industry and research, such as numerical solution of partial differential equations, Monte-Carlo methods, basics of high performance and parallel computing to name a few. It will consist of 4 hours of lecture per week, with a strongly applied focus. Students are expected to actively participate in the lectures and will be assigned homework in the form of computational applications to develop and present in class. They will be evaluated through exams as well as practical homework. The topics learned in this course will find a broader set of practical applications in the subsequent course PHYS 4150 (Computational Methods Laboratory). 

Relationship to Programmatic Learning Outcomes
This course will help students reach several programmatic learning outcomes of the Applied Computational Physics major. In particular, through this course students will:
· A readily-usable toolbox of mathematical and problem-solving skills, as well as computer programming abilities
· The ability to model and simulate a large number of different types of physical systems and formulate predictions using semi-analytical and computational techniques and data analysis
· An awareness of the underlying assumptions and limitations of various approximation schemes and certain computational algorithms
· The ability to identify and apply research ethics and unbiased assessment in gathering and reporting scientific data and in the analyses of results of modeling and simulations

Chancellor’s Report Form 
Section AIV: New Courses

New courses to be offered in the Physics department
	Department(s)
	Physics

	Academic Level
	[X] Regular  [   ] Compensatory  [   ] Developmental  [   ] Remedial   

	Subject Area
	Physics

	Course Prefix
	PHYS

	Course Number
	4100

	Course Title
	Computational Methods

	Catalog Description
	This course provides a basic understanding of computer modeling in physics. Topics include basics of python programming language; scientific plotting; numerical evaluation of integrals; numerical solution of ordinary and partial differential equations; visual programming; basics of high performance and parallel computing; basics of graphics processing unit programming.

	Prerequisite
	PHYS2443, CST1201

	Corequisite
	

	Pre- or corequisite
	

	Credits
	4

	Contact Hours
	4

	Liberal Arts
	[X] Yes  [   ] No  

	Course Attribute (e.g. Writing Intensive, etc)
	

	Course Applicability
	
	[X] Major
	

	[  ] Gen Ed Required
	[  ] Gen Ed - Flexible
	[  ] Gen Ed - College Option

	[  ] English Composition
	[  ] World Cultures
	[  ] Speech

	[  ] Mathematics
	[  ] US Experience in its Diversity
	[ ] Interdisciplinary

	[  ] Science
	[  ] Creative Expression
	  [X] Advanced Liberal Arts

	
	[  ] Individual and Society
	

	
	[  ] Scientific World
	


 

	Effective Term
	



Rationale: This is an upper level physics course devoted to the understanding of a computational approach to laws of physics and of their application for understanding of basic phenomena around us. Aside from providing students with the opportunity of applying and testing their computational skills, this course provides a description of the most important numerical techniques used in modern physics and engineering.

E.8 PHYS 4150 Computational Methods Laboratory

New York City College of Technology, CUNY 

NEW COURSE PROPOSAL FORM
This form is used for all new course proposals. Attach this to the Curriculum Modification Proposal Form and submit as one package as per instructions.  Use one New Course Proposal Form for each new course.

	Course Title
	Computational Methods Laboratory

	Proposal Date
	1/10/2016

	Proposer’s Name 
	G. Kolmakov 

	Course Number
	PHYS 4150

	Course Credits, Hours
	2 credits, 4 laboratory hours

	Course Co-Requisites
	PHYS 4100

	Catalog Course Description
	This course provides practical training in computer modeling in physics. Topics include basics of python programming language; scientific plotting; numerical evaluation of integrals; numerical solution of ordinary and partial differential equations; visual programming; basics of high performance and parallel computing; basics of graphics processing unit programming.

	Brief Rationale
Provide a concise summary of why this course is important to the department, school or college.
	This course provides practical training in high-performance computational physics. Aside from providing students with the opportunity of applying and testing their computational skills, this course provides a description of the most important numerical techniques used in modern physics and engineering. By using examples from physics and astronomy, students will learn how to apply a general theory to practical simulations of basic phenomena around us. 

	Intent to Submit as Common Core
If this course is intended to fulfill one of the requirements in the common core, then indicate which area.
	This course will not be submitted to fulfill a common course requirement.

	Intent to Submit as An Interdisciplinary Course
	This course will not be submitted as an interdisciplinary course.

	Intent to Submit as a Writing Intensive Course
	This course will not be submitted as a writing intensive course.







Learning Outcomes and Assessments

Discipline specific

	Learning outcome
	Assessment

	Students will be trained in the application of Matlab programming language to physics modeling
	in-class lab assignments, laboratory reports, final project 

	Training in basic methods of numerical evaluation of integrals and of numerical solution of ordinary and partial differential equations
	in-class lab assignments, laboratory reports, final project

	Training in the modeling of ideal systems and systems with interaction in general physics, condensed matter physics and hydrodynamics
	in-class lab assignments, laboratory reports, final project 

	Training in application of the visualization methods
	in-class lab assignments, laboratory reports, final project

	Training in high-performance computing and graphics processing unit programming
	in-class lab assignments, laboratory reports, final project



General Education

	Learning outcomes
	Assessment

	Upon completion of the course students should be able to apply the advanced mathematical and numerical techniques learned in the course to real-life applications.
	in-class lab assignments, laboratory reports, final project

	Apply scientific investigation and inquiry to understand real-world events.
	in-class lab assignments, laboratory reports, final presentation



Assignments are based on the solution of problems similar to those listed as “Sample Problems” in the Example Weekly Course Outline.

Example Weekly Course Outline:

	Week
	Topics
	Chapter
	Problems

	1
	Introduction and overview
	1
	1.4

	2-4
	Non-ideal gas in gravity field
	9
	9.3

	5-7
	Diffusion and heat transfer 
	7
	7.4

	8-10
	Dynamics of quantum systems, Schrödinger equation 
	10
	10.3

	11-14
	Spin dynamics and phase transition, Monte Carlo method 
	8
	8.5

	15
	Final project presentation
	N/A
	N/A



Grading Policy and Procedure

Scope of assignments and other course requirements: Students will prepare in-class lab assignments. There will be weekly lab report evaluations and the final project presentation.

Method of grading: Students will be evaluated though lab reports and the final project presentation. The final grade will be based on a weighted average of the grades from the two components as follows: Lab reports 80%, Final project presentation 20%

Required and Recommended Instructional Materials

The required textbook is: 
COMPUTATIONAL PHYSICS, N. J. Giordano, Prentice Hall, 2005

College academic integrity policy

Students and all others who work with information, ideas, texts, images, music, inventions, and other intellectual property owe their audience and sources accuracy and honesty in using, crediting, and citing sources. As a community of intellectual and professional workers, the College recognizes its responsibility for providing instruction in information literacy and academic integrity, offering models of good practice, and responding vigilantly and appropriately to infractions of academic integrity. Accordingly, academic dishonesty is prohibited in The City University of New York and at New York City College of Technology and is punishable by penalties, including failing grades, suspension, and expulsion.

College Policy on Absence/Lateness

A student may be absent without penalty for 10% of the number of scheduled class meetings during the semester as follows:

	Class Meets 
	Allowable Absences

	1 time/week 
	2 classes

	2 times/week 
	3 classes

	3 times/week 
	4 classes



Technology statement:
Before entering the course, students should be familiar with the use of a scientific calculator, MS Word (equation editor, tables and inserting figures) and MS Excel (spreadsheet calculations and graphing). During the course students will develop understanding of python programming language and scientific high-performance computing.


Course Need Assessment

Target Students and Projected Head Counts: This course will be a required upper level science course for BS in Applied Computational Physics students, and it was designed specifically for the program. We will offer the course at least once per year, and anticipate that each year, students in the year 4 of their bachelor’s degree studies will take the course, normally in the last semester of their studies in the program. Thus, during the fourth year of the BS in Applied Computational Physics program, we anticipate that there will be about 7-8 students taking the course. As the program grows, the class enrollment will grow.  

Physical Resources: No additional physical resources are necessary, since the necessary computational resources are available through the Center for Theoretical Physics.  

Overlap with Other Courses: Together with PHYS4100, which is a pre-requisite for this advanced laboratory, this course represents the culmination of the program of studies in Applied Computational Physics, in which students will be exposed to advanced computational applications, which will require the understanding of the physical description of Nature and the mathematical and computational skills provided by the previous courses in the program. A minimal overlap is possible with previous courses,  in particular PHYS 3300 and PHYS 3400, as well as with some of the MAT and CST electives. PHYS 4150 is designed to overlap with PHYS 4100 concerning the list of topics: the laboratory will indeed provide reinforcement and extensive applications on the important numerical and computational techniques introduced, studied, and applied to small-sized project in the previous course.

Full Time Faculty:  The department does currently have full-time faculty capable of teaching this course. Prof. Kolmakov and Prof. Grigorenko are both experts in numerical and computational techniques. Other faculty members who would be able to teach this advanced class include Prof. Acquaviva, Prof. Ferroglia, Prof. Kulkarni, Prof. Maller and Prof. Ossola.

Course Design

PHYS 4150, Computational Methods Laboratory, is a required course for the ACP major, and was specifically designed for it. In particular, PHYS 4150 is designed to provide reinforcement and extensive applications on the important numerical and computational techniques introduced in the connected course PHYS 4100. It will consist of four hours of computational laboratory, in which students will focus on complex and lengthy applications of the various computational techniques. Students are expected to actively participate in the lectures and will be assigned a few advanced problems to solve during the semester. They will be evaluated through the laboratory reports and the project that they will perform. 

Relationship to Programmatic Learning Outcomes
This course will help students reach several programmatic learning outcomes of the Applied Computational Physics major. In particular, through this course students will:
· A readily-usable toolbox of mathematical and problem-solving skills, as well as computer programming abilities
· The ability to model and simulate a large number of different types of physical systems and formulate predictions using semi-analytical and computational techniques and data analysis
· An awareness of the underlying assumptions and limitations of various approximation schemes and certain computational algorithms
· The ability to identify and apply research ethics and unbiased assessment in gathering and reporting scientific data and in the analyses of results of modeling and simulations


Chancellor’s Report Form 
Section AIV: New Courses


New courses to be offered in the Physics department
	Department(s)
	Physics

	Academic Level
	[X] Regular  [   ] Compensatory  [   ] Developmental  [   ] Remedial   

	Subject Area
	Physics

	Course Prefix
	PHYS

	Course Number
	4150

	Course Title
	Computational Methods Laboratory

	Catalog Description
	This course provides practical training in computer modeling in physics. Topics include basics of python programming language; scientific plotting; numerical evaluation of integrals; numerical solution of ordinary and partial differential equations; visual programming; basics of high performance and parallel computing; basics of graphics processing unit programming.

	Prerequisite
	

	Corequisite
	

	Pre- or corequisite
	PHYS 4100

	Credits
	2

	Contact Hours
	4

	Liberal Arts
	[X] Yes  [   ] No  

	Course Attribute (e.g. Writing Intensive, etc)
	

	Course Applicability
	
	[X] Major
	

	[  ] Gen Ed Required
	[  ] Gen Ed - Flexible
	[  ] Gen Ed - College Option

	[  ] English Composition
	[  ] World Cultures
	[  ] Speech

	[  ] Mathematics
	[  ] US Experience in its Diversity
	[ ] Interdisciplinary

	[  ] Science
	[  ] Creative Expression
	  [X] Advanced Liberal Arts

	
	[  ] Individual and Society
	

	
	[  ] Scientific World
	


 

	Effective Term
	



Rationale: This course provides practical training in high-performance computational physics. Aside from providing students with the opportunity of applying and testing their computational skills, this course provides a description of the most important numerical techniques used in modern physics and engineering. By using examples from physics and astronomy, students will learn how to apply a general theory to practical simulations of basic phenomena around us.


E.9 PHYS 4200 Internship/Real Research Experience

New York City College of Technology, CUNY 
NEW COURSE PROPOSAL FORM
This form is used for all new course proposals. Attach this to the Curriculum Modification Proposal Form and submit as one package as per instructions.  Use one New Course Proposal Form for each new course.

	Course Title
	Internship/ Real Research Experience

	Proposal Date
	01/12/16

	Proposer’s Name 
	Viviana Acquaviva/Giovanni Ossola

	Course Number
	PHYS 4200

	Course Credits, Hours
	4 credits, 160 hours total 

	Course Pre / Co-Requisites
	Departmental approval

	Catalog Course Description
	This internship/research course provides students with hands-on experience in an applied setting. Student will be able to apply the skills acquired in the academic courses in a real professional environment. For students who wish to apply for graduate programs, the internship can be replaced with a real research experience within a research group selected by the student and a career mentor within the department.

	Brief Rationale
Provide a concise summary of why this course is important to the department, school or college.
	Through this internship/research course, students will demonstrate and apply the knowledge, skills, and values gained via the undergraduate courses. Students will have the opportunity to further develop specific skills, such as research, writing, technical and presentation skills.  A final report and presentation will reinforce general education skills. Students will have the opportunity to gain real-world experience in academic or professional settings.  These may include but are not limited to research work in an academic research group and internships at companies or at national laboratories. This practical experience will be advantageous to students and create graduates who are well prepared to enter the workforce and competitive to enter graduate programs.  

	Intent to Submit as Common Core
If this course is intended to fulfill one of the requirements in the common core, then indicate which area.
	This course will not be submitted to fulfill a common core requirement.

	Intent to Submit as An Interdisciplinary Course
	This course will not be submitted as an interdisciplinary course.

	Intent to Submit as a Writing Intensive Course
	This course will be submitted as a writing intensive course.




Course Title: Internship/ Real Research Experience (PHYS 4200)

Hours: 160 hours total (counted as 10 hours/week for 16 weeks). Different arrangements of the hours can be selected in agreement with the company/research group in which the experience takes place. For example, a summer internship could be based on 20 hours/week for 8 weeks. 

Credits: 4 credits

Prerequisites: Departmental approval
 
Course Description: This internship/research course provides students with hands-on experience in an applied setting. Student will be able to apply the skills acquired in the academic courses in a real professional environment. For students who wish to apply for graduate programs, the internship can be replaced with a real research experience within a research group selected by the student and a career mentor within the department.

Upon successful completion of the internships students should be able to:

1. Communicate (oral, written and presentation) the data, concepts and skills gained through the internship.
2. Show how the skills gained in the coursework have been applied to the particular internship experience.
3. Work effectively, independently and cooperatively.
4. Pursue specific career goals that make use of the baccalaureate degree.

Specific Learning Outcomes and Assessments

	INSTRUCTIONAL OUTCOMES
For successful completion of the course, students should be able to:
	ASSESSMENT
Evaluation methods and criteria

	Evaluate the scientific literature and to use it in their internship/research
	Students will rely upon this skill in authoring their internship/research notebook and final report.

	Effectively communicate scientific research, both their own and information from the research literature
	In this internship/research course both written and oral presentations are required.

	Perform	experiments	using conventional	laboratory	equipment, instrumentation,	and	techniques.
	Internship/Research plan and Supervision evaluation 

	Demonstrate the safe and ethical use of scientific knowledge, materials and procedures, and be able to explain their impact on a diverse society

	Internship/Research plan and Supervision evaluation

	Other internship/research instructional outcomes can be developed by student and supervisor with approval of the department, to provide appropriate learning experiences.


Course Outline: 

The specific topics will be determined according to the particular internship/research experience. All projects will follow these milestones:

· The student is responsible for drafting a detailed Internship/Research Plan (3-5 pages) to be submitted to the program director within two weeks from the beginning of the course. Upon departmental permission, the student will receive prompt feedback on the Internship/Research plan, which will be finalized by the end of week 3. The final plan will count as the first assignment in the course.

· After week 3, the student is required to keep a weekly journal with a progress report. This should include, at a minimum, a summary of the progress achieved in the past week, a report of any challenges encountered and the steps taken to overcome them, and a goal for the following week. The journal will be shared in meetings with the mentor or supervisor.

· By the end of week 8, the student is required to compile a mid-term progress report (2-3 pages), and a plan for the final project (2-3 pages). This material will be shared with the program director, and the student will receive feedback with one week. The mid-term report and final plan will collectively count as the second assignment in the course.

· The student will be required to submit a final report of the project (minimum 5 pages), in tandem with an oral presentation. The program director will be responsible for grading the final report. The final report should include an introduction that describes the internship/research goal or question, a description of the work/research plan and procedures with results, and a conclusion addressing the role of the student in the internship and the skills that were used or acquired in the process. 

Rationale as Writing Intensive Course:

As described in the “Course Outline”, a large portion of the required activities for this course will involve intensive writing. In particular, according to the timeline above, students will be required to prepare and submit a Internship/Research Plan at the beginning of the course, to keep a weekly journal with a progress report, to compile a mid-term progress report, and finally to submit a final report of the project, which will be accompanied by an oral presentation.

All these activities require technical writing and the adoption of different styles. 
The initial plan should be detailed and precise, and contain references to the current status of the field in which the internship (or research experience) will take place. Physical and electronic resources available at the library will be extremely useful to help students to prepare for this task.
The weekly journal will have the purpose of recording the important events during the development of the project, and requires a very different style. Students will focus on selecting and collecting the relevant information as the project unfolds, and reflect on the progress and drawbacks of their activities in order to improve their performance in the continuation of the internship. 
Mid-term and final projects will be instead more official documents, which will aim at a succinct but professional description of their work during the internship and at highlighting, in a critical manner, what were the main benefits of the experience, both for the students and the potential employers (or mentors). While the mid-term report will focus on more practical aspects and require synthesis and focus, the final report will allow students to expand their writing beyond a list of skills acquired and achievements fulfilled, for example by reflecting on their experiences during the internship and critically discussing which were the positive and negative aspects, or on how they could have approached differently the challenges that they were presented with. An important component of the final report will be the oral presentation, in which a professional presentation prepared by the students will be followed by questions from the faculty mentors.

Grading Policy and Procedure

The activities comprising the internship/research experience grade will be:

	Internship/Research Plan: 15%
Mid-term report 10%
Supervisor Evaluation (including journal): 40%
	Final Report: 15%
Oral Presentation: 20%

Required and Recommended Instructional Materials
The necessary instructional material will be determined in collaboration with the supervisor of the internship/research activity.

Course Needs Assessment
Target Students and Projected Head Counts:  The Internship/ Real Research Experience (PHYS 4200) will provide 4 credits towards the completion of the BS in Applied Computational Physics. The course is intended as a final practical experience to apply the skills developed through the coursework, so ideally it will take place soon before graduation.  
Through this course, students will have the opportunity to gain real-world experience in academic or professional settings.  These may include but are not limited to internships in financial or technological companies, research in a CUNY or non-CUNY research group, and summer internships at research or governmental laboratories.  This practical experience will be advantageous to students and create graduate who are well prepared to enter the workforce or those who aim for graduate degrees.  Based on the expected graduation rate, the total number of students taking PHYS 4200 every year is estimated to range between 5 and 10 students. While part of the students might take the course already in the Fall semester of their last year, we expect most students to fulfill this important requirement over the Spring or Summer of their last year in the program.

Physical Resources: No other physical resources are needed.  

Overlap with Other Courses: Through this internship/research course, students will demonstrate and apply the knowledge, skills, and values gained through the undergraduate courses.  While we did not set specific pre-requisites, the departmental approval will be based on the value of the internship as a leaning opportunity and the preparation of the student for it. For this reason, we will advise students to take all five ACP-specific courses before engaging in the internship course. 

Full Time Faculty:  This course will not require a formal instructor from the Physics department. While opportunities to perform real research e, which involves advanced computational skills, are available within the department, we will also encourage student to seek opportunities outside City Tech for this requirement.

Course Design

The Internship/ Real Research Experience (PHYS 4200) will be a required upper level course for the BS in Applied Computational Physics. The course will be offered as an internship/research opportunity in financial or technological companies, a research group in any major university in the New York area, and/or summer internships at research or governmental laboratories. This practical experience will be advantageous to students and create graduates who are well prepared to enter the workforce and competitive to enter graduate program.

Relationship to Programmatic Learning Outcomes: This course will help students reach several programmatic learning outcomes of the Applied Computational Physics major. In particular, through this course students will:

· Improve their ability to clearly communicate complex scientific ideas both verbally and in written form; 
· Improve their ability to identify and apply research ethics and unbiased assessment in gathering and reporting scientific data and in the analyses of results of modeling and simulations;
· Develop an awareness of the ethical, societal, legal and other personal aspects of being a professional.


Chancellor’s Report Form 

Section AIV: New Courses

New courses to be offered in the Physics department
	Department(s)
	Physics

	Academic Level
	[X] Regular  [   ] Compensatory  [   ] Developmental  [   ] Remedial   

	Subject Area
	Physics

	Course Prefix
	PHYS

	Course Number
	4200

	Course Title
	Internship/Real Research Experience

	Catalog Description
	This internship/research course provides students with hands-on experience in an applied setting. Student will be able to apply the skills acquired in the academic courses in a real professional environment. For students who wish to apply for graduate programs, the internship can be replaced with a real research experience within a research group selected by the student and a career mentor within the department.

	Prerequisite
	Departmental approval

	Corequisite
	

	Pre- or corequisite
	

	Credits
	4

	Contact Hours
	160 total hours

	Liberal Arts
	[  ] Yes  [ X ] No  

	Course Attribute (e.g. Writing Intensive, etc)
	Writing Intensive

	Course Applicability
	
	[ X ] Major
	

	[  ] Gen Ed Required
	[  ] Gen Ed - Flexible
	[  ] Gen Ed - College Option

	[  ] English Composition
	[  ] World Cultures
	[  ] Speech

	[  ] Mathematics
	[  ] US Experience in its Diversity
	[  ] Interdisciplinary

	[  ] Science
	[  ] Creative Expression
	  [  ] Advanced Liberal Arts

	
	[  ] Individual and Society
	

	
	[  ] Scientific World
	


 

	Effective Term
	



Rationale:  Through this internship/research course, students will demonstrate and apply the knowledge, skills, and values gained via the undergraduate courses. Students will have the opportunity to further develop specific skills, such as research, writing, technical, and presentation skills.  A final report and presentation will reinforce general education skills. Students will have the opportunity to gain real-world experience in academic or professional settings.  These may include but are not limited to research work in an academic research group and internships at companies or at national laboratories. This practical experience will be advantageous to students and create graduates who are well prepared to enter the workforce and competitive to enter graduate programs. 
















APPENDIX F – Minor Changes to Existing Courses

New York City College of Technology, CUNY 
CURRICULUM MODIFICATION PROPOSAL FORM
This form is used for all curriculum modification proposals. See the Proposal Classification Chart for information about what types of modifications are major or minor.  Completed proposals should be emailed to the Curriculum Committee chair.

	Title of Proposal
	WI designation for PHYS 2443

	Date
	02/18/16

	Major or Minor
	Minor

	Proposer’s Name
	V. Acquaviva/G. Ossola

	Department
	Physics

	Date of Departmental Meeting in which proposal was approved
	

This minor curriculum modification proposal is submitted as part of the Applied Computational Physics Proposal, and signatures have been collected once for all at the beginning of the document.
 

	Department Chair Name
	

	Department Chair Signature and Date
	

	Academic Dean Name
	

	Academic Dean Signature and Date
	

	Brief Description of Proposal
(Describe the modifications contained within this proposal in a succinct summary.  More detailed content will be provided in the proposal body.
	This is a proposal to add the Writing Intensive (WI) designation to PHYS2443: Modern Physics.



	Brief Rationale for Proposal
(Provide a concise summary of why this proposed change is important to the department.  More detailed content will be provided in the proposal body).  
	The structure of PHYS 2443 is well suited to a writing intensive course. Considering lab reports, the written plan for the final project, and the final report, students are required to complete about 120 pages of writing assignments, on which they receive weekly feedback. About 35% of the grade is determined by written assignments.

	Proposal History
(Please provide history of this proposal:  is this a resubmission? An updated version?  This may most easily be expressed as a list).
	This is the first submission of the proposal.



Rationale for the proposed Curriculum Change (Writing Intensive Course)

Our Modern Physics course has been specifically designed to provide our students with an overview of the recent progress in physics a single semester. Much thought has gone into finding the optimal way to present this material, much of which is normally reserved for graduate students, in such a way that it can be understood with the knowledge garnered from only two semesters of physics. We removed some of the advanced mathematical details, which students will develop later on in the curriculum, and replaced it with excitement about the cultural and philosophical novelty of new revolutionary ideas that pervade the physics of the last century.

Because of its structure, the course naturally requires students to develop and use technical writing and effective speaking skills. In particular, during the course of the semester, students hand in approximately 120 pages of technical writing in the form of laboratory reports that include detailed sections on objectives, background material, analysis and interpretation, and conclusions. This provides them with a tremendous amount of practice, and week-by-week instructor feedback, on their technical writing skills. It also involves them performing measurements and data analysis with a computer interfaced with detectors, and then using Excel and Microsoft Word to write the reports. 

Students further practice their writing skills in preparing a 8-12 pages report for the final project in the class. The first draft of the report is graded by the instructor and returned to the students approximately a month before the end of the course, when the final version is due. During the preparation of their project reports, students will be encouraged to take full advantage of the resources available through the library, including online resources. In addition to the writing skills, presenting the research project to the class, which involves the preparation of PowerPoint slides, helps the students to develop effective oral communication skills. 

Overall, this course offers an ideal playground to develop not only the analytical skills typical of physics and mathematics courses, but also technical writing and effective speaking skills, which are valuable general education learning outcomes and the bread and butter of a Writing Intensive course. Half of the laboratory grade comes from the lab reports, and 20% of the grade comes from the final report, so that about 35% of the grade is determined by written assignments.

Timeline of Writing Assignments 

· Laboratory Reports: these assignments, which are due the week after completing the corresponding laboratory experience, are graded by the instructor and returned to the students. While the students are not provided with the possibility of correcting their mistakes, or improving the form and the logic of their writing for a specific lab report, the comments and suggestions of the instructor will allow the students to improve their work in the following laboratory report. Aside from providing individual feedback and corrections to the lab reports, after the first two weeks of classes the laboratory instructor will devote time to discuss again the format of the report, and point out common mistakes in their preparation, possible issues related to the use of technical language, or any general remark which will help student to improve their writing and the way their findings are presented. There are overall 13 laboratory reports due during each semester, starting in week 2 all the way to week 14. 
· Final Project: the topic for the final project report (and presentation) is assigned by the instructor approximately after the first two months of classes, ideally during week 8 of the course; for the selection of the topics, the instructor consults individually with each student about the portion of the curriculum that he/she find most interesting and stimulating. A first draft of the report is due about a month before the end of the course, ideally during week 11, and is returned to the students with corrections, comments and suggestions. Presentations are scheduled for the last day of laboratory class, on week 15. The final report is due at the end of classes.
PHYS 2443 Modern Physics -- Course Outline
This is the third of a sequence of three Physics courses (Physics 3.3). The prerequisites for this course are Physics 1441-1442, or else Physics 1433-1434 with the permission of the departmental chair. Selected topics in modern physics include: Relativity, black holes, astrophysics and cosmology, quantum mechanics and its applications, nuclear physics and elementary particle physics. The laboratory component of the class includes the experiments that led to the development of quantum mechanics, and also explores some of its applications.
Learning Outcomes
Upon successful completion of Modern Physics, students should be able to:
· Demonstrate an understanding of various optical phenomena such as interference, diffraction and polarization. 
· Give examples of situations in which light as well as electrons behave like a wave and a particle.
· Demonstrate knowledge of the postulates of the special theory of relativity.
· Display an understanding of the various physical effects that occur for objects traveling close to the speed of light.
· Cite some of the historical experiments and observations that gave rise to early quantum theory.
· Show a comprehension of the basic features of the early models of the atom and the associated atomic spectra.
· Have an appreciation of various aspects of physics that are actively being explored today, such as condensed matter, elementary particle physics and astrophysics.
· Read a laboratory manual and follow the procedure
· Write a technical report of a given format
· Employ scientific reasoning and logical thinking
· Work with teams, including those of diverse composition
· Develop problem-solving strategy
· Analyze and model idealized physical processes
· Apply mathematical skills to physical systems
· Gather and interpret data and draw logical conclusions
· Communicate information about physical systems in a logical and clear manner

Assessment Tools 
The modes of assessment support the learning outcomes:

· Two in-class examinations (30%)
· Final examination (20%)
· Laboratory reports (30%)
· Research Project (20%)
The laboratory final project report and the corresponding oral presentation are based on a research project topic that the instructor assigns to each student. The topics focus on specific experiments and predictions from quantum mechanics, relativity and astrophysics.
Chancellor’s Report Form
Section AV: Changes to Existing Courses
Please include all fields, but only fill in the ones that are changing.  Old information on the left should have a strikethrough line (see below), and new information on the right should be underlined.

Changes to be offered in the Physics department
	CUNYFirst Course ID
	
	
	

	FROM:
	
	TO:
	

	Department(s)
	
	Department(s)
	

	Course
	
	Course
	

	Prerequisite
	 
	Prerequisite 
	

	Corequisite
	
	Corequisite
	

	Pre- or corequisite
	
	Pre- or corequisite
	

	Hours
	
	Hours
	

	Credits
	
	Credits
	

	Description
	 
	Description
	

	Requirement Designation
	
	Requirement Designation
	

	Liberal Arts
	[   ] Yes  [   ] No  
	Liberal Arts
	[   ] Yes  [   ] No  

	Course Attribute (e.g. Writing Intensive, Honors, etc
	none
	Course Attribute (e.g. Writing Intensive, Honors, etc
	Writing Intensive

	Course Applicability
		[  ] Major

	[  ] Gen Ed Required

	[  ] English Composition

	[  ] Mathematics

	[  ] Science

	[  ] Gen Ed - Flexible

	[  ] World Cultures

	[  ] US Experience in its Diversity

	[  ] Creative Expression

	[  ] Individual and Society

	[  ] Scientific World

	[  ] Gen Ed - College Option

	[  ] Speech

	[  ] Interdisciplinary 

	[  ] Advanced Liberal Arts



	Course Applicability
		[  ] Major

	[  ] Gen Ed Required

	[  ] English Composition

	[  ] Mathematics

	[  ] Science

	[  ] Gen Ed - Flexible

	[  ] World Cultures

	[  ] US Experience in its Diversity

	[  ] Creative Expression

	[  ] Individual and Society

	[  ] Scientific World

	[  ] Gen Ed - College Option

	[  ] Speech

	[  ] Interdisciplinary 

	[  ] Advanced Liberal Arts




	Effective Term
	
	
	



Rationale:   The structure of PHYS 2443 is well suited to a writing intensive course. Considering lab reports, the written plan for the final project, and the final report, students are required to complete about 120 pages of writing assignments, on which they receive weekly feedback. About 35% of the grade is determined by written assignments. 


APPENDIX G – Program Admission Requirements 
I.	Students entering the Applied Computational Physics program with no prior higher education experience:
New students should have graduated from high school with an overall average of 75.0 or higher and be fully CUNY-certified, and academically qualified to register for ENG 1101 (English Composition I). High school coursework in Physics will be helpful but is not required. 
Students who do not have the mathematics background required to enroll in MAT 1475 (Calculus I) but who meet other admission requirements can use the program elective credits to complete the pre-requisite courses.
II.	Students transferring from other colleges:
Students transferring to the Applied Computational Physics program should have an overall GPA of 2.5 or higher, and have taken one semester of college-level English composition and one semester of Calculus (i.e. a course equivalent to MAT 1475), or have the approval of the Program Director. College coursework in Physics will be useful for applicants but is not required for admission.
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Interest in Computational Physics
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December 1, 2015

Professor Roman Kezerashvili

Chair, Physics Department

New York City College of Technology
300 Jay Street

Brooklyn, NY 11201

Dear Prof. Kezerashvili:

I am very pleased to write this letter in support of the proposed program to establish a
Bachelor of Science in Applied Computational Physics at New York City College of
Technology.

Based on my experience as a Data Scientist at Macy’s, I believe that the proposed
curriculum would provide a strong academic foundation and an adequate skillset for
students to be competitive in the job market. Skills such as critical thinking and analytic
problem solving, the ability to program in different modern languages, the use of data
visualization and statistical analysis tools, and familiarity with data mining and predictive
modeling techniques are useful in a variety of careers, from applied physics to
information technology, finance, scientific/technical communication, and the new
booming sector of data science.

I earned a PhD in Applied Mathematics from Columbia University in the Fall of 2014. As
I was searching for career opportunities, I found that it was a combination of the problem
solving skills that I developed and the hands on work with data that I did during my
studies that proved to be the most useful. These skills opened up many doors since they
were easily transferable to various industries, from Research & Development to Retail.
Now that I am in the data science sector, I believe that there will only be more and more
opportunities for individuals with quantitative backgrounds and strong programming and
modelling skills.

I support the proposed Bachelor of Science program because I believe that it would
enable NYCCT students to access many desirable career opportunities, including
employment in data science.

Best regards,

Iva Vukicevic
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Support letter for Applied Computational Physics Program

From: "Vulis, Dimitri " <dimitri.vulis@citi.com>

To: MKulkarni@CityTech.Cuny.Edu

Date: Wednesday - January 13, 2016 1:16 PM

Subject: Support letter for Applied Computational Physics Program
Attachments: TEXT.htm; Mime.822

Professor Roman Kezerashvili, Ph.D., D.Sc.

Professor of Physics

Chairman of Physics Department

New York City College of Technology and Graduate Center
The City University of New York

Director of the Center for Theoretical Physics at City Tech
300 Jay Street

Brooklyn NY, 11201, USA

Dear Prof. Kezerashvili,

| am very pleased to write this letter in support of the proposed program to establish a Bachelor of Science in
Applied Computational Physics at New York City College of Technology, CUNY.

Based on my experience as a director in Credit Quantitative Analysis at Citigroup’s Institutional Clients Group, |
believe that the proposed curriculum would provide a strong academic foundation and an adequate skillset for
students to be competitive in the job market. Skills such as critical thinking and analytic problem solving, the ability
to program in different modern languages, the use of data visualization and statistical analysis tools, and familiarity
with data mining and predictive modeling techniques are useful in a variety of careers in a variety of quantitative
fields including computational finance.

| myself earned a B.A., M.A., and Ph.D. from CUNY decades ago, and have worked in the financial industry since. |
also teach financial mathematics part-time at CCNY. CUNY plays a very important role by educating young people
from underprivileged background and providing them with a chance to succeed in careers that require a lot of
guantitative training, such as finance.

| support the proposed Bachelor of Science program because | believe that it would enable NYCCT-CUNY students
to access many desirable career opportunities, including possibility of employment in Citigroup.

Sincerely,

Dimitri Vulis

Citi | Credit Quantitative Analysis
390 Greenwich Street, 4th Floor
New York, NY 10013

D E-mail: dimitri.vulis@citi.com
@Tel: +1-212-723-1886

Mob: +1-917-403-2692

This communication is issued by a member of the Sales and Trading Department of Citigroup Global Markets Inc. and
intended for institutional investors only. For important disclosures and disclaimers please see
https://icg.citi.com/icg/data/documents/ST_ExternalDiscl.pdf. This message is for the internal use of the intended
recipients and may contain information proprietary to Citi which may not be reproduced, redistributed, or copied in
whole or in part without Citi's prior consent.

https://emaill citytech.cuny.edu/gw/webacc?User.context=ea984f574881c9b8dc995a36683030b423a9db74&Provider name=SOAP&Item.drn=56964E11.Admin2 Na... 1/1
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December 7, 2015

Professor Roman Kezerashvili

Chair, Physics Department

New York City College of Technology
300 Jay Street

Brooklyn, NY 11201

Dear Prof. Kezerashvili:

I am very pleased to write this letter in support of the proposed program to establish a
Bachelor of Science in Applied Computational Physics at New York City College of
Technology.

Based on my experience as a physicist and then financial professional, I believe that the
proposed curriculum would provide a strong academic foundation and an adequate skillset
for students to be competitive in the job market. Skills such as critical thinking and
analytic problem solving, the ability to program in different modern languages, the use of
data visualization and statistical analysis tools, and familiarity with data mining and
predictive modeling techniques are useful in a variety of careers, from applied physics to
information technology, finance, scientific/technical communication, and the new
booming sector of data science.

In the current job market ability to solve problems together with technical skills to
implement solution are essential.  In the banking and financial industries these abilities
are indispensable. Entry level analyst positions spread their responsibilities from data
analysis to analyzing complex deals and building quantitative models. And the only way
to succeed in these tasks is outstanding problem solving skills with hands on technical
experience to be able to use available programmatic tools to get results. The applied
computational physics is the background providing such skill set.

I support the proposed Bachelor of Science program because I believe that it would enable
NYCCT students to access many desirable career opportunities, including employment in
banking and financial industry.

Best regards,

Slava Solganik, Ph.D.

Director, Model Risk Management
Citigroup

slava.solganik(@citi.com
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December 9, 2015

Professor Roman Kezerashvili

Chair, Physics Department

New York City College of Technology
300 Jay Street

Brooklyn, NY 11201

Dear Prof. Kezerashvili:

I am very pleased to write this letter in support of the proposed program to establish a
Bachelor of Science in Applied Computational Physics at New York City College of
Technology.

Based on my experience as a Data Scientist at Oscar Insurance, I believe that the proposed
curriculum would provide a strong academic foundation and an adequate skillset for
students to be competitive in the job market. Skills such as critical thinking and analytic
problem solving, the ability to program in different modern languages, the use of data
visualization and statistical analysis tools, and familiarity with data mining and predictive
modeling techniques are useful in a variety of careers, from applied physics to information
technology, finance, scientific/technical communication, and the new booming sector of
data science.

I support the proposed Bachelor of Science program because I believe that it would enable
NYCCT students to access many desirable career opportunities, including employment in
Data Science.

Best regards,

WM

Molly Alter /
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New York University

A private university in the public service

DEPARTMENT OF PHYSICS

André and Bella Meyer Hall of Physics
4 Washington Place

New York, NY 10003-6621
Telephone: (212) 998-7700
Fax: (212) 995-4016

January 15, 2016

Professor Roman Kezerashvili

Chair, Physics Department

New York City College of Technology
300 Jay Street

Brooklyn, NY 11201

Dear Prof. Kezerashvili:

I am very pleased to write this letter in support of the proposed program to establish a
Bachelor of Science in Applied Computational Physics at New York City College of
Technology (NYCCT).

Based on my experience as Professor and Chair at the New York University Physics
Department, I believe that the proposed curriculum would provide the academic foundation
and an adequate skillset of practical and computational abilities to students that are willing to
continue their education and apply for graduate programs. A good foundation in physics and
mathematics, combined with skills such as critical thinking and analytic problem solving, the
ability to program in different modern languages, the use of data visualization and statistical
analysis tools, are a good foundation that can be further reinforced in a variety of different
fields of graduate studies,

I believe that the proposed Bachelor of Science program would provide a good initial

academic foundation and enable NYCCT students to apply for graduate admissions at
outstanding institutions, including the Physics Department at New York University.

Best re%%\
Gregory Gabadadze

Professor and Chair
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Rutgers, The State University of New Jersey

136 Frelinghuysen Road p. 848-445-8874
Piscataway, NJ 08854-8019 f. 732-445-4343

School of Arts and Sciences

January 1, 2016

Professor Roman Kezerashvili

Chair, Physics Department

New York City College of Technology
300 Jay Street

Brooklyn, NY 11201

Dear Prof. Kezerashvili,

I am writing in enthusiastic support of the proposed Bachelor of Science degree in Applied
Computational Physics at New York City College of Technology.

Based on my eight years of experience on the faculty at Rutgers, the State University of New
Jersey, I believe that your proposed curriculum would provide a valuable academic foundation of
computational abilities to students who plan to apply for graduate programs as well as a set of
highly marketable skills for those who instead seek private sector jobs upon graduation.

The proposed degree will offer a solid foundation in physics, mathematics, critical thinking,
problem solving, modern computer programming, data visualization, and statistical analysis.
This provides the broad background needed to springboard students towards graduate study in a
variety of fields. In the Rutgers Physics & Astronomy department, we have faculty involved in
computational research modeling objects from materials to galaxies, and many of our
experimental collaborations analyze “Big Data,” for which your new majors will be well-
prepared.

In summary, I believe that the proposed Bachelor of Science program would provide a good
academic foundation and would enable NYCCT students to pursue many desirable graduate
opportunities. We would particularly welcome applications from these students to the Ph.D.
program in Physics & Astronomy at Rutgers.

Sincerely,
z7/ ) Z22 77

Eric Gawiser
Associate Professor
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December 13th, 2015

Professor Roman Kezerashvili, Ph.D., D.Sc.

Professor of Physics

Chairman of Physics Department

New York City College of Technology and Graduate Center
The City University of New York

Director of the Center for Theoretical Physics at City Tech
300 Jay Street

Brooklyn NY, 11201, USA

Dear Prof. Kezerashvili,

I am very pleased to write this letter in support of the proposed program to establish a
Bachelor of Science in Applied Computational Physics at New York City College of
Technology of CUNY.

Based on my experience as a Professor of Statistics and Computer Science at Columbia
University, I believe that the proposed curriculum would provide the academic foundation
and an adequate skillset of practical and computational abilities to students that are willing
to continue their education and apply for graduate programs. A foundation in statistical
physics and mathematics, combined with skills such as critical thinking and analytic
problem solving, the ability to program and to think algorithmically, the use of data
visualization and machine learning tools, are a curriculum that can be further reinforced in
many fields of graduate studies. I personally would be eager to consider graduates of such
a program for PhD study in Computer Science or Statistics here at Columbia.

I believe that the proposed Bachelor of Science program would provide a good initial
academic foundation and enable NYCCT, CUNY students to apply to many desirable
graduate opportunities.

Best regards,

DA Ty

David M. Blei

Professor of Statistics
Professor of Computer Science
Columbia University

New York, NY
david.blei@columbia.edu
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300 Jay Street 

Brooklyn NY, 11201, USA 

 

 

 

Dear Prof. Kezerashvili,  

 

I am very pleased to write this letter in support of the proposed program to establish a 
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mﬂ!ﬂ \ Department of Engineering, Physics and Technology

2155 University Avenue
Bronx, New York 10453
Office: (718) 289-5381

Dear Dr. Ossola:

We have reviewed the description and sample curriculum of the Bachelor of Science in Applied
Computational Physics (ACP) that the Physics Department at the New York City College of
Technology is presenting for approval by CUNY and eventually by the Board of Regents of the
University of the State of New York.

As chair of Engineering, Physics and Technology Department at Bronx Community
College/CUNY, I write to express our department’s support for the proposed ACP major at City
Tech. We believe that this program of study is suitable designed to match skills and understanding
of physics with careers that apply analytical thinking, physics knowledge, and computer science
expertise in various branches of New York’s job market.

We think that the proposed bachelor level course of study will match with our AS degree in
Engineering Science Program and therefore create a new, attractive option for our graduates. We
are willing to support a new articulation agreement, so that our students who complete the AS
program will be able to seamlessly transfer to City Tech’s BS program and, upon completion of
the new degree, will be granted access to career path that are not presently available to them.

W oghaddasi, Ph.D.

essor & Chairperson

Department of Engineering, Physics and Technology
Bronx Community College - CUNY

2155 University Avenue

Carl Polowczyk, Room CPH-118
Bronx, NY 10453

www.bcc.cuny.edu
Phone # 718 289 5380

Fax # 718 289 6403
jalil. moghaddasi@bcc.cuny.edu
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Professor Roman Kezerashvili

Chair, Physics Department

New York City College of Technology
300 Jay Street

Brooklyn, NY 11201

Dear Prof. Kezerashvili:

We have reviewed the description and sample curriculum of the Bachelor of Science in Applied
Computational Physics (ACP) that the Physics Department at the New York City College of
Technology is presenting for approval by CUNY and eventually by the Board of Regents of the
University of the State of New York.

As head of the Science Department at Borough of Manhattan Community College (CUNY), I
write to express our department’s support for the proposed ACP major at City Tech. We believe
that this program of study is suitable designed to match skills and understanding of physics with
careers that apply analytical thinking, physics knowledge, and computer science expertise in
various branches of New York’s job market.

We think that the proposed bachelor level course of study will match well with Borough of
Manhattan Community College’s AS degree in Science and Engineering  programs, and
therefore create a new, attractive option for our graduates. We are willing to support a new
articulation agreement, so that our students who complete the AS program will be able to
seamlessly transfer to City Tech’s BS program and, upon completion of the degree, will be
granted access to career pathsthat are not presently available to them.

Sincerely yours,

Joel Hernandez

Chair, Science Department
Borough of Manhattan Community Colleg
1999 Chambers Street

New York, NY 10007

12/16/rS
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BS program in Applied Computational Physics

‘Sandio Han <shan@clytech.cuny.edu>
To: Giovann Ossola <GOssola@eitytoch cuny.ecu>
Ce: Viviana Acquaviva <VAcquaviva@eitytech cuny.edu>

Doar . Ossola,
1am happy to continue the iscussion and show supportfr the Applied Computatonal Prysics program.

Bestrogards,
Sandie Han

Profossor Sandio Han
Mathomatics Department, Chair
Now York Gity Colloge of Tochnoiogy
300 Jay St Brookiyn, NY 11201
716.260.5380

>> Glovamni Ossola <gossola@clytech.cuny.ed> DIV27/18 10:17 PM >>>
Doar . Han,

Many thanks for the imo you spent discussing with mo today about the
new program in Appied Computational Physics that the Physics
department s seeking t ofer at our Colege.

As mentoned earler, wo would welcome your support and your nput, i
particular concerning th solecton of Mathemaics courses.

‘Any feedbacksugoestion from you would be tuly approciated.
Bestrogards,

Giovami

‘Giovanni Ossoa, PrD.
Assosiate Professor of Physics

New York Ciy Colege of Technoiogy
Gty Universty of New York
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- Forwarded message
From: Huseyin Yuce <hyuce@citytech.cuny.edu>
Date: Thu, Jan 28, 2016 at 1:13 AM

Subj BS program in Applied Computational Physics
To: Giovanni Ossola <GOssola@itytech.cuny.edu>

Dear Giovanni,

‘The proposal and the curriculum combines Physics, Mathematics, and
‘Computer Science. It provides valuable and a unique training and
experience sought after by industry and goverment as well as graduate
schools. Math courses proposed in the curriculum are a great
complement to Applied Computational Physics program. The st and the
order of the math courses are also appropriate. | believe the
interdisciplinary nature of the program offers best of each

disciplines. | enthusiastically support the program and | am looking
forward to working with you in the future.

Al my best,
Huseyin

>On.Jan 27, 2016, at 10:32 PM, Giovanni Ossola <GOssola@CityTech. Cuny.Edu> wrote:

> <ACP_CURRICULUM_Description.pdf>
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New major in Applied Computational Physics

Hong Li <hli@citytech.cuny.edu> Wed, Jan 27, 2016 at 7:40 AM
To: Viviana Acquaviva <VAcquaviva@citytech.cuny.edu>
Cc: Giovanni Ossola <GOssola@citytech.cuny.edu>

1 will be glad to discuss and support your proposal.
‘The first week of class is hard for me to spare time. How about the second week, | am available on Tuesday Feb.9 after 12om, Wed. 10 after
2pm and Thus. 11 after 12om.

Please let me know what work for you.
Best,

Hong

Hong Li, PH.D.
Chair and Associate Professor

Department of Computer Systems Technology
New York City College of Technology

300 Jay Street N-914

Brooklyn, NY 11201

(718)260-5170

>>> Viviana Acquaviva <vacquaviva@citytech.cuny.edu> 01/26/16 10:47 AM >>>
Dear Dr. Li,

Ihope you had a great holiday break.

| am writing because, together with my colleagues in the Physics department and in particular Dr. Ossola, co-ed here, we are proposing for a
new B.S. program in Applied Computational Physics at City Tech. The most recent version of the proposal is attached.

Our vision for the new degree program is to empower students to build a solid foundation in the physical sciences, as well as to acauire a
broad range of transferable skills, including programming, statistcal inference, and data analysis and data mining. We hope that our students
will be well prepared to either continue their studies in a graduate program, or to enter the job market and have access to exciting career
opportunities.

We would really appreciate the opportunity to discuss the new major with you in more detail. Would it be possible to meet n the next week or
507 We will do our best to accommodate a date and time that works for you.

‘Thanks in advance,

Viviana
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A new version of the PHYS3600 course and a summary of updates

Ashwin Satyanarayana <asatyanarayana@citytech.cuny.edu>
To: Viviana Acquaviva <VAcquaviva@citytech.cuny.edu>
Ce: Hong Li <hli@citytech.cuny.edu>, Candido Cabo <CCabo@eitytech.cuny.edu>, Giovanni Ossola <gossola@citytech cuny.edu>

Hello Viviana,
‘The proposal was presented at our CST department mesting (on Friday) and there were no objections and we support it

Hong/Candido: Do you have any further comments on the proposal?

Regards,
Ashwin

>On Feb 17, 2016, at 4:33 PM, Viviana Acquaviva <VAcquaviva@City Tech. Cuny.Edu> wrote:

> Dearall,

> 1 met with Dr. Satyanarayana today to discuss an updated version of the proposal for the PHYS3600 course. The main revisions were the following:
>- change the name to "Machine learning for Physics and Astronomy”;

>~ clarify which physics problems wil be addressed;

>- give more details about the different data sets that might be used;

>~ modify the math pre-requisites in order to make the course more accessible to interested CST students or other transfer students;

>- remove *Python" from the title, allowing different instructor to use other languages if preferred;

> - update the course description.
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