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Good morning,
 

On Monday, April 29th, the Themes II Subcommittee of the ASC Curriculum Committee reviewed a
GEN Theme: Number, Nature, Mind & Origins and Evolution request for Astronomy 2143.
 
I am pleased to report that the Subcommittee unanimously approved the request with one
comment:

Comment: The reviewing faculty noticed the Religious Accommodation statement did not
include the proper “Policy: Religious Holidays, Holy Days and Observances” link.

You will find attached the syllabus submitted with the Religious Accommodation link included for
your convenience. When the course is next taught, please ensure that this syllabus is the one
distributed to students, as this statement (including the link to the Religious Holidays, Holy Days and
Observances) is now required in all university syllabi according to the Ohio Revised Code.
 
Astronomy 2143 will continue through the approval process. My office will advance the course to
OAA.
 
Should you have any questions, please do not hesitate to reach out to Ila Nagar, faculty Chair of the
Themes II Subcommittee, Meg Daly, faculty interim Chair of both the Number, Nature, Mind &
Origins and Evolutions Theme Advisory Groups, or me.
 
All my best,
Michael

Michael Hilty
Curriculum and Assessment Coordinator
ASC Staff Advisory Council, Awards Chair
ASC Staff Advisory Council, Chair-Elect

The Ohio State University
The College of Arts and Sciences
ASC Curriculum and Assessment Services
306A Dulles Hall
230 Annie and John Glenn Ave, Columbus, OH 43210
614-247-6089 Office
hilty.70@osu.edu / asccas.osu.edu
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Overview



Astronomy 2143: Cosmology – The History of the Universe Template Syllabus


Why is there something, rather than nothing? This is one of the oldest questions in human thought, and astronomers and physicists have made extraordinary progress towards answering it over the last century. We now know that the universe we see today has expanded from an extremely hot, extremely dense state


— the “Big Bang” — that existed about 14 billion years ago. We know that the rich structure in today’s universe — billions of galaxies that are arranged in enormous ﬁlaments and sheets and ﬁlled with stars and planets — emerged from the action of gravity on tiny primordial ﬂuctuations. We know that the matter that makes up our everyday world, comprised of protons, neutrons, and electrons, accounts for only about 5% of the total matter and energy in the universe. We know something about the other dominant components, known as dark matter and dark energy, but their true nature remains mysterious, and a subject of intense research by astronomers and physicists.


This course will teach you about the history of the universe as we currently understand it and about the history of cosmology as a subject. We will see how astronomers have used observations from telescopes and satellites together with basic physical principles to piece together the picture summarized above. We will learn about some of the research that is being done today to gain deeper understanding of the matter and energy contents of the cosmos, the physics of the Big Bang, and the origin of galaxies. Along the way we will learn about light and its role as a messenger from the distant universe, about gravity and its impact on the motions of galaxies and the expansion of the cosmos, and about atoms and how they are forged in the hot early universe and the centers of stars.


Instructor:


Office:
Phone:
Email: Office Hours:


Meeting Time:


Classroom:


Format: 3 Contact Hours per week, lecture format, with in-class participation and questions


GEN Themes: Origins & Evolution; Nature, Number, and Mind


Not available for credit if student has taken 1143, 1162 or 2292.


Topical Outline


The course will cover the following topics. The week-by-week breakdown is approximate. A detailed course outline that includes readings and assignments is found later in the syllabus.


· Measuring distances (1 week)

· Properties of light, redshift, expansion of the universe (2 weeks)

· Hubble’s expansion law and its implications (1 week)

· Newtonian gravity (2 weeks)

· Evidence for dark matter (1 week) MIDTERM EXAM

· Einstein’s gravity and the expanding, homogeneous universe (2 weeks)

· Atoms, heat, and light (1 week)

· Big Bang Nucleosynthesis and the Cosmic Microwave Background (1 week)

· Cosmic acceleration and dark energy (1 wee1k)

· The formation of cosmic structure (1 week)

· Inﬂation and the very early universe (1 week)

Prerequisites


The prerequisites for this course are completion of the Natural Science GE Foundation and math at the level of Math 1050. For students taking the legacy GE (GEL) rather than GEN curriculum, only the math pre-requisite applies. The math in this course will not go beyond simple algebra, but there will be equations and geometrical or mathematical reasoning in the lectures and in the assignments. The math itself will not be diﬃcult, but the concepts will be challenging, and translating concepts into equations and back is one of the major things you will learn during the course.


Class Participation, Homework, Quizzes and Final Exam:


Grades will be based on four take-home assignments (30% total), in-class questions (20% total), a take-home essay (10%), a midterm exam (15%), and a ﬁnal exam (25%). The take-home assignments will consist of questions from the lectures and reading and multi-part problems for you to work out, and they should typically take 4-8 hours apiece. The essay (3-5 pages) will be assigned near the end of the course and will involve reﬂection on the course’s central themes. The exams will be primarily multiple choice or short answer questions and may include short essays.


There will be in-class questions on most class days. Sometimes these will be short problems to solve, and other times they will ask you to reﬂect on recently covered topics, pose your own questions about the material, or speculate based on what you have learned. The three lowest scores from the in-class questions will be dropped in computing the average score. While there is no direct attendance grade, if your attendance is poor you will inevitably do poorly on the in-class question grade, and probably on everything else as well.


Textbook and Required Readings:


As a textbook reference, we will use Your Cosmic Context, by Todd Duncan and Craig Tyler, which is available through Amazon or other online vendors. It is a good book; thoughtful, clear in its explanations, and broad in its view.  The  course  will  proceed  in  a  diﬀerent  order  from  the  textbook,  but  the  readings  from the book assigned for each section will be a useful complement to what is covered in the lectures.


In addition, during the second half of the course we will read The First Three Minutes by the Nobel Prize winning physicist Steven Weinberg, available at the campus bookstore or via online vendors. This short book is one of the classics of popular science writing, describing the big bang theory and the history of its discovery.


Required and optional reading assignments will be speciﬁed as the course progresses. The homework assignments and in-class questions will draw on these readings. A tentative schedule appears below.


The instructor will provide additional course materials through Carmen or a dedicated course web page.  At the instructor’s discretion these additional materials may include lecture notes and/or copies of slides shown in class, as well as links to images, videos, and other resources that are helpful in learning the course material or exploring further.


Detailed Course Schedule


Note: This schedule is necessarily approximate, as large intellectual topics do not naturally break into week-long intervals, and the time devoted to an individual topic will depend on the instructor and the students.


Assignments will be due one week after they are distributed.


Section 1: Measuring the Universe


In this section we will learn how astronomers measure properties of astronomical objects and the universe as a whole using light and other forms of electromagnetic radiation. It culminates with the discovery of cosmic expansion and the implications of that expansion for the structure of the universe.


Week 1: Overview, measuring distances


Your Cosmic Context reading:


Chapter 1: Starting Points Chapter 2: The Sky We See


Week 2: Understanding the universe with electromagnetic radiation


Your Cosmic Context reading:


Chapter 3: The Universe We Discover Through Heat and Light


Week 3: Expansion of the Universe


Your Cosmic Context reading:


Chapter 5: Clues about the Cosmos


Assignment 1: Properties of light, redshift, expansion of the universe


Week 4: Hubble’s expansion law and its implications


Section 2: Gravity


In this section we will trace the development of Newton’s theory of gravity and its extraordinary success as a tool for describing the solar system and the cosmos. It culminates with one of the most striking applications of Newtonian gravity to cosmology, the discovery that most of the matter in the universe is not visible. The midterm exam will cover sections 1 and 2.


Week 5: Newtonian gravity


Your Cosmic Context reading:


Chapter 4: The Universe We Discover Through Motion and Gravity


Assignment 2: Measuring the Hubble constant, properties of galaxies


Week 6: Newtonian gravity, continued Week 7: Evidence for dark matter


Your Cosmic Context reading:


Reread 4.2, 4.3


Midterm Exam


Section 3: Big bang cosmology


In this section we will discuss the key differences between Newton’s theory of gravity and Einstein’s theory of gravity, then show how the latter leads naturally to the prediction of an expanding universe that began in a hot, dense state about 14 billion years ago. It culminates with the two


crucial pieces of empirical evidence for the big bang theory: the cosmic microwave bacgkround and the abundances of helium and other light elements.


Week 8: Einstein’s gravity and the geometry of space


Your Cosmic Context reading:


Chapter 6: The Fabric of Spacetime


The First Three Minutes reading: Chapters I and II


Week 9: Dynamics of the expanding universe


Your Cosmic Context reading:


Chapter 7: An Expanding Universe


Week 10: Atoms, heat, and light


Your Cosmic Context reading:


Chapter 8: Photons and Electrons Chapter 9: The Nuclear Realm


The First Three Minutes reading: Chapter III


Assignment 3: Dark matter and the fate of the universe


Week 11: Big bang nucleosynthesis and the cosmic microwave background


Your Cosmic Context reading:


Chapter 10: The Big Bang Theory


The First Three Minutes reading: Chapters IV, V, VI


Section 4: Frontiers of cosmology


In this section, we turn to topics that are the focus of contemporary cosmological research: the mystery of cosmic acceleration, the origin of galaxies and other cosmic structure, and exotic physics that may have governed the first second of cosmic history. The closing essay assignment will invite students to connect what they have learned in the course to the broader questions of the Number, Nature, Mind or Origins and Evolution GE theme. The final exam will concentrate on material covered in Sections 3 and 4, but this necessarily draws on material first encountered in Sections 1 and 2.


Week 12: Cosmic acceleration and dark energy


Your Cosmic Context reading:


Chapter 11: History, Density, and Destiny


Assignment 4: Measuring the geometry of space and cosmic acceleration


Week 13: The formation of cosmic structure


Your Cosmic Context reading:


Chapter 12: The Story of Structure


Week 14: Inflation and the very early universe


The First Three Minutes reading: Chapters VII, VIII


Essay assignment: Synthesis and connection to theme Exam Week: Final exam


Learning objectives


The Curriculum Committee of the College of Arts & Sciences requests that syllabi of all GEN courses list the goals and learning objectives for the relevant category of the GEN. This course is applicable to both the Number, Nature, and Mind GEN theme and the Origins and Evolution GEN theme. We therefore list the goals and expected learning outcomes (ELOs) of both themes below, plus a brief explanation of how the course is intended to address these objectives. Astronomy 2143 is also applicable to the Natural Sciences category of the legacy GE (GEL), so we also list the goals and ELOs of this GEL category and explain how Astron 2143 addresses them.


The goals of the Number, Nature, and Mind GE Theme are:


1. Successful students will analyze an important topic or idea at a more advanced and in-depth level than in the Foundations component. [Note: In this context, “advanced” refers to courses that are e.g., synthetic, rely on research or cutting-edge findings, or deeply engage with the subject matter, among other possibilities.]


2. Successful students will integrate approaches to the theme by making connections to out-of- classroom experiences with academic knowledge or across disciplines and/or to work they have done in previous classes and that they anticipate doing in future.


3. Successful students will experience and examine mathematics as an abstract formal system accessible to mental manipulation and/or mathematics as a tool for describing and understanding the natural world.


More specifically, the “Expected Learning Outcomes” for this theme are: Successful students are able to:


1.1 Engage in critical and logical thinking about the topic or idea of the theme.


1.2 Engage in an advanced, in-depth, scholarly exploration of the topic or idea of the theme.


2.1. Identify, describe, and synthesize approaches or experiences as they apply to the theme.


2.2. Demonstrate a developing sense of self as a learner through reflection, self-assessment, and creative work, building on prior experiences to respond to new and challenging contexts.


3.1 Analyze and describe how mathematics functions as an idealized system that enables logical proof and/or as a tool for describing and understanding the natural world.


The topics at the core of Astronomy 2143 — Einstein’s conception of gravity and curved spacetime, the expanding universe, the big bang theory, dark matter, and dark energy — are striking examples of mathematics as a tool for describing and understanding the natural world, making them an ideal subject for addressing these objectives.


You will experience these striking applications of mathematics to physics — Number to Nature — throughout the lectures, readings, and homework assignments. You will learn how mathematics functions as a tool for analyzing the natural world from lectures and readings and, above all, from solving multi-part problems on homework assignments which take you from initial assumptions to sometimes surprising conclusions. One option for the concluding essay will invite you to reflect on the role of mathematical reasoning in the origin of the big bang theory and the discovery of dark matter and dark energy. These examples demonstrate that the human application of the abstract language of mathematics can lead to startling predictions about the natural world that can then be tested and confirmed by observations and experiments, the interplay at the heart of the Number, Nature, and Mind theme.


The goals of the Origins and Evolution GE Theme are:


1. Successful students will analyze an important topic or idea at a more advanced and in-depth level than in the Foundations component. [Note: In this context, “advanced” refers to courses


that are e.g., synthetic, rely on research or cutting-edge findings, or deeply engage with the subject matter, among other possibilities.]


2. Successful students will integrate approaches to the theme by making connections to out-of- classroom experiences with academic knowledge or across disciplines and/or to work they have done in previous classes and that they anticipate doing in future.


3. Successful students will appreciate the time depth of the origins and evolution of natural systems, life, humanity, or human culture, and the factors that have shaped them over time.


4. Successful students will understand the origins and evolution of natural systems, life, humanity, or human culture, and the factors that have shaped them over time.


More specifically, the “Expected Learning Outcomes” for this theme are: Successful students are able to:


1.1 Engage in critical and logical thinking about the topic or idea of the theme.


1.2 Engage in an advanced, in-depth, scholarly exploration of the topic or idea of the theme.


2.1. Identify, describe, and synthesize approaches or experiences as they apply to the theme.


2.2. Demonstrate a developing sense of self as a learner through reflection, self-assessment, and creative work, building on prior experiences to respond to new and challenging contexts.


3.1 Illustrate the time depth of the universe, physical systems, life on earth, humanity, or human culture by providing examples or models.


3.2 Explain scientific methods used to reconstruct the history of the universe, physical systems, life on earth, humanity, or human culture and specify their domains of validity.


3.3 Engage with current controversies and problems related to origins and evolution questions.


4.1 Describe how the universe, physical systems, life on earth, humanity, or human culture have evolved over time.


4.2 Summarize current theories of the origin and evolution of the universe, physical systems, life on earth, humanity, or human culture.


Astronomy 2143 addresses the origins and evolution of the largest physical system of all, the entire universe, on timescales that range from the first seconds after the big bang to the 14 billion year present-day and the possibly infinite future. From the lectures and readings, you will learn how astronomers and physicists have pieced together a detailed description of cosmic evolution and discovered striking observational evidence for the big bang origin of the universe and the existence of dark matter and dark energy. From in-class questions and homework assignments you will learn how scientists make predictions from cosmological theories and use observational data to measure the key parameters of the universe, such as its age, spatial extent, geometry, and matter and energy contents. These questions and the concluding essay will invite you to reflect on the span of cosmic evolution and the remarkable fact that we can deduce the history of the universe from our vantage in the present-day.


The goals of the Natural Science GEL courses are:


“Students understand the principles, theories, and methods of modern science, the relationship between science and technology, the implications of scientific discoveries and the potential of science and technology to address problems of the contemporary world.”


More specifically, the “Expected Learning Outcomes” for GE Physical Science courses are:


1. Students understand the basic facts, principles, theories and methods of modern science.


2. Students understand key events in the development of science and recognize that science is an evolving body of knowledge.


3. Students describe the inter-dependence of scientific and technological developments.


4. Students recognize social and philosophical implications of scientific discoveries and understand the potential of science and technology to address problems of the contemporary world.


Cosmology as a subject is an ideal vehicle for objectives 1-3, as we will closely examine one of the most exciting fields of modern science, one in which theory, observation, and technology all play crucial and interlocking roles. It’s not clear that cosmology can do much to address problems of the contemporary world, other than providing a sense of perspective. However, cosmology is perhaps the field of science with the greatest philosophical implications, and I hope that learning about the history of the universe will inform your own philosophical world view.


Academic Misconduct


It is the responsibility of the Committee on Academic Misconduct to investigate or establish pro- cedures for the investigation of all reported cases of student academic misconduct. The term academic misconduct includes all forms of student academic misconduct wherever committed; il- lustrated by, but not limited to, cases of plagiarism and dishonest practices in connection with examinations. Instructors shall report all instances of alleged academic misconduct to the com- mittee (Faculty Rule 3335-5-487). For additional information, see the Code of Student Conduct (http://studentlife.osu.edu/csc).

Students with Disabilities


The university strives to maintain a healthy and accessible environment to support student learning in and out of the classroom. If you anticipate or experience academic barriers based on your disability (including mental health, chronic, or temporary medical conditions), please let me know immediately so that we can privately discuss options. To establish reasonable accommodations, I may request that you register with Student Life Disability Services (SLDS). After registration, make arrangements with me as soon as possible to discuss your accommodations so that they may be implemented in a timely fashion. SLDS contact information: slds@osu.edu; 614-292-3307; slds.osu.edu; 098 Baker Hall, 113 W. 12th Avenue.


Religious Accommodations


Ohio State has had a longstanding practice of making reasonable academic accommodations for students’ religious beliefs and practices in accordance with applicable law. In 2023, Ohio State updated its practice to align with new state legislation. Under this new provision, students must be in early communication with their instructors regarding any known accommodation requests for religious beliefs and practices, providing notice of specific dates for which they request alternative accommodations within 14 days after the first instructional day of the course. Instructors in turn shall not question the sincerity of a student’s religious or spiritual belief system in reviewing such requests and shall keep requests for accommodations confidential.


With sufficient notice, instructors will provide students with reasonable alternative accommodations with regard to examinations and other academic requirements with respect to students’ sincerely held religious beliefs and practices by allowing up to three absences each semester for the student to attend or participate in religious activities. Examples of religious accommodations can include, but are not limited to, rescheduling an exam, altering the time of a student’s presentation, allowing make-up assignments to substitute for missed class work, or flexibility in due dates or research responsibilities. If concerns arise about a requested accommodation, instructors are to consult their tenure initiating unit head for assistance.


A student’s request for time off shall be provided if the student’s sincerely held religious belief or practice severely affects the student’s ability to take an exam or meet an academic requirement and


the student has notified their instructor, in writing during the first 14 days after the course begins, of the date of each absence. Although students are required to provide notice within the first 14 days after a course begins, instructors are strongly encouraged to work with the student to provide a reasonable accommodation if a request is made outside the notice period. A student may not be penalized for an absence approved under this policy.


If students have questions or disputes related to academic accommodations, they should contact their course instructor, and then their department or college office. For questions or to report discrimination or harassment based on religion, individuals should contact the Office of Institutional Equity.

Policy: Religious Holidays, Holy Days and Observances

Mental Health Statement


As a student you may experience a range of issues that can cause barriers to learning, such as strained relationships, increased anxiety, alcohol/drug problems, feeling down, difficulty concen- trating and/or lack of motivation. These mental health concerns or stressful events may lead to diminished academic performance or reduce a students ability to participate in daily activities. The Ohio State University offers services to assist you with addressing these and other concerns you may be experiencing. If you or someone you know are suffering from any of the aforemen- tioned conditions, you can learn more about the broad range of confidential mental health services available on campus via the Office of Student Lifes Counseling and Consultation Service (CCS) by visiting ccs.osu.edu or calling 614-292-5766. CCS is located on the 4th Floor of the Younkin Success Center and 10th Floor of Lincoln Tower. You can reach an on call counselor when CCS is closed at 614-292-5766 and 24 hour emergency help is also available 24/7 by dialing 988 to reach the Suicide and Crisis Lifeline.



Pronouns: he/him/his, they/them/theirs / Honorific: Mx.
-BLACK LIVES MATTER-
STOP AAPI HATE
DACA/undocumented ally

      
I acknowledge that the land that The Ohio State University occupies is the ancestral and contemporary territory of the
Shawnee, Potawatomi, Delaware, Miami, Peoria, Seneca, Wyandotte, Ojibwe and Cherokee peoples. Specifically, the
university resides on land ceded in the 1795 Treaty of Greeneville and the forced removal of tribes through the Indian
Removal Act of 1830. I  honor the resiliency of these tribal nations and recognize the historical contexts that has and
continues to affect the Indigenous peoples of this land.
 


