
ASEN 5052-001, 5052-001B Analytical Astrodynamics 


TTh, 10:05-11:20, AERO 111


Instructor:	 Daniel Scheeres, scheeres@colorado.edu
AERO 454 

Office Hours TBD 


Introduction to astrodynamics with an emphasis on analytical approaches — alternative 
to ASEN 5050. General solution of the 2-body problem. Orbital trajectories, transfers, 
targeting, and time of flight. Orbit perturbations and averaging analysis. Restricted 3-
body problem. 


Pre-requisite:  Undergraduate orbital mechanics course (equivalent to ASEN 3200) or 
permission of the instructor. 


Coursepack: 

Selected excerpts from “Orbital Motion in Strongly Perturbed Environments" will 

be distributed, selected papers will be distributed.


Textbooks:

A.E. Roy, Orbital Motion 4th edition, Institute of Physics Publishing, 2005.


Additional Reference Books:

D.J. Scheeres. “Orbital Motion in Strongly Perturbed Environments: Applications 

to Asteroid, Comet and Planetary Satellite Orbiters,” Springer-Praxis Books in 
Astronautical Engineering. 2012. ISBN 978-3-642-03255-4, e-ISBN 978-3-642-03256-1, 
DOI 10.1007/978-3-642-03256-1	


mailto:scheeres@colorado.edu


Grading:

HW problems:								 25%

Computational problems:							 25%

Mid-term exam:								 25%

Final exam:									 25%


Topics:

Principles of orbital mechanics.

Orbital trajectories, transfers, time of flight.  

Trajectory propagation and targeting.  

Orbit perturbation formulation and analysis.

Restricted 3-body problem with applications.


Syllabus (Scheeres):


Orbital mechanics 

Formulation of two-body, three-body and n-body problems

The two-body problem solution

Elliptical and circular orbits

Parabolic and hyperbolic trajectories

3-D trajectories and orbit elements

Time of flight and orbit propagation


Orbital transfers

Impulsive maneuvers

Lambert's theorem

3-D Targeting

Fuel optimal considerations


Orbit perturbation formulations 

Variation of constants

Lagrange's Equations

Gauss' Equations

Mean elements and averaging


Orbit perturbation analysis 

Effect of non-spherical gravity fields

Low-thrust trajectories

Atmospheric drag

Tidal and third body effects


Restricted 3-body problem with applications 

Derivation of equations of motion

Jacobi Integral, Zero-Velocity Curves, and Lagrange Points

Hill approximation

Numerical computation and analysis of orbits 



In-Class vs Remote course access:


The following items detail my plans for delivering lectures and office hours, 
accommodating any restrictions that may arise from the current pandemic crisis. If the 
campus transitions to a more restrictive stage, the course has been designed to be able 



R
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/sccr/student-conduct
/sccr/
/sccr/
/policies/covid-19-health-and-safety-policy
http://www.colorado.edu/policies/student-classroom-and-course-related-behavior
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Disability Services determines accommodations based on documented disabilities in the academic 
environment.  Information on requesting accommodations is located on the Disability Services website. 
Contact Disability Services at 303-492-8671 or dsinfo@colorado.edu for further assistance.  If you have a 
temporary medical condition, see Temporary Medical Conditions on the Disability Services website.


PREFERRED STUDENT NAMES AND PRONOUNS

CU Boulder recognizes that students' legal information doesn't always align with how they identify. 
Students may update their preferred names and pronouns via the student portal; those preferred names 
and pronouns are listed on instructors' class rosters. In the absence of such updates, the name that 
appears on the class roster is the student's legal name.


HONOR CODE

All students enrolled in a University of Colorado Boulder course are responsible for knowing and 
adhering to the Honor Code academic integrity policy. Violations of the Honor Code may 
include, but are not limited to: plagiarism, cheating, fabrication, lying, bribery, threat, 
unauthorized access to academic materials, clicker fraud, submitting the same or similar work in 
more than one course without permission from all course instructors involved, and aiding 
academic dishonesty. All incidents of academic misconduct will be reported to the Honor Code 
(honor@colorado.edu); 303-492-5550). Students found responsible for violating the academic 
integrity policy will be subject to nonacademic sanctions from the Honor Code as well as 
academic sanctions from the faculty member. Additional information regarding the Honor Code 
academic integrity policy can be found on the Honor Code website.


SEXUAL MISCONDUCT, DISCRIMINATION, HARASSMENT AND/OR RELATED 
RETALIATION

The University of Colorado Boulder (CU Boulder) is committed to fostering an inclusive and 
welcoming learning, working, and living environment. CU Boulder will not tolerate acts of sexual 
misconduct (harassment, exploitation, and assault), intimate partner violence (dating or 
domestic violence), stalking, or protected-class discrimination or harassment by or against 
members of our community. Individuals who believe they have been subject to misconduct or 
retaliatory actions for reporting a concern should contact the Office of Institutional Equity and 
Compliance (OIEC) at 303-492-2127 or email cureport@colorado.edu. Information about OIEC, 
university policies, 

/disabilityservices/
mailto:dsinfo@colorado.edu
http://www.colorado.edu/disabilityservices/students/temporary-medical-conditions
mailto:honor@colorado.edu
/osccr/honor-code
mailto:cureport@colorado.edu
/oiec/reporting-resolutions/making-report
http://www.colorado.edu/institutionalequity/
http://www.colorado.edu/institutionalequity/


RELIGIOUS HOLIDAYS

Campus policy regarding religious observances requires that faculty make every effort to deal reasonably 
and fairly with all students who, because of religious obligati

http://www.colorado.edu/policies/observance-religious-holidays-and-absences-classes-andor-exams

	Required Syllabus Statements

