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Todd Weatherford*, Associate Professor, PhD - North Carolina State University, 1993

Joseph Welch*, Lecturer, MS - Nova Southeastern University, 2001, MS - Naval Postgraduate School, 1987

Lonnie Wilson*, Research Associate Professor, PhD - University of California Los Angeles, 1973
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Overview

The Space Systems Academic Group (SSAG) is an interdisciplinary association of faculty and academic chair professors representing eight separate academic disciplines.  The SSAG has established six Chair professorships sponsored by the NRO, NASA, Navy TENCAP, Navy Space Technology Program, NNSOC, and Lockheed-Martin.  In addition, the MASINT Chair Professor supports the SSAG in areas of Measurement and Signature Intelligence (MASINT).  The Space Systems Academic Group has responsibility for the academic content of the Space Systems Operations and Space Systems Engineering curricula.  Instruction is carried out by faculty members attached to the group as well as the following academic departments; Mechanical and Astronautical Engineering, Electrical and Computer Engineering, Mathematics, Meteorology, Operations Research, Physics, Information Operations, and Systems Management.  The Space Systems Academic Group approves thesis topics for students in Space Systems Operations.   For Space Systems Engineering, the group chairman approves the final thesis in addition to the academic department granting the degree.

Group Facilities

1) Open site EMI/EMC facility

2) Satellite Ground Station facility

3) Space Warfare Computer Laboratory

4) FLTSATCOM Satellite Operations

5) Simulation and Test Laboratory

6) Spacecraft Attitude Dynamics and Control Laboratory

7) Spacecraft Environmental Simulation and Test Laboratory

8) Radiation Effects Laboratory

9) Solar Simulation Facility

10) NPS-AFRL Optical Relay Spacecraft Laboratory

11) Flash X-ray Facility

12) Electron Linear Accelerator

13) Small Satellite Test and Development Laboratory

14) Smart Structures Laboratory

15) Special Compartmented Information Facility for Classified Research and Thesis work

16) Rocket Propulsion Laboratory

Support Personnel

The Space Systems Academic Group is supported by the following personnel:

Trinh Hoang, Administrative Support 

Ronald Phelps, Spacecraft Power Engineer

David Rigmaiden, Digital and RF Communications Engineer

DEGREE REQUIREMENTS

Space Systems Operations

The Space Systems Operations students are awarded the degree Master of Science in Space Systems Operations.  A minimum of 45 quarter-hours of graduate level work of which at least 15 hours must be at the 4000 level.  Graduate courses in at least four different academic disciplines must be included and in two disciplines, a course at the 4000 level must be included.  There is also a requirement of three courses constituting advanced study in an area of specialization and an experience tour.  Each student is required to write a thesis that is space oriented.  The Chairman of the Space Systems Academic Group must approve all study programs. 

Space Systems Engineering

The Space Systems Engineering students earn a Master’s degree in one of the following academic areas: Astronautical Engineering, Computer Science, Electrical and Computer Engineering, Mechanical Engineering, or Physics.   Refer to the degree requirements in the associated departments.

SPACE SYSTEMS OPERATIONS - CURRICULUM 366
The Space Systems Operations curriculum is designed to provide officers with knowledge of military opportunities and applications in space.  Students are provided instruction about the operation, tasking and employment of space surveillance, communications, navigation and atmospheric/oceanographic/environmental sensing systems as well as payload design and integration – specifically for the exploitation of Space and Information products.

Space Systems Operations curriculum is one of the Information Superiority (IS) curricula, which encompasses several degree tracks: Computer Sciences, Joint C4I Systems, Information Systems and Technology, Information Warfare, Intelligence Information Management, Modeling, Virtual Environments and Simulation, and Space Systems Operations. The Professional Practice Core of the Information Superiority (IS) curricula consists of material in Information Sciences and Technology, Command and Control, C4ISR Systems, Acquisition, C4ISR System Evaluation, Information Operations\Warfare, and Enterprise Policy, Strategy and Change. This specialization satisfies the Information Superiority education skill requirements as established by CNO-N6.

REQUIREMENTS FOR ENTRY

This curriculum is open to officers of the U.S. Armed Forces and selected civilian employees of the U.S. Federal Government. Admission requires a baccalaureate degree with above-average grades, completion of mathematics through differential equations and integral calculus, plus at least one course in calculus-based physics. An APC of 324 is required for direct entry.  Students lacking this background may matriculate through the one-quarter Engineering Science program (Curriculum 460). A TOP SECRET security clearance is required with SPECIAL INTELLIGENCE (SI) clearance obtainable.

SPACE SYSTEMS OPERATIONS SUBSPECIALTY

Completion of this curriculum qualifies an officer as a Space Systems Operations Subspecialist with a subspecialty code of 6206P. The curriculum sponsors are OPNAV N61, Navy Space Systems Division and Naval Network Warfare Command.  The designated Subject Matter Expert is the Naval Networks and Space Operations Command.

Typical Jobs in this Subspecialty
OPNAV (N63) TENCAP Assistant

SPAWAR Space Systems Project Officer

NAVNETSPAOPSCOM Staff Officer

USSPACECOM Staff Officer

NAVSECGRUs/DETs

ENTRY DATES
The Space Systems Operations curriculum is an eight-quarter course of study with a single entry date in October. An academic refresher quarter is not normally needed for this curriculum. If further information is needed, contact the Academic Associate or Program Officer.

Curriculum 366

Program Officer:
Mark M. Rhoades 

CDR, US Navy

Code 71, Mechanical Engineering Building, Room 107

(831) 656-2492 

DSN 756-2492

e-mail: mmrhoade@nps.navy.mil
Academic Associate:
Donald Wadsworth, Senior Lecturer

Code EC/Wd, Spanagel Hall, Room 448C

(831) 656-3456, DSN 756-3456

e-mail: dwadsworth@nps.navy.mil

DEGREE
Requirements for the degree Master of Science in Space Systems Operations are met as a milestone en route to satisfying the Educational Skill Requirements of the curricular program.

TYPICAL COURSE OF STUDY FOR SPACE SYSTEMS OPERATIONS – FALL ENTRY

Quarter 1

MA1113
(4-0)
Single Variable Calculus

MA1114
(4-0)
Single Variable Calculus II with Matrix Algebra

SS3011
(3-0)
Space Technology and Applications

PH1121
(4-2)
Mechanics

SS4000
(0-1)
Seminar

Quarter 2


OS2100
(3-1)
Probability/Stats

PH1322
(4-2)
Electricity & Magnetism

SS2500
(3-2)
Orbital Mechanics

SS4000
(0-1)
Seminar

IS3502
(3-2)
Computer Networks (Navy Only)

Quarter 3

EO3516
(4-2) 
Intro to Communication Systems Engineering

PH2514
(4-0)
Space Environment

AE4830
(3-2)
Spacecraft Systems I


SS3805
(2-0)
Launch Systems

SS4000
(0-1)
Seminar

Quarter 4

EO4516
(4-2)
Communications Systems Analysis

MN3331
(5-1)
Acquisition Program Management

NW3230
(4-0)
Strategy and Policy

CS3000
(4-0)
Great Principles of Computing Technology (Navy Only)

SS4000
(0-1)
Seminar

Quarter 5

PH3052
(4-0)
Remote Sensing

SS3041
(4-0)
Space Systems & Operations 1 (SECRET)

SS3613
(3-0)
MILSATCOM System & Applications (SECRET)

AE4831
(3-2)
Spacecraft Systems 2

SS4000
(0-1)
Seminar

Quarter 6

SS3001
(3-2)
Military Applications of Space (1st Half of Quarter) (TS/SI)

SS3051
(4-0)
Space Systems & Operations 2 (1st Half of Quarter) (TS/SI)

SS0810
(0-8)
Thesis and Experience Tour (2nd Half of Quarter)

SS4000
(0-1)
Seminar

Quarter 7

SS0810
(0-8)
Thesis


SS4051
(3-2)
Military Space Systems Architecture (TS/SI)

CC3000
(3-0)
C4ISR (Navy Only)

IW3101
(4-1)
Information Operations (Navy Only)

SS4000
(0-1)
Seminar 

Quarter 8

SS0810
(0-8)
Thesis

SS0810
(0-8)
Thesis

OS3307 
(4-1)
Modeling Practices for Computing (Navy Only)

SS4000
(0-1)
Seminar

EDUCATIONAL SKILL REQUIREMENTS
INFORMATION SCIENCES, SYSTEMS AND OPERATIONS CURRICULUM
SPACE SYSTEMS OPERATIONS
CURRICULUM (366) 

Subspecialty Code 6206P – Space Systems Operations

Graduates of the Space Systems Operations Specialization of the Information Sciences, Systems, and Operations (ISSO) Curriculum shall be able to determine space systems requirements which support the following operational concepts: control of space, global engagement, full force integration, and global partnerships. The graduates shall be able to analyze courses of action for the best employment of available space assets for ongoing and future military operations and communicate this assessment to shore and afloat staffs and commanders. 

Supporting these goals are the following specific requirements. 

1. STRATEGY AND POLICY

Officers develop a graduate-level ability to think strategically, critically analyze past military campaigns, and apply historical lessons to future joint and combined operations, in order to discern the relationship between a nation's policies and goals and the ways military power may be used to achieve them. Fulfilled by completing the first of the Naval War College course series leading to Service Intermediate-level Professional Military Education (PME) and Phase I Joint PME credit.

2. SPACE SUPPORT FOR MILITARY OPERATIONS 

a. Understand the operational requirements and limitations of current and future Space Systems (SI and GENSER) used by DoD, including MILSATCOM (e.g. FLTSATCOM, UFO, DSCS, MILSTAR, GBS, IBS), Commercial Space Systems (e.g. INMARSAT, Challenge Athena, Iridium, ICO, Globalstar, Teledesic), Mobile User Objective System, GPS, Meteorological Systems, Space Surveillance Network (including the Navy Space Surveillance System), National Technical Means, space-based warning systems, and other nations' systems. 

b. Understand the Navy's role in the development, operation and use of current and future Space Systems (SI and GENSER) used by DoD, including MILSATCOM (e.g. FLTSATCOM, UFO, DSCS, MILSTAR, GBS, IBS,), Commercial Space Systems (e.g. INMARSAT, Challenge Athena, Iridium ICO, Globalstar, Teledesic), Mobile User Objective System, GPS, Meteorological Systems, Space Surveillance Network (including the Navy Space Surveillance System), National Technical Means, space-based warning systems, and other nations' systems. 

c. Understand the nature of space warfare (theory, history, doctrine, and policy) to include options for space control, global engagement, and full force integration. 

d. Understand the intelligence collection and analysis processes with respect to space systems, and how warfighters access information derived from these sources. 

e. Understand doctrine and operational concepts (e.g. United States Space Command's "Long Range Plan") and be able to contribute to the development of space tactics which enhance or support military operations. 

f. Be able to develop and assess a course of action (COA) for best utilization of space systems. Be able to develop the space systems component of OPLANS (e.g. Annex N and Annex K).

3. ACQUISITION MANAGEMENT 

a. Understand DoD System Acquisition methods and procedures to include the Planning, Programming, Budgeting System (PPBS). 

b. Understand the organizational responsibilities and relationships (e.g. Congress, DoD, Services; Resource Sponsor, Systems Commands, Operating Forces, as they pertain to the acquisition of systems for Naval uses).

4. ANALYSIS, SYNTHESIS AND EVALUATION 

a. Be able to derive, assess, and articulate cost-effective requirements for the operational use of space systems to meet C3I/IO requirements, using modeling and simulation, field and laboratory experiments, and other quantitative and qualitative methods as they pertain to the Federal and DoD Acquisition System. 

b. Be able to perform business case (economic) and trade-off analyses for commercial and DoD Systems.

5. ORBITAL MECHANICS, SPACE ENVIRONMENT AND REMOTE SENSING 

a. Understand the basic physics of orbital motion, the parameters used in the description of orbits and their ground tracks. Understand the design of orbits, how they are achieved, maintained, and controlled including the design of constellations and how spacecraft are maneuvered and repositioned. Understand causes of various orbital perturbations. Understand the relationships of orbits to mission requirements, including the advantages and disadvantages of various orbits. 

b. Understand the natural and induced environment of space including solar activity, geomagnetic and magnetospheric phenomena, physics of the ionosphere and upper atmosphere and their response to natural and artificial disturbances. 

c. Understand the principles of active and passive sensors used in current and future spacecraft for sensing through the atmosphere. Understand the effects of the space environment and countermeasures on sensor performance. 

d. Understand the tradeoffs among various sensor techniques, including area of coverage, resolution, processing, and power requirements.

6. COMMUNICATIONS 

a. Understand the basic principles of communications systems engineering including the space and ground segments and the network architecture. Understand digital and analog communications architecture design, including frequency reuse, multiple access, link design, repeater architecture, waveforms and protocols applications (including coding, modulation, interleaving, pulse shaping, multiplexing and encryption), and propagation media (including wire, fiber, and radio) Understand current and future communications systems used or planned by Naval operating forces afloat and ashore. Understand how space systems are used to meet warfighters communications requirements. 

b. Be able to articulate from the warfighter's perspective the advantages and disadvantages of various frequencies used by DoD for communications across the frequency spectrum. Understand the national and international issues involving use of the frequency spectrum. 

c. Understand current and future MILSATCOM bandwidth allocation processes. 

d. Understand the nature of the rapid evolution in commercial satellite communications systems and be able to articulate potential uses to satisfy DoD Information Operations requirements.

7. ARCHITECTING MILITARY SPACE MISSIONS 

a. Understand the basic principles of architecting a complex military space mission, the life cycle process by which a space system is conceived, structured, designed, built, tested, certified and operated in a way that ensures its integrity and performance. Be able to formulate a consistent set of principles and techniques to be followed throughout all phases of the architecting process. 

b. Understand the systems design of a spacecraft that includes its various subsystems: propulsion, structure, thermal, attitude determination and control; electrical power, and telemetry, tracking and command; and their integration. An appreciation of the key interactions between the various subsystems and their effects on performance requirements. An understanding of the system design criteria from stated performance requirements, and the trade-offs between payload and other spacecraft subsystems. 

c. Understand the basic principles of launch vehicle performance; launch environment, launch windows, and their role in military operations. Understand the differences between the various classes of current and future launch systems including the upper stages. An appreciation of the various business issues involved (e.g.: pricing, insurance, policy) in the selection of the launch vehicle. Be familiar with the issues of integrating a spacecraft with a launch vehicle. Perform a trade-off analysis in the selection of the launch vehicle. 

d. Understand the application of the principles of systems engineering to a space project from the needs assessment phase to the final operations cycle. Be able to apply the tools of project management (e.g. scheduling, costing, budgeting, planning, resource negotiation, risk management) to a space project. An appreciation of the review process from the systems requirements review to the critical design review. A familiarity with typical spacecraft testing: electromagnetic compatibility tests, vibration and thermal tests, functional tests, deployments tests, alignment tests, inertia determination tests and comprehensive system tests. Understand the necessity to ensure the integrity, workmanship, and performance of the spacecraft. 

e. Understand the basic elements of mission operations: command the spacecraft, manage payloads, resolve anomalies, schedule ground station support, design failure workarounds, plan orbit maneuvers, and link users and operators. 

f. Be able to develop a concept of operations for a space system.

8. ADVANCED CONCEPTS AND TECHNOLOGIES IN SPACE SYSTEMS 

a. Understand the future of military space vis-à-vis the requirements stemming from information superiority. 

b. Understand the future concepts of operations (e.g., Spacecast 2020) published by various DoD organizations based on an understanding of the emerging technologies and their impact on military space. 

c. Develop an understanding of the advanced concepts in military space such as the space plane technology program, the space refueler, etc.

ESRs approved by 

Director, Navy Space Systems Division (N-61) 
May 1999

SPACE SYSTEMS ENGINEERING - CURRICULUM 591
The Space Systems Engineering program provides officers, through graduate education, with a comprehensive scientific and technical knowledge of military and Navy space systems. This curriculum is designed to equip officers with the theoretical and practical skills required to design and integrate military space payloads with other spacecraft subsystems. Graduates will be prepared by their education to design, develop and manage the acquisition of space communications, navigation, surveillance, electronic warfare and environmental sensing systems.

REQUIREMENTS FOR ENTRY

A baccalaureate degree, or its equivalent, in engineering or the physical sciences is preferred. An APC of 323 is required for direct entry. The Engineering Science program (Curriculum 460) is available for candidates who do not meet all admission requirements. The additional time required will vary with the candidate’s background. For those undertaking the electrical engineering program, the officer will have earned the equivalent of an accredited BSEE. A TOP SECRET security clearance is required with SPECIAL INTELLIGENCE (SI) clearance obtainable for all students. 

SPACE SYSTEMS ENGINEERING SUBSPECIALTY

Completion of this curriculum qualifies an officer as a Space Systems Engineering Specialist with a subspecialty code of 5500P. The curriculum Subject Matter Expert is the Space and Naval Warfare Space Field Activity. The curriculum sponsor is NAVSEA and the designated Subject Matter Expert is the SPAWAR Space Field Activity.  

Typical Jobs in this Subspecialty:

LT level


Project Engineer: SPAWAR


Communications Engineer: NAVSOC


Fleet Information Warfare Center: Little Creek, Va

LCDR - CDR level


Assistant Project Management: SPAWAR


Joint Interoperability Division D6: DISA


Space Warfare Center: USSPACECOM, Colorado Springs


NCCOSC RDTE: San Diego


SPAWAR Space Field Activity

ENTRY DATES

Space Systems Engineering is a nine-quarter course of study with an entry date in October. Those requiring the one‑quarter Engineering Science curriculum will have their time of arrival adjusted to accommodate it. If further information is needed, contact the Academic Associate or the Program Officer.

Curriculum 591

Program Officer:
Mark M. Rhoades 

CDR, USN

Code 71, Mechanical Engineering Building, Room 107

(831) 656-2492 

DSN 756-2492

e-mail: mmrhoade@nps.navy.mil
Academic Associate:

Mike Ross, Professor

Code MAE/, Room 234

(831) 656-2074, DSN 756-2074

e-mail: imross@nps.navy.mil

DEGREE
Requirements for one of five technical degrees are met as a milestone en route to satisfying the Educational Skill Requirements of this curricular program. The possible degrees are: Master of Science in Astronautical Engineering, Physics, Electrical Engineering, Computer Science or Mechanical Engineering.  Required classes vary by degree.  The placement of these required classes in the course of study shown below is indicated as Degree Specialization Electives.

TYPICAL COURSE OF STUDY FOR SPACE SYSTEMS ENGINEERING - FALL ENTRY
Quarter 1
MA2121
(4-0)
Differential Equations

AE2440
(3-2)
Intro to Digital Computation

EC2820
(3-2)
Digital Logic Circuits

AE2820
(3-2)
Introduction to Spacecraft Structures

SS4000
(0-1)
Space Systems Seminars and Field Trips

Quarter 2

PH2514
(4-0)
Introduction to Space Environment

SS2500
(4-0)
Orbital Mechanics

MA3046
(4-1)
Matrix Analysis

EC2300
(3-2)
Control Systems

SS4000
(0-1)
Space Systems Seminars and Field Trips

Quarter 3

AE3815
(3-2)
Introduction to Spacecraft Dynamics

EO2525
(4-1)
Analysis of Signals for Communications

SS3525
(3-2)
Air/Ocean Remote Sensing for Interdisciplinary Curricula

SS9999
(4-0)
Degree Specialization Elective

SS4000
(0-1)
Space Systems Seminars and Field Trips

Quarter 4

AE3851
(3-2)
Spacecraft Propulsion

EO3525
(4-1)
Communications Engineering

AE3804
(3-0)
Thermal Control of Spacecraft

SS9999
(4-0)
Degree Specialization Elective

SS4000
(0-1)
Space Systems Seminars and Field Trips

Quarter 5
AE3818
(3-2)
Spacecraft Attitude, Dynamics and Control

PH3360
(4-1)
Electromagnetic Waves Propagation

SS9999
(4-0)
Degree Specialization Elective

SS9999
(4-0)
Degree Specialization Elective

SS4000
(0-1)
Space Systems Seminars and Field Trips

Quarter 6
AE3870
(2-2)
Spacecraft Design Tools


EC3230
(3-1)
Space Power and Radiation Effects

SS3001
(3-2)
Military Applications of Space

SS0810
(0-8)
Thesis Research and Experience Tour

Quarter 7
AE4870
(4-0)
Spacecraft Design and Integration

EO3535
(3-2)
Spacecraft Communication Engineering

SS3035
(3-2)
Microprocessors for Space Applications 

SS9999
(4-0)
Degree Specialization Elective

SS4000
(0-1)
Space Systems Seminars 

Quarter 8
AE4871
(2-2)
Spacecraft Design and Integration II

SS9999
(4-0)
Degree Specialization Elective

SS9999
(4-0)
Degree Specialization Elective

SS0810
(0-8)
Thesis Research

SS4000
(0-1)
Space Systems Seminars

Quarter 9
MN3331
(5-1) 
Systems Acquisition and Program Management

SS0810
(0-8)
Thesis Research 

SS9999
(4-0)
Degree Specialization Elective 

SS4000
(0-1)
Space Systems Seminars 

EDUCATIONAL SKILL REQUIREMENTS 
SPACE SYSTEMS ENGINEERING 
CURRICULUM (591)
Subspecialty Code 5500P – Space Systems Engineering


1. STRATEGY AND POLICY: Officers develop a graduate-level ability to think strategically, critically analyze past military campaigns, and apply historical lessons to future joint and combined operations, in order to discern the relationship between a nation's policies and goals and the ways military power may be used to achieve them. Fulfilled by completing the first of the Naval War College course series leading to Service Intermediate-level Professional Military Education (PME) and Phase I Joint PME credit. 

2. ORBITAL MECHANICS AND SPACE ENVIRONMENT: An understanding of the basic physics of orbital motion, the parameters used in the description of orbits and their ground tracks and how orbits are achieved. Demonstrate an understanding of perturbations due to nonspherical earth and due to atmospheric drag. 

An understanding of the natural and induced environment of space including solar activity, geomagnetic and magnetospheric phenomena, physics of the ionosphere and upper atmosphere and their response to natural and artificial disturbances. 

An understanding of the principles of active and passive sensors used in spacecraft for sensing through the atmosphere. Knowledge of the effects of the space environment and countermeasures on sensor performance. An understanding of tradeoffs among various sensor techniques, including area of coverage, resolution, processing, and power requirements. 

3. SPACECRAFT: Communications and Signal Processing An understanding of signal processing techniques, both digital and analog, as applied to spacecraft communications, surveillance, and SEW. 

4. COMPUTERS: HARDWARE AND SOFTWARE: A programming skill in at least one current high-level  computer programming language, such as ADA, PASCAL or FORTRAN. 

An understanding of the fundamentals of digital logic and digital system design. An ability to design simple digital computer subsystems. 

Knowledge of a current computer architecture, such as one of the common 16-bit or 32-bit micro-processor systems. Understanding of the ways in which computers are used in complex systems such as guidance, signal processing, communications and control systems. 

5. SPACECRAFT GUIDANCE AND CONTROL: An understanding of the field of attitude dynamics and control which includes: Classical Newtonian Dynamics, 3 axis attitude stabilization, dual spin stabilization, nutation damping control; momentum wheels, gravity gradient booms, attitude beam pointing accuracy and thrust vector control. Knowledge of minimum fuel and time type control systems. 

6. SPACECRAFT STRUCTURES, MATERIALS AND DYNAMICS: An understanding of the engineering of space structures including simplified sizing calculation and analytical modeling of advanced materials which can be incorporated in system design and integration. 

An ability to apply reliability and maintainability to testing, evaluation, and manufacturing which can be used to predict the functional dependability of spacecraft structures. 

7. PROPULSION SYSTEMS: An understanding of the operating principles of current and proposed propulsion devices for space applications; including launch, orbit changing and maneuvering engines. 

An understanding of the interaction between mission requirements and propulsion requirements. 

8. SPACECRAFT THERMAL CONTROL AND POWER : An understanding of the principles of heat transfer by radiation and of the variations in the radiative properties of surfaces with respect to wavelength and temperature. 

A knowledge of the sources of heat in space (solar, terrestrial, reflected solar, internal vehicle generation) and their variation as a function of vehicle orbit. 

A knowledge of the major power generating systems for spacecraft and their operating characteristics, including the performance of photovoltaic sources in the natural and artificial radiation environment. An understanding of the role of energy storage devices in power systems design. 

9. SPACECRAFT DESIGN AND INTEGRATION: An understanding of the principles of space systems design, integration, and systems engineering, and their application to an overall spacecraft/mission. Consideration will be given to life cycle costs, performance, maintainability, reliability, configuration control and systems integration. 

An appreciation of system design criteria from stated performance requirements, trade-offs between payload and other spacecraft subsystems, and a familiarity with test and evaluation procedures will be included. 

10. MILITARY OPERATIONS IN SPACE: An appreciation of space weapons, space support to Fleet tactical operations, space defense and warfare; including options available to protect space assets and to deny the use of space to others. A familiarity with the role, responsibilities and relationships of national and Joint DoD organizations in establishing policies, priorities, and requirements for space systems; and in the design, acquisition and operation of spacecraft and supporting ground systems. An understanding of the capabilities and use of space systems to enable and support Joint air, land, and sea military operations. 

11. PROJECT MANAGEMENT: An understanding of project management and defense system acquisition methods and procedures to include organizational responsibilities and relationships, contract management, financial management and control and the Planning, Programming and Budgeting System (PPBS). 

12. CONDUCT AND REPORT INDEPENDENT RESEARCH: The ability to conduct independent research on a space systems problem, to resolve the problem, and to present the results of the analysis in both written and oral form. 

ESRs approved by 

Director, Navy Space Systems Division (N-61) 
May 1999



SPACE SYSTEMS COURSE DESCRIPTIONS

SS0810  THESIS RESEARCH ( 0 - 8 ). 
Every student conducting thesis research enrolls in this course. 

SS2500  ORBITAL MECHANICS ( 3 - 2 ). 
Fundamentals: conic sections, coordinate systems and transformations, time. The two-body problem: Newton’s laws and their solution, Kepler’s equation. Orbital maneuvering. Orbit determination. Perturbations. Mission design. 

SS3001  MILITARY APPLICATIONS OF SPACE ( 3 - 2 ). 
Space Systems and technologies of interest to the military. Strategic and tactical imagery and SIGINT requirements. Tasking and use of national space systems and ground support elements. Vulnerability considerations and impact of current R&D programs. PREREQUISITES: SS2500, Fourier analysis and TOP SECRET clearance with SI/SAO. 

SS3011  SPACE TECHNOLOGY AND APPLICATIONS ( 3 - 0 ). 
An introduction to space mission analysis with an emphasis on those space missions supporting military operations. Topics include space history, doctrine and organizations, orbital mechanics, communication link analysis, space environment, spacecraft technology, and military, civil and commercial space systems. 

SS3035  MICROPROCESSORS FOR SPACE APPLICATIONS ( 3 - 2 ). 
An introduction to microprocessors at the hardware/software interface. Machine language programming, assembly language programming, I/O systems and interfacing, and operating systems. PREREQUISITE: EC2820. 

SS3041  SPACE SYSTEMS AND OPERATIONS I ( 4 - 2 ). 
Space systems mission analysis and design. Mission characterization, mission evaluation, requirements determination, cost analysis and estimating, cost and operational effectiveness analysis.  SECRET clearance. 

SS3051  SPACE SYSTEMS AND OPERATIONS II ( 4 - 0 ). 
This course covers the theory, applications and policy of selected military space systems. Topics include space-based navigation, warning and weather, satellite command and control and space surveillance. Additional topics include space threats, tactics, ground application tools and developing a space annex for an operations plan. PREREQUISITES: SS2500, SS3011, SECRET clearance, U.S. Citizen. 

SS3525  AIR/OCEAN REMOTE SENSING FOR INTERDISCIPLINARY CURRICULA ( 3 - 2 ).    Principles of radiative transfer and satellite sensors, and methods used to measure the atmosphere and ocean; visual, infrared and microwave radiometry, and radar systems. Laboratory sessions illustrate lecture concepts using interactive displays of satellite data. Course designed for Space Systems Operations, Space Systems Engineering, Undersea Warfare, Underwater Acoustics and other interdisciplinary curricula. PREREQUISITES: Undergraduate physics, and differential/integral calculus and ordinary differential equations, or consent of instructor. 

SS3613  MILITARY SATELLITE COMMUNICATIONS ( 3 - 0 ). 
MILSATCOM mission analysis, systems design, and applications. This course will cover requirements, tactical employment, system architectures, satellite design and performance, terminal design and performance, associated information systems, link budget calculations, telemetry and control and IO/IW implications. The student will be expected to create SATCOM solutions for Navy and Marine Corps scenarios. PREREQUISITES: PH2514, SS2500, SS3011, EO3516, or consent of instructor. U.S. Citizen, SECRET clearance. 

SS3805  LAUNCH VEHICLE PERFORMANCE AND SELECTION ( 2 - 0 ). 
An introduction to the performance and selection of launch vehicles. Launch profile and basic terminology (GLOW, mass ratio, injected weight, etc.).  Ascent and payload delivery performance. Launch windows, Upper stage selection. Introduction to family of expendables (Delta, Atlas, etc.). Future launch systems. PREREQUISITES: MA1113/1114, SS2500 and SS3011. 

SS3900  SPECIAL TOPICS IN SPACE SYSTEMS (Variable hours 1-0 to 5-0.) ( V - 0 ). 
Directed study either experimental or theoretical in nature. PREREQUISITE: Consent of Chairman of Space Systems Academic Group and instructor. May be taken on Pass/Fail basis if the student has requested so at the time of enrollment. 

SS4000  SPACE SYSTEMS SEMINARS AND FIELD TRIPS ( 0 - 1 ). 
Seminars consist of lectures to provide perspective on Space Systems. Field trips expose the student to various space activities such as industry, NASA and DoD laboratories and commands. 

SS4051  MILITARY SPACE SYSTEMS AND ARCHITECTURES ( 3 - 2 ). 
This course covers the system level architectural design of selected Space Systems. Emphasis is on a balanced design of all seven components of space systems: space segment, launch segment, ground segment, mission operations, C3 architecture, subject, and orbit and constellation. PREREQUISITES: SS3051 and SS3001. TOP SECRET clearance with SI/SAO. 

SS4900  ADVANCED STUDY IN SPACE SYSTEMS (Variable hours 1-0 to 5-0.) ( V - 0 ). 
Directed graduate study based on journal literature, experimental projects, or other sources. PREREQUISITE: Consent of Chairman of Space Systems Academic Group and instructor. May be taken on Pass/Fail basis if the student has requested so at the time of enrollment. 
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