
MIT AERONAUTICS AND 
ASTRONAUTICS: Year 1, Semester 1 

Advanced Aerospace Engineering Fundamentals 

FIRST SEMESTER (Weeks 1-15): Fall Term 

Week 1: Introduction to Aerospace Engineering and 
Mathematical Foundations 

Monday: Program Orientation and Aerospace Overview 

Morning (4 hours): 

●​ Graduate program introduction and expectations 
●​ History and evolution of aerospace engineering 
●​ Current challenges in aerospace: sustainability, space exploration, urban air mobility 
●​ Research opportunities and faculty introductions 

Afternoon (4 hours): 

●​ Tour of aerospace facilities and laboratories 
●​ Wind tunnel, propulsion lab, and structural testing facilities 
●​ Introduction to computational resources and software 
●​ Team formation and academic planning 

Tuesday: Advanced Mathematics I - Vector Calculus and Tensor Analysis 

Morning (4 hours): 

●​ Vector calculus review and advanced applications 
●​ Tensor notation and operations 
●​ Coordinate transformations 
●​ Differential geometry for aerospace applications 

Afternoon (4 hours): 

●​ Problem-solving workshop: vector and tensor calculus 
●​ Applications in fluid mechanics and structural analysis 
●​ MATLAB/Python computational exercises 
●​ Mathematical software introduction 

Wednesday: Fluid Mechanics Fundamentals 



Morning (4 hours): 

●​ Continuum hypothesis and fluid properties 
●​ Conservation laws: mass, momentum, energy 
●​ Euler and Navier-Stokes equations 
●​ Dimensional analysis and similarity 

Afternoon (4 hours): 

●​ Laboratory: Fluid property measurements 
●​ Flow visualization demonstrations 
●​ Problem-solving workshop 
●​ Introduction to CFD concepts 

Thursday: Structural Mechanics Fundamentals 

Morning (4 hours): 

●​ Stress and strain tensors 
●​ Constitutive relations for aerospace materials 
●​ Equilibrium equations 
●​ Linear elasticity theory 

Afternoon (4 hours): 

●​ Laboratory: Material testing and characterization 
●​ Stress analysis using computational tools 
●​ Problem-solving workshop 
●​ Introduction to FEA concepts 

Friday: Aerospace Systems Overview 

Morning (4 hours): 

●​ Aircraft and spacecraft systems architecture 
●​ Mission requirements and design constraints 
●​ Systems engineering approach 
●​ Multidisciplinary design optimization introduction 

Afternoon (4 hours): 

●​ Case studies: commercial aircraft, satellites, launch vehicles 
●​ Team design exercise 
●​ Project planning and management 
●​ Week 1 review and assessment preparation 

Assessment for Week 1: 

●​ Mathematical proficiency diagnostic (ungraded) 
●​ Fluid mechanics problem set (10%) 



●​ Structural mechanics exercises (10%) 
●​ System analysis case study (5%) 

Reading Materials: 

●​ "Introduction to Flight" by John Anderson (selected chapters, available online) 
●​ "Vector Calculus" by MIT OpenCourseWare 
●​ "Fluid Mechanics" by Frank White (open access version) 
●​ "Mechanics of Materials" by MIT OCW 
●​ "Systems Engineering" by NASA Systems Engineering Handbook 

 

Week 2: Mathematical Methods and Aerodynamics 
Introduction 

Monday: Advanced Mathematics II - Partial Differential Equations 

Morning (4 hours): 

●​ Classification of PDEs 
●​ Separation of variables 
●​ Method of characteristics 
●​ Green's functions 

Afternoon (4 hours): 

●​ Applications to aerospace engineering problems 
●​ Heat conduction in aerospace structures 
●​ Wave propagation 
●​ Computational solution methods 

Tuesday: Introduction to Aerodynamics 

Morning (4 hours): 

●​ Inviscid flow theory 
●​ Potential flow and stream functions 
●​ Circulation and lift generation 
●​ Kutta condition 

Afternoon (4 hours): 

●​ Laboratory: Airfoil pressure measurements 
●​ Flow around cylinders and airfoils 
●​ Computational airfoil analysis 
●​ Wind tunnel testing introduction 



Wednesday: Structural Analysis Methods 

Morning (4 hours): 

●​ Energy methods in structural analysis 
●​ Virtual work and principle of minimum potential energy 
●​ Rayleigh-Ritz method 
●​ Finite element method introduction 

Afternoon (4 hours): 

●​ Structural analysis laboratory 
●​ Beam and frame analysis 
●​ Introduction to ANSYS/NASTRAN 
●​ Problem-solving workshop 

Thursday: Thermodynamics for Aerospace 

Morning (4 hours): 

●​ Thermodynamic properties of gases 
●​ Perfect gas relations 
●​ Thermodynamic processes 
●​ Property tables and equations of state 

Afternoon (4 hours): 

●​ Gas property measurements laboratory 
●​ Thermodynamic cycle analysis 
●​ Applications to propulsion systems 
●​ Problem-solving workshop 

Friday: Computational Methods I 

Morning (4 hours): 

●​ Numerical methods for aerospace applications 
●​ Finite difference methods 
●​ Root finding and optimization 
●​ Matrix operations and linear systems 

Afternoon (4 hours): 

●​ Programming laboratory: MATLAB/Python 
●​ Numerical solution of aerospace problems 
●​ Data visualization and analysis 
●​ Week 2 review and preparation 

Assessment for Week 2: 



●​ PDE solution methods assignment (15%) 
●​ Aerodynamics problem set (15%) 
●​ Structural analysis project (15%) 
●​ Thermodynamics calculations (10%) 
●​ Computational methods programming (10%) 

Reading Materials: 

●​ "Partial Differential Equations" by MIT OpenCourseWare 
●​ "Fundamentals of Aerodynamics" by John Anderson (open chapters) 
●​ "Structural Analysis" by MIT OCW 
●​ "Thermodynamics: An Engineering Approach" (open access) 
●​ "Numerical Methods for Engineers" by Chapra (available online) 

 

Week 3: Advanced Fluid Mechanics and Structural 
Dynamics 

Monday: Viscous Flow Theory 

Morning (4 hours): 

●​ Boundary layer theory 
●​ Laminar and turbulent boundary layers 
●​ Boundary layer equations and solutions 
●​ Flow separation and control 

Afternoon (4 hours): 

●​ Boundary layer laboratory 
●​ Hot-wire anemometry 
●​ Flow visualization techniques 
●​ Computational boundary layer analysis 

Tuesday: Airfoil and Wing Theory 

Morning (4 hours): 

●​ Thin airfoil theory 
●​ Finite wing theory 
●​ Lifting line theory 
●​ Induced drag and efficiency 

Afternoon (4 hours): 

●​ Wing design workshop 
●​ Airfoil selection and analysis 



●​ Computational wing analysis 
●​ Wind tunnel wing testing 

Wednesday: Structural Dynamics 

Morning (4 hours): 

●​ Single degree of freedom systems 
●​ Free and forced vibrations 
●​ Damping mechanisms 
●​ Frequency response analysis 

Afternoon (4 hours): 

●​ Vibration testing laboratory 
●​ Modal analysis introduction 
●​ Experimental modal analysis 
●​ Vibration control methods 

Thursday: Materials Science for Aerospace 

Morning (4 hours): 

●​ Aerospace material requirements 
●​ Aluminum alloys and titanium 
●​ Composite materials introduction 
●​ Material selection criteria 

Afternoon (4 hours): 

●​ Materials characterization laboratory 
●​ Mechanical testing methods 
●​ Failure analysis 
●​ Advanced material systems 

Friday: Aerospace Design Process 

Morning (4 hours): 

●​ Design methodology and process 
●​ Requirements definition 
●​ Conceptual design methods 
●​ Trade studies and decision making 

Afternoon (4 hours): 

●​ Design workshop: aircraft configuration 
●​ Preliminary sizing methods 
●​ Design optimization introduction 



●​ Team design exercise 

Assessment for Week 3: 

●​ Boundary layer analysis project (15%) 
●​ Wing theory calculations (15%) 
●​ Structural dynamics problems (15%) 
●​ Materials selection assignment (10%) 
●​ Conceptual design exercise (10%) 

Reading Materials: 

●​ "Boundary Layer Theory" by Schlichting (selected sections) 
●​ "Introduction to Flight" by Anderson (wing theory chapters) 
●​ "Mechanical Vibrations" by Rao (open access) 
●​ "Aerospace Materials" by NASA Technical Reports 
●​ "Aircraft Design: A Conceptual Approach" by Raymer (excerpts) 

 

Week 4: Compressible Flow and Propulsion 
Fundamentals 

Monday: Compressible Flow Theory I 

Morning (4 hours): 

●​ Speed of sound and Mach number 
●​ Isentropic flow relations 
●​ Normal shock waves 
●​ Oblique shock waves 

Afternoon (4 hours): 

●​ Shock tube laboratory 
●​ Compressible flow measurements 
●​ Schlieren flow visualization 
●​ Computational shock analysis 

Tuesday: Compressible Flow Theory II 

Morning (4 hours): 

●​ Expansion waves (Prandtl-Meyer) 
●​ Fanno flow 
●​ Rayleigh flow 
●​ Nozzle design and analysis 



Afternoon (4 hours): 

●​ Supersonic wind tunnel operation 
●​ Nozzle flow experiments 
●​ Flow quality measurements 
●​ Computational nozzle design 

Wednesday: Propulsion System Fundamentals 

Morning (4 hours): 

●​ Thermodynamic cycle analysis 
●​ Turbojet engine components 
●​ Performance parameters 
●​ Off-design performance 

Afternoon (4 hours): 

●​ Engine performance laboratory 
●​ Turbomachinery fundamentals 
●​ Compressor and turbine analysis 
●​ Propulsion system integration 

Thursday: Orbital Mechanics I 

Morning (4 hours): 

●​ Two-body problem 
●​ Kepler's laws and orbital elements 
●​ Orbital energy and velocity 
●​ Transfer orbits 

Afternoon (4 hours): 

●​ Orbital mechanics laboratory 
●​ Satellite tracking and analysis 
●​ Mission planning software 
●​ Trajectory optimization 

Friday: Control Systems Fundamentals 

Morning (4 hours): 

●​ Linear systems theory 
●​ Transfer functions and block diagrams 
●​ Time and frequency response 
●​ Stability analysis 

Afternoon (4 hours): 



●​ Control systems laboratory 
●​ Feedback control design 
●​ Aircraft stability and control 
●​ Simulation and testing 

Assessment for Week 4: 

●​ Compressible flow analysis project (20%) 
●​ Propulsion cycle analysis (15%) 
●​ Orbital mechanics problems (15%) 
●​ Control systems design (15%) 
●​ Laboratory reports (10%) 

Reading Materials: 

●​ "Compressible Fluid Flow" by Yahya (open access) 
●​ "Gas Turbine Theory" by Cohen (selected chapters) 
●​ "Fundamentals of Astrodynamics" by Bate (available online) 
●​ "Modern Control Engineering" by Ogata (excerpts) 
●​ NASA Technical Reports on Propulsion 

 

Week 5: Advanced Structural Analysis and Spacecraft 
Systems 

Monday: Advanced Structural Analysis 

Morning (4 hours): 

●​ Plate and shell theory 
●​ Stability and buckling analysis 
●​ Nonlinear structural analysis 
●​ Failure criteria for aerospace structures 

Afternoon (4 hours): 

●​ Structural testing laboratory 
●​ Buckling experiments 
●​ Nonlinear FEA analysis 
●​ Composite structure testing 

Tuesday: Spacecraft Structures and Thermal Systems 

Morning (4 hours): 

●​ Spacecraft structural requirements 
●​ Launch loads and environments 



●​ Thermal analysis and control 
●​ Deployable structures 

Afternoon (4 hours): 

●​ Spacecraft thermal laboratory 
●​ Thermal modeling and simulation 
●​ Thermal protection systems 
●​ Environmental testing 

Wednesday: Flight Mechanics 

Morning (4 hours): 

●​ Aircraft performance analysis 
●​ Climb, cruise, and descent 
●​ Range and endurance 
●​ Takeoff and landing performance 

Afternoon (4 hours): 

●​ Flight simulation laboratory 
●​ Performance calculation tools 
●​ Flight test data analysis 
●​ Mission planning exercises 

Thursday: Rocket Propulsion 

Morning (4 hours): 

●​ Chemical rocket fundamentals 
●​ Nozzle theory and design 
●​ Combustion chamber analysis 
●​ Performance calculations 

Afternoon (4 hours): 

●​ Rocket propulsion laboratory 
●​ Solid and liquid propellant systems 
●​ Combustion analysis 
●​ Performance testing 

Friday: Systems Integration 

Morning (4 hours): 

●​ Multidisciplinary analysis 
●​ Design sensitivity and optimization 
●​ System-level trade studies 



●​ Integrated design environment 

Afternoon (4 hours): 

●​ Integration workshop 
●​ Multidisciplinary optimization tools 
●​ Case study: aircraft design 
●​ Team integration exercise 

Assessment for Week 5: 

●​ Advanced structural analysis project (20%) 
●​ Spacecraft thermal analysis (15%) 
●​ Flight performance calculations (15%) 
●​ Rocket design assignment (15%) 
●​ Systems integration case study (10%) 

Reading Materials: 

●​ "Theory of Plates and Shells" by Timoshenko (selected sections) 
●​ "Spacecraft Thermal Control" by Gilmore (NASA handbook) 
●​ "Introduction to Flight" by Anderson (performance chapters) 
●​ "Rocket Propulsion Elements" by Sutton (excerpts) 
●​ "Multidisciplinary Design Optimization" by Martins and Ning 

 

Week 6: Computational Fluid Dynamics and Advanced 
Mathematics 

Monday: CFD Fundamentals I 

Morning (4 hours): 

●​ Governing equations for CFD 
●​ Finite difference methods 
●​ Finite volume methods 
●​ Grid generation 

Afternoon (4 hours): 

●​ CFD laboratory: basic simulations 
●​ Grid quality and convergence 
●​ Boundary condition implementation 
●​ Verification and validation 

Tuesday: CFD Fundamentals II 



Morning (4 hours): 

●​ Turbulence modeling 
●​ RANS equations 
●​ Large Eddy Simulation (LES) 
●​ Direct Numerical Simulation (DNS) 

Afternoon (4 hours): 

●​ Advanced CFD simulations 
●​ Turbulent flow analysis 
●​ Heat transfer simulations 
●​ Multiphase flow introduction 

Wednesday: Advanced Mathematics III - Complex Analysis 

Morning (4 hours): 

●​ Complex variables and functions 
●​ Conformal mapping 
●​ Potential flow applications 
●​ Residue theory 

Afternoon (4 hours): 

●​ Applications to aerodynamics 
●​ Airfoil design using conformal mapping 
●​ Computational complex analysis 
●​ Problem-solving workshop 

Thursday: Experimental Methods 

Morning (4 hours): 

●​ Measurement principles and uncertainty 
●​ Pressure, temperature, and velocity measurements 
●​ Data acquisition systems 
●​ Experimental design 

Afternoon (4 hours): 

●​ Instrumentation laboratory 
●​ Calibration procedures 
●​ Data analysis techniques 
●​ Error propagation 

Friday: Optimization Methods 

Morning (4 hours): 



●​ Optimization theory 
●​ Gradient-based methods 
●​ Evolutionary algorithms 
●​ Multiobjective optimization 

Afternoon (4 hours): 

●​ Optimization laboratory 
●​ Aerospace design optimization 
●​ Software tools and applications 
●​ Optimization case studies 

Assessment for Week 6: 

●​ CFD simulation project (20%) 
●​ Complex analysis assignment (15%) 
●​ Experimental design project (15%) 
●​ Optimization implementation (15%) 
●​ Laboratory reports (10%) 

Reading Materials: 

●​ "Computational Fluid Dynamics" by Anderson (open chapters) 
●​ "Complex Variables and Applications" by Churchill 
●​ "Measurement and Data Analysis for Engineering" by Coleman 
●​ "Engineering Optimization" by Rao (selected chapters) 
●​ OpenFOAM User Guide and Tutorials 

 

Week 7: Composite Materials and Advanced Propulsion 

Monday: Composite Materials and Structures 

Morning (4 hours): 

●​ Fiber-reinforced composites 
●​ Micromechanics and macromechanics 
●​ Laminate theory 
●​ Failure analysis of composites 

Afternoon (4 hours): 

●​ Composite materials laboratory 
●​ Manufacturing processes 
●​ Testing and characterization 
●​ Design with composites 



Tuesday: Advanced Propulsion Systems 

Morning (4 hours): 

●​ Turbofan and turboprop engines 
●​ Ramjet and scramjet propulsion 
●​ Electric propulsion 
●​ Nuclear propulsion concepts 

Afternoon (4 hours): 

●​ Propulsion laboratory 
●​ Engine component testing 
●​ Performance optimization 
●​ Advanced cycle analysis 

Wednesday: Aeroelasticity 

Morning (4 hours): 

●​ Static aeroelasticity 
●​ Dynamic aeroelasticity 
●​ Flutter analysis 
●​ Control surface effectiveness 

Afternoon (4 hours): 

●​ Aeroelastic testing laboratory 
●​ Flutter testing methods 
●​ Computational aeroelasticity 
●​ Design considerations 

Thursday: Space Mission Design 

Morning (4 hours): 

●​ Mission analysis and design 
●​ Launch vehicle selection 
●​ Trajectory design 
●​ Mission operations 

Afternoon (4 hours): 

●​ Mission design workshop 
●​ Trade study exercises 
●​ Cost and schedule analysis 
●​ Risk assessment 

Friday: Advanced Control Systems 



Morning (4 hours): 

●​ Multivariable control systems 
●​ State-space design methods 
●​ Optimal control theory 
●​ Adaptive control 

Afternoon (4 hours): 

●​ Advanced control laboratory 
●​ Flight control system design 
●​ Simulation and implementation 
●​ Performance evaluation 

Assessment for Week 7: 

●​ Composite structure design (20%) 
●​ Advanced propulsion analysis (15%) 
●​ Aeroelastic analysis project (15%) 
●​ Mission design study (15%) 
●​ Control system design (15%) 

Reading Materials: 

●​ "Mechanics of Composite Materials" by Jones (open access) 
●​ "Gas Turbine Theory" by Cohen (advanced chapters) 
●​ "Introduction to Aeroelasticity" by Bisplinghoff 
●​ "Space Mission Analysis and Design" by Larson (excerpts) 
●​ "Linear Optimal Control" by Anderson and Moore 

 

Week 8: Hypersonic Aerodynamics and Space Systems 

Monday: Hypersonic Aerodynamics 

Morning (4 hours): 

●​ Hypersonic flow characteristics 
●​ Real gas effects 
●​ High-temperature gas dynamics 
●​ Hypersonic shock layer 

Afternoon (4 hours): 

●​ Hypersonic wind tunnel testing 
●​ Heat transfer measurements 
●​ Shock-shock interactions 
●​ Computational hypersonic analysis 



Tuesday: Atmospheric Entry and Reentry 

Morning (4 hours): 

●​ Entry trajectory analysis 
●​ Heating and thermal protection 
●​ Entry vehicle design 
●​ Ablation and thermal response 

Afternoon (4 hours): 

●​ Thermal protection laboratory 
●​ Material testing at high temperatures 
●​ Trajectory simulation 
●​ Entry system design 

Wednesday: Satellite Systems Engineering 

Morning (4 hours): 

●​ Satellite subsystems 
●​ Power and thermal management 
●​ Communication systems 
●​ Attitude determination and control 

Afternoon (4 hours): 

●​ Satellite design laboratory 
●​ Subsystem integration 
●​ Ground station communication 
●​ Mission simulation 

Thursday: Launch Vehicle Design 

Morning (4 hours): 

●​ Launch vehicle fundamentals 
●​ Staging and performance 
●​ Structural design considerations 
●​ Launch operations 

Afternoon (4 hours): 

●​ Launch vehicle design workshop 
●​ Performance optimization 
●​ Cost and reliability analysis 
●​ Case studies 

Friday: Computational Structural Mechanics 



Morning (4 hours): 

●​ Advanced FEA methods 
●​ Nonlinear analysis 
●​ Dynamic response analysis 
●​ Optimization-based design 

Afternoon (4 hours): 

●​ Advanced FEA laboratory 
●​ Large-scale structural analysis 
●​ Parametric design studies 
●​ Results interpretation 

Assessment for Week 8: 

●​ Hypersonic analysis project (20%) 
●​ Entry system design (15%) 
●​ Satellite subsystem design (15%) 
●​ Launch vehicle analysis (15%) 
●​ Advanced FEA project (15%) 

Reading Materials: 

●​ "Hypersonic and High Temperature Gas Dynamics" by Anderson 
●​ "Atmospheric and Space Flight Dynamics" by Tewari 
●​ "Spacecraft Systems Engineering" by Fortescue (excerpts) 
●​ "Launch Vehicle Design Process" by NASA SP-2007-6105 
●​ "Nonlinear Finite Element Analysis" by Bathe (selected chapters) 

 

Week 9: Aircraft Design and Manufacturing 

Monday: Aircraft Configuration Design 

Morning (4 hours): 

●​ Configuration selection and layout 
●​ Wing and fuselage integration 
●​ Empennage design 
●​ Landing gear considerations 

Afternoon (4 hours): 

●​ Aircraft design laboratory 
●​ CAD modeling and analysis 
●​ Configuration trade studies 
●​ Design optimization 



Tuesday: Manufacturing Processes for Aerospace 

Morning (4 hours): 

●​ Aerospace manufacturing methods 
●​ Precision machining and forming 
●​ Assembly processes 
●​ Quality control and inspection 

Afternoon (4 hours): 

●​ Manufacturing laboratory 
●​ CNC machining demonstrations 
●​ Composite manufacturing 
●​ Additive manufacturing applications 

Wednesday: Avionics and Flight Systems 

Morning (4 hours): 

●​ Flight management systems 
●​ Navigation and guidance 
●​ Autopilot design 
●​ Human-machine interfaces 

Afternoon (4 hours): 

●​ Avionics laboratory 
●​ Flight simulator exercises 
●​ Navigation system testing 
●​ Control law implementation 

Thursday: Reliability and Safety Analysis 

Morning (4 hours): 

●​ Reliability engineering principles 
●​ Failure modes and effects analysis 
●​ Fault tree analysis 
●​ Safety assessment methods 

Afternoon (4 hours): 

●​ Reliability analysis workshop 
●​ Safety case development 
●​ Risk assessment tools 
●​ Certification considerations 

Friday: Economic Analysis and Project Management 



Morning (4 hours): 

●​ Aerospace economics 
●​ Life cycle cost analysis 
●​ Risk and uncertainty 
●​ Project management methods 

Afternoon (4 hours): 

●​ Economic analysis workshop 
●​ Cost estimation methods 
●​ Schedule development 
●​ Resource management 

Assessment for Week 9: 

●​ Aircraft configuration design (20%) 
●​ Manufacturing process plan (15%) 
●​ Avionics system design (15%) 
●​ Reliability analysis project (15%) 
●​ Economic analysis case study (10%) 

Reading Materials: 

●​ "Aircraft Design: A Conceptual Approach" by Raymer 
●​ "Manufacturing Processes for Engineering Materials" (aerospace focus) 
●​ "Avionics: Elements, Software and Functions" by Spitzer 
●​ "System Reliability Theory" by Rausand and Høyland 
●​ "Engineering Economics" by Sullivan (aerospace applications) 

 

Week 10: Midterm Examinations and Design Synthesis 

Monday: Midterm Examination - Mathematics and Fundamentals 

Morning (4 hours): 

●​ Comprehensive examination covering: 
○​ Advanced mathematics (vector calculus, PDEs, complex analysis) 
○​ Fundamental principles of fluid mechanics 
○​ Structural mechanics and materials 

Afternoon (4 hours): 

●​ Examination review and discussion 
●​ Problem-solving workshop 
●​ Concept clarification 
●​ Study group formation 



Tuesday: Midterm Examination - Aerodynamics and Propulsion 

Morning (4 hours): 

●​ Comprehensive examination covering: 
○​ Subsonic and supersonic aerodynamics 
○​ Propulsion system analysis 
○​ Compressible flow theory 

Afternoon (4 hours): 

●​ Examination review and discussion 
●​ Advanced problem solving 
●​ Application-focused exercises 
●​ Peer learning activities 

Wednesday: Midterm Examination - Structures and Dynamics 

Morning (4 hours): 

●​ Comprehensive examination covering: 
○​ Structural analysis methods 
○​ Dynamic systems and control 
○​ Materials and manufacturing 

Afternoon (4 hours): 

●​ Examination review and discussion 
●​ Laboratory practical assessment 
●​ Hands-on problem solving 
●​ Technical report writing 

Thursday: Design Synthesis Workshop 

Morning (4 hours): 

●​ Integration of course concepts 
●​ Multidisciplinary design approach 
●​ System-level thinking 
●​ Design methodology review 

Afternoon (4 hours): 

●​ Team formation for semester project 
●​ Project scope definition 
●​ Preliminary design concepts 
●​ Resource planning 

Friday: Computational Tools Integration 



Morning (4 hours): 

●​ Integration of computational tools 
●​ Workflow development 
●​ Data management 
●​ Verification and validation methods 

Afternoon (4 hours): 

●​ Computational laboratory 
●​ Multi-tool analysis chains 
●​ Results integration 
●​ Documentation standards 

Assessment for Week 10: 

●​ Midterm examinations (60% total) 
●​ Design synthesis exercise (15%) 
●​ Computational integration project (10%) 

Reading Materials: 

●​ All previous course materials for review 
●​ "Systems Engineering Handbook" by NASA 
●​ "Integrated Design of Aerospace Vehicles" by selected authors 
●​ "Verification and Validation in Scientific Computing" by Oberkampf 

 

Week 11: Advanced Flight Dynamics and Guidance 

Monday: Aircraft Stability and Control 

Morning (4 hours): 

●​ Static longitudinal stability 
●​ Dynamic stability analysis 
●​ Lateral-directional stability 
●​ Control surface design 

Afternoon (4 hours): 

●​ Flight dynamics laboratory 
●​ Stability derivatives measurement 
●​ Control effectiveness testing 
●​ Simulation model development 

Tuesday: Spacecraft Attitude Dynamics 



Morning (4 hours): 

●​ Rigid body dynamics in space 
●​ Euler angles and quaternions 
●​ Gyroscopic effects 
●​ Environmental torques 

Afternoon (4 hours): 

●​ Attitude dynamics laboratory 
●​ Three-axis simulation 
●​ Control moment gyros 
●​ Reaction wheel systems 

Wednesday: Guidance and Navigation Systems 

Morning (4 hours): 

●​ Inertial navigation systems 
●​ GPS and satellite navigation 
●​ Kalman filtering 
●​ Sensor fusion techniques 

Afternoon (4 hours): 

●​ Navigation laboratory 
●​ INS error analysis 
●​ GPS signal processing 
●​ Multi-sensor integration 

Thursday: Autonomous Systems 

Morning (4 hours): 

●​ Autonomous flight systems 
●​ Path planning algorithms 
●​ Obstacle avoidance 
●​ Machine learning applications 

Afternoon (4 hours): 

●​ Autonomous systems laboratory 
●​ Algorithm implementation 
●​ Simulation and testing 
●​ Performance evaluation 

Friday: Systems Integration Laboratory 

Morning (4 hours): 



●​ Integrated system design 
●​ Hardware-in-the-loop testing 
●​ Real-time implementation 
●​ System verification 

Afternoon (4 hours): 

●​ Integration laboratory 
●​ Multi-subsystem testing 
●​ Performance assessment 
●​ Troubleshooting methods 

Assessment for Week 11: 

●​ Stability and control analysis (20%) 
●​ Spacecraft dynamics project (15%) 
●​ Navigation system design (15%) 
●​ Autonomous systems implementation (15%) 
●​ Integration laboratory report (10%) 

Reading Materials: 

●​ "Airplane Flight Dynamics and Automatic Flight Controls" by Roskam 
●​ "Spacecraft Attitude Dynamics" by Hughes 
●​ "Global Positioning System: Theory and Applications" by Parkinson 
●​ "Autonomous Flight" by Beard and McLain 
●​ "Real-Time Systems Design and Analysis" by Laplante 

 

Week 12: Environmental Effects and Testing 

Monday: Aerospace Environments 

Morning (4 hours): 

●​ Atmospheric properties and variations 
●​ Space environment effects 
●​ Radiation and charged particles 
●​ Micrometeoroid impacts 

Afternoon (4 hours): 

●​ Environmental testing laboratory 
●​ Thermal vacuum testing 
●​ Radiation effects simulation 
●​ Materials degradation studies 



Tuesday: Structural Testing and Validation 

Morning (4 hours): 

●​ Static and dynamic testing methods 
●​ Fatigue and durability testing 
●​ Non-destructive testing 
●​ Test planning and execution 

Afternoon (4 hours): 

●​ Structural testing laboratory 
●​ Load application systems 
●​ Data acquisition and analysis 
●​ Failure investigation 

Wednesday: Wind Tunnel Testing 

Morning (4 hours): 

●​ Wind tunnel design and operation 
●​ Test techniques and instrumentation 
●​ Data reduction and analysis 
●​ Scaling and similarity 

Afternoon (4 hours): 

●​ Wind tunnel laboratory 
●​ Model design and fabrication 
●​ Force and pressure measurements 
●​ Flow visualization 

Thursday: Flight Testing 

Morning (4 hours): 

●​ Flight test planning 
●​ Instrumentation and data systems 
●​ Safety considerations 
●​ Regulatory requirements 

Afternoon (4 hours): 

●​ Flight test simulation 
●​ Data analysis methods 
●​ Performance verification 
●​ Certification processes 

Friday: Verification and Validation 



Morning (4 hours): 

●​ V&V methodology 
●​ Model validation techniques 
●​ Uncertainty quantification 
●​ Risk assessment 

Afternoon (4 hours): 

●​ V&V workshop 
●​ Case study analysis 
●​ Validation planning 
●​ Quality assurance 

Assessment for Week 12: 

●​ Environmental analysis project (15%) 
●​ Structural testing report (15%) 
●​ Wind tunnel testing project (20%) 
●​ Flight test planning assignment (15%) 
●​ V&V methodology case study (10%) 

Reading Materials: 

●​ "Spacecraft Environment Interactions" by Hastings and Garrett 
●​ "Experimental Methods for Engineers" by Holman 
●​ "Low-Speed Wind Tunnel Testing" by Barlow 
●​ "Flight Testing: Principles and Practices" by Ward 
●​ "Verification and Validation in Scientific Computing" by Oberkampf 

 

Week 13: Advanced Materials and Manufacturing 

Monday: Advanced Aerospace Materials 

Morning (4 hours): 

●​ Superalloys and intermetallics 
●​ Ceramic matrix composites 
●​ Smart materials and structures 
●​ Nanomaterials applications 

Afternoon (4 hours): 

●​ Advanced materials laboratory 
●​ Characterization techniques 
●​ Processing methods 
●​ Property evaluation 



Tuesday: Additive Manufacturing 

Morning (4 hours): 

●​ AM processes for aerospace 
●​ Metal and polymer printing 
●​ Design for additive manufacturing 
●​ Quality control and certification 

Afternoon (4 hours): 

●​ Additive manufacturing laboratory 
●​ Part design and printing 
●​ Post-processing techniques 
●​ Performance evaluation 

Wednesday: Joining and Assembly 

Morning (4 hours): 

●​ Welding and brazing 
●​ Mechanical fastening 
●​ Adhesive bonding 
●​ Hybrid joining methods 

Afternoon (4 hours): 

●​ Joining laboratory 
●​ Process optimization 
●​ Joint characterization 
●​ Failure analysis 

Thursday: Surface Engineering 

Morning (4 hours): 

●​ Coating technologies 
●​ Surface treatments 
●​ Tribological considerations 
●​ Corrosion protection 

Afternoon (4 hours): 

●​ Surface engineering laboratory 
●​ Coating application 
●​ Property measurement 
●​ Performance testing 

Friday: Manufacturing Systems 



Morning (4 hours): 

●​ Digital manufacturing 
●​ Automation and robotics 
●​ Quality management systems 
●​ Lean manufacturing principles 

Afternoon (4 hours): 

●​ Manufacturing systems workshop 
●​ Process optimization 
●​ Automation implementation 
●​ Quality improvement methods 

Assessment for Week 13: 

●​ Advanced materials characterization (15%) 
●​ Additive manufacturing project (20%) 
●​ Joining process optimization (15%) 
●​ Surface engineering analysis (15%) 
●​ Manufacturing systems design (10%) 

Reading Materials: 

●​ "Advanced Materials and Processes for Aerospace" by ASM International 
●​ "Additive Manufacturing Technologies" by Gibson 
●​ "Joining of Materials and Structures" by Messler 
●​ "Surface Engineering for Aerospace" by various authors 
●​ "Digital Manufacturing" by Lu and Fuh 

 

Week 14: Semester Project Development 

Monday: Project Planning and Management 

Morning (4 hours): 

●​ Project scope refinement 
●​ Work breakdown structure 
●​ Resource allocation 
●​ Schedule development 

Afternoon (4 hours): 

●​ Team coordination 
●​ Risk identification 
●​ Milestone planning 
●​ Progress tracking methods 



Tuesday: Conceptual Design Development 

Morning (4 hours): 

●​ Requirements analysis 
●​ Concept generation 
●​ Trade study methodology 
●​ Decision matrix development 

Afternoon (4 hours): 

●​ Design workshop 
●​ Concept evaluation 
●​ Preliminary sizing 
●​ Feasibility assessment 

Wednesday: Analysis and Simulation 

Morning (4 hours): 

●​ Analysis planning 
●​ Tool selection 
●​ Model development 
●​ Validation strategy 

Afternoon (4 hours): 

●​ Computational analysis 
●​ Results interpretation 
●​ Sensitivity studies 
●​ Optimization implementation 

Thursday: Preliminary Design Review 

Morning (4 hours): 

●​ Design documentation 
●​ Technical presentations 
●​ Peer review process 
●​ Expert feedback 

Afternoon (4 hours): 

●​ Design refinement 
●​ Issue resolution 
●​ Risk mitigation 
●​ Progress assessment 

Friday: Detailed Design Initiation 



Morning (4 hours): 

●​ Detailed design planning 
●​ Component specification 
●​ Interface definition 
●​ Manufacturing considerations 

Afternoon (4 hours): 

●​ Design development 
●​ Analysis validation 
●​ Documentation update 
●​ Next phase planning 

Assessment for Week 14: 

●​ Project plan and WBS (10%) 
●​ Conceptual design report (20%) 
●​ Analysis and simulation results (15%) 
●​ Preliminary design review (15%) 
●​ Detailed design initiation (10%) 

Reading Materials: 

●​ "Project Management for Engineering" by Nokes 
●​ "Systems Engineering and Analysis" by Blanchard 
●​ "Engineering Design: A Project-Based Introduction" by Dym 
●​ "Aerospace Design: Aircraft, Spacecraft and the Art of Engineering" by Freeman 

 

Week 15: Final Examinations and Semester Synthesis 

Monday: Final Examination - Integrated Analysis 

Morning (4 hours): 

●​ Comprehensive examination covering: 
○​ Multidisciplinary analysis methods 
○​ System integration concepts 
○​ Advanced computational methods 
○​ Design optimization 

Afternoon (4 hours): 

●​ Examination review 
●​ Problem-solving session 
●​ Concept integration 
●​ Application examples 



Tuesday: Final Examination - Advanced Topics 

Morning (4 hours): 

●​ Comprehensive examination covering: 
○​ Advanced materials and manufacturing 
○​ Environmental effects and testing 
○​ Guidance and control systems 
○​ Emerging technologies 

Afternoon (4 hours): 

●​ Examination review 
●​ Advanced problem solving 
●​ Case study analysis 
●​ Future trends discussion 

Wednesday: Project Presentations I 

Morning (4 hours): 

●​ Team project presentations (Part 1) 
●​ Technical content delivery 
●​ Question and answer sessions 
●​ Peer evaluation 

Afternoon (4 hours): 

●​ Project demonstrations 
●​ Prototype testing 
●​ Results validation 
●​ Performance assessment 

Thursday: Project Presentations II 

Morning (4 hours): 

●​ Team project presentations (Part 2) 
●​ Technical content delivery 
●​ Expert panel review 
●​ Industry feedback 

Afternoon (4 hours): 

●​ Project exhibitions 
●​ Public demonstrations 
●​ Networking sessions 
●​ Awards ceremony 



Friday: Semester Synthesis and Planning 

Morning (4 hours): 

●​ Course synthesis and integration 
●​ Learning outcomes assessment 
●​ Knowledge gap identification 
●​ Professional development planning 

Afternoon (4 hours): 

●​ Spring semester preview 
●​ Research opportunities 
●​ Industry connections 
●​ Career pathway discussion 

Assessment for Week 15: 

●​ Final examinations (40% total) 
●​ Project presentations (25%) 
●​ Project demonstrations (15%) 
●​ Semester synthesis portfolio (10%) 

Reading Materials: 

●​ All course materials for comprehensive review 
●​ "Aerospace Engineering: Past, Present, and Future" by various authors 
●​ "Emerging Technologies in Aerospace" by AIAA publications 
●​ "Professional Development for Engineers" by various authors 

 

SEMESTER ASSESSMENT SUMMARY 
Total Grade Distribution: 

●​ Weekly Assessments: 40% 
●​ Midterm Examinations: 20% 
●​ Final Examinations: 20% 
●​ Laboratory Reports: 10% 
●​ Semester Project: 10% 

Learning Outcomes Achieved: 

1.​ Advanced mathematical methods for aerospace applications 
2.​ Fundamental principles of aerodynamics and fluid mechanics 
3.​ Structural analysis and materials science 
4.​ Propulsion systems and thermodynamics 
5.​ Flight dynamics and control systems 



6.​ Computational methods and simulation 
7.​ Experimental methods and testing 
8.​ System integration and design 
9.​ Professional skills and ethics 
10.​Research methodology and technical communication 
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