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x axis is LATERAL rolling andis controlled w AILERONS

y axis is LONGITUDINAL pitching andis controlled w ELEVATORS
zaxis is DIRECTIONALCyawing and is controlled w the RUDDER
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Dynamic Stability Tendency ofbody toreturn toequilibriumafter a disturbance
overtime
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Sections 7.12 7 14 notcovered in this review for brevity
Thegistis changing things on theAC suchas elevatordeftectronandCG locationallow you alter trim characteristics
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4StrokeEngive
Intake

Taking in fresharr Ifuel
Volumeincreases pressure
remains nearlyunchanged

compression
Usesmomentum from
crankshaftto SQUEEZEthe
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combustion
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Powe
Air fuelmixtureexpands
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Exhaustvalveopens pressure
returnstoambientpiston
pushesoutexhaust
PtUh

Overall Process
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Types of Jet Engines
Turbojet

Shownabove

Typical Tsfcof 1.0lbfuelperlbthrustperhourUsedon fighterjetscompactpowerful notefficientloud
Turbofan

Bypasses largeammountof an around compressor
TypicalTSFCof 0.6 lbfuelperlbthrustperhourUsedon commercialairliners giantpowerfulmoreefficientquieter

othernotableengines
Ramjets

Usenozzlegeometry to compress air
Turboprop

Usesjetenginetopawnpropeller
Inductedfan

Moreefficientthanturbofanweird
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8 2 DIFFERENTIAL EQUATIONS

Clr RATEOF CheaucrEOF R WITHRESPECT To t
dt

IF r IS DISTANCE AND t 15 TIME THEN THE RATE OF CHANGE OF
DISTANCE WITHRESPECTTO TIME IS VELOCITY

THE SECOND DERIVATIVE o

dldrldt d2r
at dt2

IF r IS DISTANCE AND t 15 TIME THEN THE RATE OF CHANGE OF
VELOCITY WITH RESPECT TO TIME IS ACCELERATION

SOME DIFFY Q d2r
DI

t r DI Zt3 z
dt

THEN IF GIVEN SOME FUNCTIONAL RELATION r fCt THAT
SATISFIES THE EQUATION WE CAN THEN FIND A SOLUTION FOR THE
BIFFY Q

SO IF r EZ
dr Zt
dt
dir 2
dtz

PLUG BACK INTO DIFFY Q

d2r
DI
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SATISFIES EQUATION ret IS A SOLUTION

NOTATION E I Ar E E dirs
dt dt2



8 3 LAGRANGE EQUATION

STATICS BODY IS MOTIONLESS

DYNAMICS8 BODY IS MOVING

USES NEWTON'S SECOND LAW F MA

IN STUDY OF SPACE VEHICLE ORBITS TRAJECTORIES
LAGRANGE'S EQUATION SIMPLIFIES ANALYSIS

LANGRAGLAN ISN'T COMPLICATED IT'S JUST TAKINGTHE DIFFERENCE IN
ENERGY KINETIC POTENTIAL AT SOMEPOINT AND MEASURING HOW IT
CHANGES W.R.to SOME OTHER VARIABLE FOR EXAMPLE THE
LOCATION OF THEPOINT OR THE velocity OF THE POINT

FROM BOOK EXAMPLE T KINETIC ENERGY POTENTIAL ENERGY

LAGRANGIAN 8 B T 0

EXAMPLE OF LAGRANGIAN TO DERIVE EQUATION OF MOTION OF
A FALLING BODY
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POLAR COORDINATES
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8 4 ORBIT EQUATIONS

EQUATIONS THAT DESCRIBETHE PATHOFOUR SATELLITE PROBE ETC

8 4 I FORCE ENERGY

LAW OF UNIVERSAL GRAVITATION 8 F Gmt
Gr 6.67 x IO m31kg512

dot Fdr Gmm dr
r2
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oo r2
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DERIVATIONS OF ALL FOLLOWING EQUATIONS ARE IN BOOK

POTENTIAL ENERGY OF o
aSPACE VEHICLE OI Gmm

7

KINETIC ENERGY OF o T Iz 52 rio 2 M
SPACE VEHICLE

8 4.2 EQUATIONS OF MOTION

EQUATION OF MOTION FOR Mr 2 0 CONST C
SPACEVEHICLETRAVELING 0

IN DIRECTION

ANGULARMOMENT OF Mr ANGULAR MOMENT CONST
THE SPACE VEHICLE

EQUATION OF MOTION FOR a

SPACEVEHICLE IN THE F h K2 O
DIRECTION r r3 r2

DESIREDEQUATION OF THE
PATH ORBIT TRAJECTORY o r h2 k2
OFSPACE VEHICLE I A h4k2Costco C

CONSTANTS HZ A C ARE FIXED BY CONDITIONS AT THE
INSTANCE OF BURNOUT OF THE ROCKET BOOSTER

EQUATION APPLIES TO THE TRAJECTORY OF A SPACE
VEHICLE ESCAPING FROM THE GRAVITATIONAL FIELD OF
EARTH AS WELL AS ARTIFICIALSATELLITE ORBIT ABOUT
THE EARTH
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Kepler5 Law

circular and eliptical orbits
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