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Lagrangian Approach: Recall

1. Define generalized coordinates that are:
– Complete
– Independent

(j = 1, 2, 3, …)
(For now, we will also assume system is holonomic…)

2 Force dynamics relationship requires:

jξ

Little “xi” is the set of DOF. Since we assume system is 
holonomic, there are the same number of GCs and DOFs.

Big “Xi” represents all non‐conservative 
forces, for each DOF. This includes both 
the ACTUATION and LOSSES (due to 
damping, most typically).2. Force-dynamics relationship requires:

where:
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VT −= *L

Fancy “L” is the “Lagrangian”

T* is kinetic CO‐ENERGY

V is potential energy

Lagrangian Approach: Procedure
0. Assume system is holonomic:

1. Pick generalized coordinates (DOFs) that are:
– Complete

DOFGC kj ## === δξξ Holonomic

– Independent
(j = 1, 2, 3, …)

• Possible GC set(s) might not be unique! 
• Any independent and complete set is OK. 
• Either absolute or relative coords is OK.
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jξ Little xi:  GCs 
(gen. coord’s)

Lagrangian Approach: Procedure

2. Define kinetic (co-)energy, T. (Technically, T*)

Kinetic energy includes the sum of “one‐half 
mass time velocity‐squared” for every particle:

∑= iivmT 2
2
1
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For a rigid rotating body, we can use moment 
of inertia, J:

(Note: We are ignoring electrical kinetic or potential energy here, 
for now and focusing on MECHANICAL energy.)

∑
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Lagrangian Approach: Procedure

3. Define potential energy, V.

Potential energy can be stored in a spring:

( )22
1

ospring xxkV −=
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…and also includes any “mgh” of particles in a 
gravitational field:

Note: “h” is relative to any arbitrary (but fixed) 
inertial reference frame.

mghVgravity =

Lagrangian Approach: Procedure

4. Lagrangian is kinetic minus potential energy:

5. For each GC (DOF), solve for an equation of 

VT −= *L

motion:

Note: A system with N generalized coordinates 
(GCs) will have N equations of motion.
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Example: Two-cart spring system
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Choice of 
GCs is NOT 
UNIQUE
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non‐conservative forces
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