
ME 274: Basic Mechanics II
Lecture 19:Particle Kinetics – Work-Energy Equation





𝑅 → resultant force acƟng on the parƟcle as it moves along the path

Remember in the path description 𝑎⃗ = 𝑣̇𝑒̂௧ +
௩మ

ఘ
𝑒̂௡

Breaking 𝑅 into components:

𝑅௧ =

𝑅௡ =

What is each component responsible for?

Newton’s law for the path description of motion

R=ΣÉ-ma

mi-mat

m:

Rf→ changing speed along path

Rn → turning



If we are interested in studying the change in speed of a particle, we need only deal 
with the tangential components of the forces acting of the particle

Work done by external forces = Change in kinetic energy

VCs)

projection
 path description

= &.#-vats

Unis; Reds

kinetic energy → T = ½mu²



What if our motion/forces are described with the cartesian description?

From our work-energy equation:

To convert to cartesian form, we need to relate 𝑒̂௧ to 𝚤̂, 𝚥̂, and 𝑠 to 𝑥, 𝑦

path coords
T - vet - * e

cartesian

= * it % j

EE = 1¥" + Its

ds et = dxi + dayy=f(x)



In general, the work done by a force 𝐹⃗ is dependent on the shape/distance of the path traveled.

Conservative forces are a class of forces where the work is path independent and instead only depend on the start and end 
positions.
Examples: spring force, weight

You do not need to integrate conservative forces – instead, take the difference of their potential energy functions between 
points 1 and 2! 

We can rewrite our work energy expression in terms of conservative and non-conservative components:

Conservative forces and Potential Energy

Spring potential energy

𝑉௦௣ =
𝑘

2
𝐿 − 𝐿଴

ଶ

• 𝐿 –current length of spring
• 𝐿଴ - unstretched spring length
• 𝑘 – spring constant

Note: 𝑉௦௣ is ALWAYS ≥ 0

Gravitational potential energy

𝑉௚௥ = 𝑚𝑔ℎ

• ℎ − height above/below datum

Note: The sign of 𝑉௚௥ matches the sign of ℎ, 
i.e. if the ending position is above the 

datum 𝑉௚௥ > 0, If the ending position is 
below the datum 𝑉௚௥ < 0

Ab
.

Work energy

potential energy ∀



Example – work and potential energy of a spring force

Spring force:

Work done by spring force:

Convert between path and polar descriptions:

Fsp = K(L -Lo)

polarform Tp.-K(L-Lolén

Uns:S,lFsp. E) ds

polar: J = per + réé⊖

path? ∀ = Ifet

Eds - deer + Laoda

him-1? E- all-Loser. (deer-Laoé,)] = -k);(L-colds

- ¥2 [(Li Lot-(4-Lo)]

- Ever.)

10

if

r =L

r-dat

Vsp -½KLΔL)"



Example – work and potential energy of a weight force

Weight force:

Work done by weight force:

Convert between path and cartesian descriptions:

Fw.-mgj

Nix = JIE-e) as

I

A/→ 2 =
I:(-mgt)-(druidyj)

- mg) IM
= - mg (na-ki)

- (V,-T)
:



speed after position change → work energy

1) FBD

mg

F→ Q

dy

2) kinetic -

T, + I, + U, → 2 = T2 + V2

T-O ← (RFR)

Y- O ← at datum

42 - SF-or = F (42) (½)
1

T2 = E. mV}

☑ = -mg (O.GL)

start end

solving:
0+0 +. GILF = ½mvz²-mg (0.6L)

solve V2



1) FBD
mg

tsp

2) T, + I. + UI, = I + ¥

- - O (RFR)

T- O at datum)

U,n→e, =); F. at = -fit. (d- Δ) 

= -f (d + A)

T2 = 0 at max deflection, velocity is
instantaneously 0

I = -mg (di A) sing + ½ k

0+0-fld-Δ) - O-mg (d- A) sine + ½KΔ²

Solve for Δ

datum

d- Δ

h

a


