
ME 274: Basic Mechanics II
Lecture 20: Particle Kinetics – Work-Energy



Q: When do we know to use the work-energy equation in a kinematic analysis?
A:

Overview: Work-Energy Equation

Components of the work-energy equation: 𝑇ଵ +  𝑉ଵ + 𝑈ଵ→ଶ
௡௖

= 𝑇ଶ + 𝑉ଶ

𝑇 =
ଵ

ଶ
𝑚𝑣ଶ = particle kinetic energy

𝑉 = 𝑉௦௣ + 𝑉௚௥ = potential energy resulting from conservative (path independent) forces

• 𝑉௦௣ =
ଵ

ଶ
𝑘 𝐿 − 𝐿଴

ଶ

• 𝑉௚௥ = 𝑚𝑔ℎ

𝑈ଵ→ଶ
௡௖

= ∫ 𝑅௧ 𝑑𝑠
ଶ

ଵ
= work done by 𝑅 from 1  to 2

• Path description: 𝑈ଵ→ଶ = ∫ 𝑅 ȉ 𝑒̂௧ 𝑑𝑠
ଶ

ଵ

• Cartesian description: 𝑈ଵ→ଶ = ∫ 𝑅௫𝚤̂ + 𝑅௬𝚥̂ ȉ (𝑑𝑥 𝚤̂ + 𝑑𝑦 𝚥̂)
ଶ

ଵ

• Polar description: 𝑈ଵ→ଶ = ∫ 𝑅௥𝑒̂௥ + 𝑅ఏ𝑒̂ఏ ȉ (𝑑𝑟𝑒̂௥ + 𝑟 𝑑𝜃𝑒̂ఏ)
ଶ

ଵ

- relating speed to a change in position

- know energy is conserved

initialposition final position

> Vip 70
> ¥. > 0 or -0, depending on datum

R → resultant Force

work to get from
1 → 2

non-conservive → path dependent



1) FBD

initial position:

T, =½mVo² T- O

Non-conservative work:

final position:

T, = 0 2- ½ K AIa

Work-energy:

1mi-½ k A mat

datum
mg .

µ Fs

T, + V - UI = T2 + To

•

V12 = 0 ← mechanical energy conserved

→ K = MVo²

Smak



remember: U:→ 2=5:(Fields

F- fee, -feet--f- 0

~
friction opposes motion

i. opposite direction of 



Normal force always perpendicular → will never contribute

to work



𝑥ଵ
𝑥ଶ

F

Challenge question: The particle is being pulled along a smooth guide by a force 𝐹⃗ = 𝐹𝚤̂.

What is the magnitude of 𝑈ଵ→ଶ
௡௖ ?

UE = FF-et) as-Site. dei + dyj)

"Fdx = F (x2-x,)



Work – Energy Equation for Systems of Particles

There will only be a single work-energy equation, regardless of the number of particles in the system!

Each term will be the sum for all particles in the system:

- Total nonconservative work done on the system

f you have more than I
unknown, use kinematics



Work done by external forces

Calculating 𝑼𝟏→𝟐
𝒏𝒄

for systems of particles

𝑈ଵ→ଶ
௡௖

= න 𝐹⃗஺ + 𝐹⃗஻ + 𝐹⃗஼ ȉ 𝑒̂௧ 𝑑𝑠 
ଶ

ଵ

Work done by internal forces: conservative forces

Work done by internal forces: rigid connections Work done by internal forces: dissipative forces

Rule of thumb: make your system as large as possible to make workless forces internal. Make friction/dissipative forces external by your 
choice of system.

viscous
damper

friction

include in ∀ term

← rig: donnection
Fac

Fct

Facet.-*.-é.

integrals cancel → Net work-o

Energy leaves system
(mechanical energy not conserved)

→ must include in work integral

(if possible)

I not in integral

Fg

Fs



Ne

F → Una
Fs internal, conservative → in ✓

Mg, Mg, Na, NB, Na → perpendicular to path:.
fas internal, dis: pative → in U, →

taste → external disipative → in Un-z

⇒ Owork

system: blockS A, B, C

+ spring

Example: two blocks connected by a spring pulled along a rough surface by force F, block A sliding on top of B

tK

- m M

C

M

m

A

external → in

How do we include each force in
our Work- energy equation?

NA

B

mg
Mg

to
←Fa Fs Fg

←

Mg

±

f

TB .

B



end
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1) Kinetics
T, + V, + 4152 = T2 - Va

position 1

T, = O (RFR)

V. = - 2 magt

UE: 0

work - Energy

- Zmagh = ½MEVE

3) kinetics

data

position 2

T2 = ½mEE² + ½ MBVB"+ ½may²

% =-mgΔE-MBTL

B

2 + ½ MB ⅓" + ½ Ma Va'-Meg AE -mpgh



Work - Energy
- 2. Magh = ½MEVE² + ½ My ☑ + {MAVA'-mgΔE - Migh

v0 LE 210

I eqn, 4 unknowns → use kinematics!

Solve for ΔE → the change in height of E is a result of the
cable unspooling as pully O rotates through ¼ turn

2L

2L

A

relate VA, VB, VE

VB = -L

→ pulleys 0 & C are connected at
top by inextensible cable >

have the same
Ve - r  velocity 4W

because of matching

substitute into Work-Energy equs radii

V A - 240

solve for , then solve for VE

SE-IL

B
☒

L ✓ I

✓ =

oV

use IEEE



1) FBD

3mg

mg
404

Q

Fsp

Iss
TO

2) Kinetics

- -V, + U, → 2 = Tattz

T.-O (RFR)

V. = 3mg Lsin⊖ - 2mg Ls in Q-+ 2 (KK/2L sin-0))

Vip
gr

Uti-0 (mechanical energy conserved, no external NC forces)

To = ½ MA'+ ½MVB² Final work-Energe

V2 = 2mg-3mg b
⇒ 3mg Lsin Q- 2mg Lsino + K(2 (sino} = ½ m 12 + {mV,"+ 2mg L - 3mg't

Legn, 2 unknown → kinematics

kinematics : Va = 220 V3- LO → VA - ZVB

☆ Substitute into work energy & solve!


