
ME 274: Basic Mechanics II
Lecture 16: Particle Kinetics – Newton’s Laws



In our study of kinematics, the focus has been on describing how bodies are moving

In our study of kinetics, we will now look at why bodies are moving – i.e. what external forces 
are acting on the system, and how they impact the motion we describe with our kinematic 
descriptions.

The fundamental principles that form the basis of our analysis are Newton’s Laws of motion.

Newton’s 2nd Law: The vector resultant 
of forces on a body equals the time rate
of change of linear momentum.

Newton’s 3rd Law: Two interacting 
bodies will exert equal and opposite 
forces on each other.

E F - m a
=  M Y

F z  =  -  E ,



Newton’s 2nd Law in 3 kinematic descriptions:

Cartesian Coordinates

𝑎⃗ = 𝑥̈𝚤̂ + 𝑦̈𝚥̂

Sum forces: ∑𝑭 = 𝒎 𝒂

Resolve into Components:

Path Coordinates

𝑎⃗ = 𝑣̇𝑒̂௧ +
𝑣ଶ

𝜌
𝑒̂௡

Sum forces: ∑𝑭 = 𝒎 𝒂

Resolve into Components:

Polar Coordinates

𝑎⃗ = 𝑟̈ − 𝑟𝜃̇ଶ 𝑒̂௥ + 𝑟𝜃̈ + 2 𝑟̇𝜃̇ 𝑒̂௧

Sum forces: ∑𝑭 = 𝒎 𝒂

Resolve into Components:

E F  =  m i
Σ F y o  m a y - M j

Σ F - M a c - m i

E .  F n - m a n . M E
Σ  F n -  M a r  =  M r i - r o )

E F O - M  ( r - 2 r 0 )



F -  m a

O D E ,  s y s t e m  o f  e q n .
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ME 274: Basic Mechanics II
Lecture 17: Particle Kinetics – Newton’s Laws



Announcements:
• Hw 4.A, 4.B extended to Tuesday at 11:59 PM!
• Thursday office hours canceled this week – see me by appointment if 

needed!



Newton’s 2nd Law in 3 kinematic descriptions:

Cartesian Coordinates

𝑎⃗ = 𝑥̈𝚤̂ + 𝑦̈𝚥̂

Sum forces: ∑𝑭 = 𝒎 𝒂

Resolve into Components:

Path Coordinates

𝑎⃗ = 𝑣̇𝑒̂௧ +
𝑣ଶ

𝜌
𝑒̂௡

Sum forces: ∑𝑭 = 𝒎 𝒂

Resolve into Components:

Polar Coordinates

𝑎⃗ = 𝑟̈ − 𝑟𝜃̇ଶ 𝑒̂௥ + 𝑟𝜃̈ + 2 𝑟̇𝜃̇ 𝑒̂ఏ

Sum forces: ∑𝑭 = 𝒎 𝒂

Resolve into Components:



1) FBD
• Draw appropriate FBD (note- you may have to draw more than 1)
• Choose coordinate system (cartesian, path, polar)

2) Kinetics
• Sum forces and break into components
• Choose appropriate method to solve the problem – we will learn these in upcoming 

sections!
• Newton/Euler
• work/energy
• linear impulse/momentum
• angular impulse/momentum)

3) Kinematics
• Perform a kinematic analysis of the system using techniques we have developed in 

the previous chapters.
• Use your kinetics equations from step 2 to determine what information you need to 

solve the problem
4) Solve

• Count the number of equations and unknowns. Do they match?
• If not:

• Draw more FBDs
• Do additional kinematic analysis



1) FBD

ér
^
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mao
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2) kinetics
EF, = -T - mar

Σ Fo = N - Mag

mar

B
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3) kinematics
polar form:  - (i -ro-Jer + (zr + ro) é,

O T = m (i-r 2)

② N = m(2É+ r )

4) solving → Zegn, 2 unknown
r-0.75ft - = w ÷ const.

in = -0.5ft = const, = o

 -O

ar a.
l

m-¥

T = - ¥ (rw²)

N = ↳ (2in) → NGO → switch direction from
FBD → side A



So far we have seen problems including a single particle where ∑𝑭𝒑𝒂𝒓𝒕𝒊𝒄𝒍𝒆 = 𝒎𝒑𝒂𝒓𝒕𝒊𝒄𝒍𝒆𝒂𝒑𝒂𝒓𝒕𝒊𝒄𝒍𝒆

How does our kinetic analysis change when we are analyzing a system with multiple interacting 
bodies?

Consider these 3 interacting particles:

Individual particle FBDs System FBDs

+ A

FB

3
feb

Fc

Maia = F -Fari - fac

m Bats = F, + tisa-fisc

miac = F. - - tea" fats

A /

Fpa

fee
Fca ↑

→

Tac

FA
-
FB

bFc

TEA + MBGB + Mcaic

- F + FAB + Fct F, + tBA" fisc

.

# F - - tea" fats
→
FAB - -FBA -

G



TEA + MBGB + Mcai = Fa + Fs + F

Ém; aj = ΣjFj"

MG = Σ Feet



→ pulley

J
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Block A
mg

NA
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1) FBD

NA MG
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2) kinetics

① EFA, = LF-Ff = M Aa

② Σ FB, ✗ = Ff F - Map,

Σ Fay-O - N.-mg

Σ Fry = O

3) kinematics a, = x ay-0

4) solve
a) smooth → Ff-O

① ZF-man → Aae - ZF M

② I = Mapy → Apx- -I

b) rough → Fs-MRNA

① LF-army = max.

Na-mg

→ AA = 27-army
m

② ukmg-F = Map → as = Weng-F p

M



rigid ZForce Member

t
1) FBD

smooth = no friction

MBG
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FAB
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FAB

FAB

NA

TAB

Mag

IC
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Kinetics

Block B

Σ Fx,B = F FAB ¾ = MbAbx

ΣFy,B = NB- mag - FAB  = M

Block A
ΣFx, A = tap SB -NA = Macax ③

Σ Fy, a = FAB St -mg = Maday ④

baby

kinematics

Aax-O, A. By = 0

rigid body equs → Link AB

①

②



relate VA, WAB
Given

W = Vs = 1
Sp

relate acceleration of pts A&B

a- a = E, + Ears ✗ Tab-W² FAB

Aaj-apt + ✗ ABA (SBI, + sp)-(Eg)} SBI-Saj)

P: 0 = AB-SAX AB - VA'
§

Aa-✗ ABSB-(⅓,/'SA

using IC ↑ see above

AB / Vac/

j:



Treating AB as an inextensible cable:

L' = Sat - Sp-

* (i) = 251St + 25 BSB = → 5, = - SA'
Sp SA

* (Sasa + SB SB) = Sisa + Sf + SBS, + 'si

si-(it s," I SissB) ⑤
SA

.. ..
SA - Aa , SB - AB

5eqn, Bunknown

→ solve!
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1) FBD
• Draw appropriate FBD (note- you may have to draw more than 1)
• Choose coordinate system (cartesian, path, polar)

2) Kinetics
• Sum forces and break into components
• Choose appropriate method to solve the problem – we will learn these in upcoming sections!

• Newton/Euler
• work/energy
• linear impulse/momentum
• angular impulse/momentum)

3) Kinematics
• Perform a kinematic analysis of the system using techniques we have developed in the 

previous chapters.
• Use your kinetics equations from step 2 to determine what information you need to solve the 

problem
4) Solve

• Count the number of equations and unknowns. Do they match?
• If not:

• Draw more FBDs
• Do additional kinematic analysis



Kinetics for the rectilinear Motion of Particles – Net force dependent on time

For a particle of mass 𝑚 traveling along a straight path and experiencing a force 𝐹⃗ = 𝐹𝑒̂௧

If force is a function of time: 𝐹 = 𝐹(𝑡)

Example: thrust profiles of solid rocket motors

← already
in terms

of t

F- moat

Flt Idt = Mdr

F (t)dt = Stm dv
IV

{Flat = m (v2-y)

tr 2

t,

- momentum

tells how speed changes with time
impulse



Kinetics for the rectilinear Motion of Particles – Net force dependent on position

For a particle of mass 𝑚 traveling along a straight path and experiencing a force 𝐹⃗ = 𝐹𝑒̂௧

If force is a function of position: 𝐹 = 𝐹(𝑠)

Ex: magnetic forces

Ex: spring forces

← need to write
in terms of s

F- mdf → using chain rule
velocity!= mdu

ds
÷

Fls)-mucks

[Fcs) =
S, V,

V2

MV

ss," FCS) = M V 2
2

½
Em (vivil

l

work energy



Kinetics for the rectilinear Motion of Particles – Net force dependent on velocity

For a particle of mass 𝑚 traveling along a straight path and experiencing a force 𝐹⃗ = 𝐹𝑒̂௧

If force is a function of velocity: 𝐹 = 𝐹(𝑣)

Ex: dampers

𝐹ௗ௔௠௣௘௥ = 𝑐𝑥̇

Ex: drag

F
to

c) = m #

It-FEE,

t, V,

(t,-t,) = ms! FCV)

or
FCV) = Mr#

½

(s.-si)-m) ¥, do

velocity
changing

with
time

Sds = mS¥9
I V,

velocity changing withposition



i
J

1) FBD mg

Ff

N

2) kinetics

= ma 4) solve
b) time t to stop
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↳ s = L

j.
↳ e1) FBD mag

N
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2) kinetics

IF, =-fam, g-ma

ΣFg = N-mag -o

☑
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Solve:
- map (L-5) g -psg =

s)

plucks

L V.

s (1 + uk)-uh] as = Lfvdv
0O. IL

g[s:(Her)-eats]  - 2¥15

g[(E- 2 0.0924 (item- Mpf"-0.222) LV?
2

V, = 2g [ 0.96L2 (Hur)- 0.8mn] in simplify
further


