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Housekeeping/Announcements
***Reminder for Henny to wear a mic during the lecture.
1. HW 22 (4.M and 4.N) due today!!
2. Office hours are changing to ME2008B…

• Second floor of renovated side of ME.
3. Exam 2 equation sheet on course website
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Kinetics: Four-step problem solving method
1. FBDs:

• Draw appropriate FBD(s). 
• Choose your coordinate system.

2. Kinetics:
• Choose what solution method for the particular problem at hand (we will go over these in the 

coming days…):
• Newton/Euler (lectures 15-18) – Analyzing an instant in time 
• Work/Energy (lectures 19-20) – Analyzing speed in terms of position
• Linear impulse/momentum (lectures 21-22) - Analyzing change in velocity during a change in time

• Central Impact (lecture 23)
• Angular impulse/momentum – (lectures 24-25) - 

3. Kinematics:
• Perform needed kinematic analysis (position/velocity/acceleration)
• Equations from step 2 will guide you in deciding what kinematics are needed for the solution of the 

problem
4. Solve:

• Count the number of equations/unknowns. If you do not have enough equations to solve for 
unknowns:
a) Draw more FBDs
b) You will need to do more kinematic analysis

[pg. 184 content]
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Central Impact of a Pair of Particles 

• Why/Motivation? Helps us relate/find velocities between two states. (Pre and Post collision)

[pg. 233 content]

• Condition to use this concept: The line of impact passes through the centers of mass of each body 
involved in the impact. We are given a Coefficient of Restitution/’e’ for the problem.

• Relevant/important definitions:

1. Plane of Contact: A plane that is tangent to the contact surfaces of A and B. Denoted as ‘t’

2. Line of Impact: A line that is perpendicular to the plane of contact for A and B. Denoted as ‘n’.

3. Central Impact: An impact in which the line of impact passes through the centers of mass of each 
body involved in the impact.

Velocities

Plane of contact

Line of impact

Central Impact
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Central Impact Problems – How to/general outline 
1. FBDs. Usually 3:

[pg. 234 content]

2. System A and System B, separately:

3. System A and B together

4. Coefficient of Restitution:

Obtained experimentally/empirically. 
We will do a class demo later in class

Cant use. Same as (1) + (2). Not an independent 
equation. 

Mazz= Untz VBtz = UBt

Can't use . Same as equs
(1) + (2).Not an independent

equ

Ma Kanz +Manz= MaVan + MB VBnz

Obtained empirically/experimentally ·
e .Obnz

- Oons Class demo...
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In class demo – calculating Coefficient Of Restitution (COR)

01 person cals

②1 person observes

③ I drops, Henry
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Central Impact Problems – Discussion
1. Equations Used in this type of problems:

[pg. 235 content]

2. Central impact = line of impact passes through centers of mass of bodies involved.

3. Reminder: The coefficient of restitution equation (COR) above (equation 4) is valid only for velocity 
components in the normal direction, n. 

4. Mechanical energy in System AB is not conserved during impact. Except in special case of e = 1 (which is 
physically impossible). See figure in top left or link: 
•  https://www.purdue.edu/freeform/me274/course-material/animations/impacts-and-energy/
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[pg. 245]
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②Kinetics
Lin Momentum is

conserved in n-dir: given

MaVa + mB(- VBi) = maVaz
+mBYB2(1)

?

⑤ Impact Rule (IR) :

given

es
Va
,.VB .

/

= - Vaz = e(vai - Vi) (2)

④ Use(1) & (2)
.

Solve Sar Vaz & VBa
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[pg. 246]
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Dtit
find O forTsolving later : Oa sin'( "
②Kinetics <Mint-dir is cons : (pg . 233)

① EFe =o ⑭nematicsorojection
Vayt = Vazt

'

Vaysing = Vazt(1)

⑮ EF =0

VB,FX, ⑩

'오
→ V1

VBIt = VB2t

- Voisino = VBet (2)

③ LM for syst is cons in n-dir: EFo

MAVain + MBVBan
= Ma Vazn + MBVBan

=> Ma(Vaycoso)+ m (-Voycos)
= Marazn +MBUBan (3)

⑪ Sequs , 4 unkns . Need Impact rule/e equ

VBLN-VaznIR :
e=Vayn-VBIn

=cost
(4)

⑤ Getwned Fon vectors . Using Pegus , 4rakus

(1) - (4) : Faz= Vazt estaan En

EB2= VB2++ +Van
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[pg. 247]
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⑭tandsproblem

?

⑬
seistem: A;

Λ en

@
· ↓

ーe

② Cons of Lin Mom .
n-dir of system

mU ,
sin Ox = VB2 m + musin Oz (1)

③
Cons of Lim Mom .

-dir of each particle

Particle A : MUy cos y = UnJA2 COSO2 (2)
←

Etiale B: 0 = -

⑪ Impact Rule (1R) :

e - TBN
-GINVAN
-OBINT
-nisino,osino (3)

⑤ Oe Jegns Sunkns.

02 =]
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[pg. 248]
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Newton's Cradle Problem

일 ?

?

thepost-impact ーー Vgo

① FBD
T

,pp
T2 [x
.

↓ to
mg mg ⑥ WIE

TN + VN +UN = Tfina Vinas

② Conservation of Linear
Momentum in X-dir =o = mro) be) Nong a

Mr. = M vi+ miv, V = - mgh

=v!
+v()) Unse=O

⑤ Impact Rule (IR) :
{ TfinaTS

e.r Vfint-mgLCOSE

"e.s ⑦ Use W/G toget On

= 0N
= v = vi - ev(2)

⑨ Plug (2) into (1)

Vo = v2 = eVo + v2

=> Ve=) Vo

⑤ Above equ means ...

Vé = Vo (te)n



Lec 23 Short 
Feedback Form:

[pg. 235]


