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Housekeeping/Announcements
***Reminder for Henny to wear a mic during the lecture.
1. HW 20 (4.I and 4.J) due today!!
2. Office hours are changing to ME2008B…

• Second floor of renovated side of ME.
3. Bonus quiz grade at end of the semester if we get a good response rate to QR code surveys at the end of 

lecture.
• If you are unable to attend lecture on that day/forget to fill it out:

• Feel free to give feedback based on the content of that lecture’s slides.
• Way of you reviewing previous content and giving feedback to me.

• Todays Examples:
• 4.C.1 p. 236
• 4.C.3 p. 238

④ Quiz 04-due on Fri
,
03/06

. Gradescope
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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 21-23) - Analyzing change in velocity during a change in time
• Angular impulse/momentum - 

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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Linear Impulse-Momentum (LIM) Equation

[pg. 227 and start of 229 content]

Objectives for today’s lecture/section: 
1. Develop linear impulse-momentum equation, used for:

•  Analyzing change in velocity during a change in time
2. Extend idea to study systems of particles (like we did for W/E Equation)
3. Concept of conservation of linear momentum

Where:

•                 is the linear momentum of the particle 

•                 is the impulse of the net force acting on the particle

Linear Impulse-momentum Equation:

[ 1 m )

Analyzing change in velocity during a change in time

mÖz =miRdt
mb linean momentum

S' Rdt impulse
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Derivation - Linear Impulse-Momentum (LIM) Equation

[pg. 228 content]

1. Using Newton’s Second law we have…

2. Integrate both sides

3. Rearrange and we get the LIM Equation
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Discussion - Linear Impulse-Momentum (LIM) Equation

[pg. 229 content]

1. This equation relates the change in velocity to a change in time

2. LIM Equation is a vector equation, unlike the W/E equation (from last lectures), it can be resolved 
into components

3. If                   is zero, then linear momentum is conserved in that direction. 

4. Conservation of momentum does NOT imply or result from conservation of energy

Rdt linear momentum is conserved{
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System of Particles – LIM Equation

[pg. 232 content]

We can extend the LIM Equation to a System of Particles:

1. Internal Forces cancel, and only the impulse due to the External Forces contributes to the total linear 
momentum of the chosen system/FBD

2. Make your choice of the system to be as large as possible, to make as many forces as possible 
internal to the system.

• However, remember that there might be cases where you are asked to solve for a force that you 
made internal to your system.

• In this case you may need to redraw your FBD. This is better seen in Example 4.C.3 Part (b). 
Where you redraw your FBD to solve for tension.  

Interna Forces

large as possible
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[pg. 236]



p .

236

@44 ?

날⑥ 2Dt ?

28 มี .
唱 :

8

陥列籔:
20N 0

.1s Nb⑩ㆁ : ' 1//,'/1,Ut = 0
.
25

DD ③ Apply Linean Impulse Momentum Eqn (41m) in X-dir

Fm mo
,

+ f(F-f)d+ = mVz

‰
⑪ Part (a) O to Lt

② iuties Find 5
mu,

+ J8
*

(Fo -Mxmg)d+ = miz

EFy = 0 = N-mg
- = mv , + (Fo -Mumg)0t = mVz

=> N =mg

f=MkN
=>ii] unkn 1 eqn .

Solve

다탈웃
-Mimg

⑤ Part (b) 0 to 201Ch1: Area under curve

mu = 132+(F-f)dt = mVe

b
m

µ

mu
,

+ 1.** (Fo-Mimgdt +120t/M-Mumydt = me ; split int ot

mr + Folt-Mrmg Lt + FoUt-Mamght- mE ; area under
curve.

= v2 : Solve For We



⑤ Part (b) 0 to 201Kuch2: formal integration

mu + 100+

(F-f)dt = mVe

mu
,

+ 1.** (Fo-Mymg)dt +1204/2F-Et-Mkmg)dt = mV2 ; split into oOt-2t

⇐
mu , + (Fo-musmg)ut + [2Fot-_oth me

=xmV
,

+ Folt-Mkmgot + 4 Fout-Zumg [2Fot-FMmg0t] =Mr

=> mu , + SFolt-Mmht-2FoUt-2mumght-2FoUt+t mgot = m e

=

mu,+Zum = Mu

= v2 : Solve For We



9

[pg. 237]



p.237
=> mg

ob; Ms = 0.5 ;Mp + 0. 2 it = 10s

날 ?
①D

w ¤
F‰ sot

2 !s,

②Kietics LIM X-dir :

initially & rest

my + ((F- f)dt =muz(1)
② Determine Net impolse , SCF-5)dt

③ Sis
a Sen w/ F

. Net implse is O until Smax reached.

δ

E
F

fmax-MsN ; So this

Farit

⑪ematics Use Kinematics toget Smax

ƩFy : O

= N = w

⑤ Plug-in
Snax-MgW

=> so/b

⑧ W/ Solb det t .
= 2 . 5s · (1) * (

s
[20+ - MKW]dt= vz

Net impulse -0 titte
. 북

Fs28t(slope of line)
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[pg. 238]



p.238

Un
,
2 ?

Targ

# x

옷

(a)
미

tog + barge
OD trg alone

mg M g

↓ d m
,

e⑳⑳

↑ 4FoM ↑
FomFom

&ties LIM x-dir
forces. No Impulse ②ties LIM x-dir

No external

{mo, +(/)d+ = [mvz

mini + Sid+=mu

M+Musi = mua+Muse (1) ⑭ iematies

&Kinematics Use Upl to find UB,
Replace STdt Sor Tang &t

/A = VB - Vx ④e

=> VB2 = VB/AtVaz(2]
=> Mvai + Tag Ot = mUAz

④ S@ Use (1) & (2) .

Solve Va12

=> (m +M)va) = mVaz+M(vB/x + Vnz)
"Farg
-(m

06
-(m+M)VA= (m +M)vaz+ MUB/A

=T VA2



Lec 21 Short 
Feedback Form:

[pg. 229]


