
ME 274: Basic Mechanics II
Lecture 21: Particle Kinetics – Linear Impulse-Momentum



LIM equation

𝑚𝑣⃗ - linear momentum of the particle

∫ 𝑅𝑑𝑡
ଶ

ଵ
- impulse from the net force acting on the particle

• Linear impulse-momentum relates the change in linear momentum to the impulse (force applied over 
time) acting on the particle.

• a vector equation → we can resolve it into components!
𝑚𝑣௫ଶ = 𝑚𝑣௫ଵ + න 𝑅௫𝑑𝑡 
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𝑚𝑣௬ଶ = 𝑚𝑣௬ଵ + න 𝑅௬𝑑𝑡 
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• If there is no resultant force, the linear momentum is said to be conserved: 𝑚𝑣௫ଶ = 𝑚𝑣௫ଵ 

• Conservation of momentum does not imply conservation of energy (or vice versa)
• For systems of multiple particles, internal forces cancel → make your system as large as feasibly possible!

Linear Impulse-Momentum Key Takeaways:



②  t ,  ( M p - m p - m c )  V  -  O

@ t .  m y  +  C p  +  m e )  V p n - o

( m  p t m  c )  U p . c i

M b

M p

M c
-  M b V b

V  p  +  c  o p p o s i t e  d i r e c t i o n

t o  V b



F B D

k i n e t i c s

→  n o  f o r c e s  →
l i n e a r  m o m e n t u m

c o n s e r v e d  i n  X t y

L I M  x - d i r :

-  W e V B ,  =  ( W i s  +  W A )  V a x  >  ¼ _  - W B  V B ,

W B  +  W A

B
A

g  g

L I M  g -  d i r :

W A  V A ,  =  ( W B "  W A )  V z y  ⇒  V z y  =  W A V A ,
9  W B  +  W Ag



②  ①

③

T

t w
( s h o r t  t i m e  f r a m e )

i m p a c t ,  L I M

F B D

1 - 2

c o r d  c a n n o t  c a r r y  a  t r a n s v e r s e
l o a d

¥  V B I  -  W Y  V 2  x

V 2  =  W B I
( w o w )



2 - 3  →  c h a n g e  i n  v e l o c i t y ,  c h a n g e  i n  P o s i t i o n  →  W - E
ñ  I t  T

T  2  I   2  +  U w  4 3  - T  3  +  ∀  3

2 -  ½  ( W t f )  v , '  =  2  ( W B , ) ²

V 2  = - ( N  +  w )  L

U 2 ,  =  0  →  t e n s i o n

W o w

O

a l w a y s  N o r m a l

T z  =  0

⇒  ( N e w )
→

3
↳  C O S O m a x

1  ( W V B , ) ²
<  g  ( w i n ) - ( W o w )  L

-  ( W - W ) L C O S ⊖ m a

→  s o l v e  f o r  ⊖  m a x

g l w . t w )



E n e r g y  L o s s  f r o m  1  →  2

e n e r g y  a t  e a c ht o t a l
t i m e  =  K i n e t i c  +  p o t e n t i a l

+  E )  -  ( T - T , )A E n e r g y  =  ( z

½  ( W B , ) ²
g l w . t w )

½  ¥  V B 1 ²



①

②  ③  ④

o u r
d a t u m

1  →  2  s l i d i n g  d o w n  g u i d e
W - E

V m g

0  ( R F R )  T 2  - E M V ?

 =  0

U n 2 - 0

>  0  =  ½ m y ? - m g h

Y  =

T ,  +  # +  4 1  →  2  =  ½ - %

d a t u m

l

=

E -  - m g h

L g h



2  →  3  i m p a c t  e v e n t  →  L I M

a s s u m e  s h o r t  d u r a t i o n
b e f o r e  i m p a c t  ( o n l y  p  m o v i n g )

n o  s p r i n g  c o m p r e s s i o n
>  a f t e r  i m p a c t

>  n o  r e s u l t a n t  f o r c e ,
l i n e a r  m o m e n t u m

c o n s e r v e d

M p v ,  +  S F . I t  - ( p  +  m a )  ⅓

V 3  =  M p  2

( M p t m a )

3 → 4  s p r i n g  c o m p r e s s i o n  →  W E

p o s i t i o n  3

¼  ½  ( M p t m a ) v ?

=

=

=  M p  Z g h

( M p  +  M A )

m g

F

m p t g h

M p  +  M A

V - O]

v i a : O

s o s i t i o n  4

=  O

V 4  =  ½ K  ( A L ) '

W o r k  -  E n e r g y

M i g h  =  2 k Δ L
M p + M a

Δ L  =
Z m i g h

K ( M p + M a )


