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Method Body model Fundamental equations 

Newton-Euler  
(relating forces to 
accelerations) 

particle 

rigid body 
(G = c.m. and A = 
any point on body) 

Work-energy  
(relating change in 
speed to change in 
position) 

particle 

rigid body 
(G = c.m. and A = 
any point on body) 

Linear 
impulse-
momentum  
(relating change in 
velocity to change 
in time) 

particle 

rigid body 
(G = c.m.) 

Angular 
impulse-
momentum  
(relating change in 
angular velocity to 
change in time) 

particle 
(O = fixed point) 

rigid body 
(A = fixed point or 
c.m.) 

  
!
F! = m!a

  
!
F! = m!aG

   
!

M A! = I A
!
" + m!rG / A # !aA

  T1 +V1 +U1!2
nc( ) = T2 +V2

  
where T =

1
2

mv2

  T1 +V1 +U1!2
nc( ) = T2 +V2

   
where T =

1
2

mvA
2 +

1
2

I A!
2 + m!vAi

!
! " !rG / A( )

   

!
F! dt

t1

t2

" = m!v2 # m!v1

   

!
M A! dt

t1

t2

" =
!
H A2 #

!
H A1

  where
!
H A = I A

!
!

   

!
MO! dt

t1

t2

" =
!

HO2 #
!

HO1

   where
!
HO = m!rP /O ! !vP

   

!
F! dt

t1

t2

" = m!vG2 # m!vG1

Kinetics Table 



ME 274 – Summer 2009 Name   

Examination No. 2  

PROBLEM NO. 1   
  

Given: Pellet P having a mass of m is pulled through a barrel (having negligible mass) 

by means of radial force F = 60R , where F is in Newtons and R is in meters. 

The barrel is constrained to move in a HORIZONTAL plane by rotating about 

shaft passing through point O. The system is released with R = R1 ,
 
!R = !R1  and 

 
!! = !!1 . 

 

Find: For the instant when R = R2 :  

a) determine the rotation rate of the barrel, 
 
!!2 . 

b) determine the value of
 
!R2 . 

 

Use the following parameters in your analysis: m = 20kg , R1 = 1.5 meters , 

 
!R1 = 4 m / sec , 

 

!!1 = 8 rad / sec CCW( )  and R2 = 3meters . 
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PROBLEM NO. 3    

  

Given: Blocks A and B are connected by the cable-pulley shown. The system is 

released from rest. Consider all surfaces to be smooth and that the masses of 

the pulleys are small compared to the masses of A and B. 

  

Find: Upon release, 

a) determine the acceleration of block B. Write your answer as a vector. 

b) determine the tension in the cable. 
 

Use the following parameters in your analysis: m = 5kg , M = 20kg and ! = 36.87° . 
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PROBLEM NO. 4    

  

Given: Block B, having a mass of m, is pressed against a spring (of stiffness k) that is 

attached to cart A. Cart A (having a mass of M) rests on a horizontal surface. 

The system is released from rest with the spring compressed by an amount of 

!. After release, block B impacts A, with this impact having a coefficient of 

restitution of e. Assume all surfaces to be smooth. (Note that since B is simply 

pressed against the spring, the spring can push but not pull on B.) 

  

Find: For this problem, 

a) determine the velocities of A and B immediately BEFORE impact.  

b) determine the velocities of A and B immediately AFTER impact 
 

Write your answers as vectors. 

Use the following parameters in your analysis: m = 20kg , M = 40kg , k = 3000 N / m , 

! = 0.2meters  and e = 0.5 . 

A 

k 
B 

m 
M 

2! 
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Final Examination  

PROBLEM NO. 1   
  

Given: A small object of mass m is placed on the inner surface of a conical dish that is 

rotating at a constant rate of !. The coefficients of static and kinetic friction 

between the object and the dish are known to be µs  and µk , respectively. 

 

Find: Determine the maximum rotation rate ! for which the object does not slip on the 

dish.  

 

Use the following parameters in your analysis: m = 5kg , r = 0.92 meters , µs = 0.4 , 

µk = 0.1  and ! = 36.87° . 
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