
Fixed Axis Rotation 

If…  

1) The body is symmetric w.r.t. the plane of motion, then the products of inertia = 0 

2) All forces are applied in the same plane (co-planar), then  
!
M

A
 will only have a z-

component. 

 

Equations of Motion: 
 

!
F! = m

!
a
G

 

     
!
M

A! = I
Az

!
"  

    *** 
 

!
a
A

= 0  if the rotation axis goes through A 

 

 

100-lb crate pulled up ramp by a winch 

Inner radius of winch = 6 in. 

µk = 0.4 

 IA = 3!slugi ft 2  

 M A = 40 fti lb  (couple exerted by motor) 

What is the acceleration of the crate? 

 

 

We need some FBD’s… 

 

 

 

 

 

 

 

 

 

 

 

  



Let 
 

!
a
x
= acceleration of the block up the ramp 

And  
!
! = clockwise angular acceleration of the drum. 

 

For the crate: 

 

!
Fx! = T " 100lb( )sin20 " µkN =

100lb

32.2
ft

s2

#

$%
&
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!
ax  

 

!
Fy! = N " 100lb( )cos20 = 0  

 T ! 100lb( )sin20 ! 0.4( ) 100lb( )cos20 =
100lb

32.2
ft

s2

"

#$
%

&'
ax   (unknowns = T and ax) 

For the Drum: 

 
 

!
M A! = M " 0.5ft( )T = I A#  

  T = 2 1
ft( )M ! 2 1

ft( ) IA" = 2 1
ft( ) 40 ft i lb( ) ! 2 1

ft( ) 3slugi ft 2( )"      (unknowns = T and α) 

 

Set equations equal: 

 
100lb( )sin20+ 0.4( ) 100lb( )cos20+

100lb
32.2ft

s2

!

"#
$

%&
ax = 2 40lb( ) ' 2 3slugi ft( )(  

 34.2lb + 37.6lb + 3.11slug( )ax = 80lb ! 6 slugi ft( )"  

 
3.11slug( )ax = 8.2lb! 6slugi ft( )"  

 

But we still have 2 unknowns!! 

 Relate a
x
 and ! : ax = r! = 0.5ft( )!   ! =

ax

0.5ft
 

 

3.11slug( )ax = 8.2lb ! 6 slugi ft( ) ax

0.5 ft

"
#$

%
&'

 

ax = 0.543
ft

s2  

 

 



Slender Bar, mass = m, length =  ! , 

frictionless pin support at one end. 

 

The bar is released from rest in a horizontal position (as shown). 

 

Determine !  and F
A

 (reaction force at the pin)  

 

 

!
F
x! = A

x
= ma

x
 

 

!
Fy! = FAy " mg = may  

 

!
M A! = 1

2
"( )mg = I A"  

 

 

 

Look up the moment of inertia for a long, slender rod (back cover of text) 

 For a rod rotating about G: 
 
I = 1

12m!
2  

But this rod rotates about its end. So we need to use the parallel-axis theorem: 

 

Parallel axis theorem: if you know the moment of inertia of a body about an axis through 

G, you can calculate the moment of inertia of that body about any other parallel axis. 

Iz ' = IGz + xG
2
+ yG

2( )m  

 

I
z ' = I

Gz

what!we
looked!up

!"
+ m d

z

2

distance
fromG to A

!"
 

 

So we get:  IA = IG + m !
2( )

2
= 1

12m! 2
+ 1

4 m! 2
= 1

3m! 2  

 
1
2 !( )mg = 1

3m!
2
!  

 

! =
3g
2!

 

To find FAx  and FAy , we need to know a
x
 and ay … 

 

 


