
Problem something 

A thin uniform hollow bar (OA) with 
mass 3𝑚 and radius of gyration at its 
center of mass (𝑘𝐺) contains a block 
(B) in its hollow section with mass 
𝑚. Bar OA is pinned at O and is in a 
vertical orientation with block B 
positioned a distance L/4 away from 
end O. A rope connects end O to 
block B to keep the block from 
sliding inside the slot. Assume the 
inside surface of the bar to be 
smooth. A moment is applied at 
point O (𝑀⃗⃗ ) in the CCW direction to 
get this assembly to start rotating 
from rest. Follow the steps below to 
find the normal force acting on the 
block and the angular acceleration of the bar ( 𝛼 𝑂𝐴) at the instant the moment 
is applied.  
Solution: 

Step 1: Circle the method you will be using to solve this problem 

(a) Newton-Euler 
(b) Work/Energy 
(c) Linear Impulse Momentum 
(d) Angular Impulse Momentum 
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Step 2: Draw free body diagrams for bar OA and block B. Please clearly define 
the coordinate system you choose for this problem. 

 

 

 

 

 

 

 

 

Step 3: Write out the kinetics equations you are using. 

Writing out Euler for the bar using point O (CCW positive rotation) 

∑𝑀𝑂 = 𝐼𝑂𝛼𝑂𝐴 = 𝑀 − 𝑁(𝐿/4) [equation 1] 

Writing out Newton’s law for the block in the x direction. (Note that the y 
direction is not needed here) 

∑𝐹𝑥 = 𝑁 = 𝑚𝑎𝐵𝑥  [equation 2] 

Step 4: Write out the kinematics equations you will are using. 

Need to relate the acceleration of point O to point B (center of mass for block) 
on the block using the rotating reference frame equations (ch. 3) .  

𝑎 𝐵 = 𝑎 𝑂 + (𝑎 𝑂|𝐵)𝑟𝑒𝑙 + 𝛼 𝑂𝐴 × 𝑟 𝑂/𝐵 − 𝜔2𝑟 𝑂|𝐵       →         𝑎𝐵𝑥𝑖̂ + 𝑎𝐵𝑦𝑗̂ = 𝛼𝑂𝐴(𝐿/4)𝑖̂ 

Using the x direction in the equation on the RHS we find 

𝑎𝐵𝑥 = 𝛼𝑂𝐴(𝐿/4)  [equation 3] 
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Note that N can be pointed in the 
other direction for the bar and 
block. They just need to be 
pointed in opposite directions. 



Step 5: Solve for the normal force acting on the block and the angular 
acceleration of the bar ( 𝛼 𝑂𝐴) using the values below. 

 𝑚 = 2 𝑘𝑔, 𝑘𝐺 =  1 𝑚𝑒𝑡𝑒𝑟𝑠, 𝑀 = 7 𝑁𝑒𝑤𝑡𝑜𝑛 − 𝑚𝑒𝑡𝑒𝑟𝑠, 𝐿 = 4 𝑚𝑒𝑡𝑒𝑟𝑠. 

First the moment of intertia for the bar about O. 

𝐼𝑂 = 𝑘𝐺
2 ∗ 3𝑚 + 3𝑚(

𝐿
2)

2

= 3𝑚(𝑘𝐺
2 +

𝐿2

4 ) = 3(2)(1 + 4) = 30 𝑘𝑔 − 𝑚2 

Plugging equation 3 into equation 2 we find… 

𝑁 = 𝑚𝛼𝑂𝐴 (
𝐿
4
) [Equation 4] 

Plugging this equation for N into equation 1 we find… 

𝐼𝑂𝛼𝑂𝐴 = 𝑀 − 𝑚𝛼𝑂𝐴 (
𝐿
4)

2

 

Rearranging a little 

𝑀 = 𝛼𝑂𝐴 [𝐼𝑂 +
𝑚𝐿2

16
] 

Just a little more math we find 

𝛼𝑂𝐴 =
𝑀

[𝐼𝑂 +
𝑚𝐿2

16 ]
=

7 𝑘𝑔 − 𝑚2/𝑠2

[30 + 2]𝑘𝑔 − 𝑚2 =
7
32 𝑠−2 

 

Using this number, we can plug it into equation 4 to find a value for the normal 
force. 

𝑁 = 𝑚𝛼𝑂𝐴 (
𝐿
4
) = (2 𝑘𝑔) (

7
32

 𝑠−2) (
4 𝑚
4

 ) =
7
16

𝑘𝑔 − 𝑚
𝑠2 =

7
16

 𝑁𝑒𝑤𝑡𝑜𝑛s 

 

 



Step 6: Is the block in contact with the left or right side of the slot? 

The value of N is positive, and we assumed it was to the right in the FBD for 
the block. Since the side of the slot can only “push” on the block to cause N, 
the block must be in contact with the left side. 
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PROBLEM NO. 2 (20 points) 

Given: A homogeneous disk with mass m is released 
from rest on top of a stationary triangular cart 
with mass 4m. The disk rolls without slipping 
down the cart, and the surface between the cart 
and ground is smooth. The cart's surface has an 
incline of 0 measured from the horizontal. The 
cart's center of mass (CM) is G, and the disk's 
CM is 0. 

Find: The velocity of the center of mass of the disk after 
it has rolled a distance L down the incline. At that 
instant, the centers of mass of the disk and the cart 

(First) 

4m 

are at the same height. Please write your final answer for the velocity in vector form. 

Solution: 

STEP A: Circle the method(s) below that you will use to solve the problem: 
(a) Newton/Euler 

~Work/Energy 

@ Linear Impulse Momentum 

( d) Angular Impulse Momentum 

STEPB: 
Draw the free body diagram (FBD) for the disk and cart 
system on the diagram to the right. On your FBD indicate the 
coordinate system you are using, states 1 and 2 of the disk, 
and your datum (if needed). 

STEP C: Based on your FBD, write out the kinetics and 
kinematics equations that you will use. Note that more 
space is provided on the following page. 
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PROBLEM NO. 2 (continued) 

STEP C: Kinetic and kinematic equations continued. 
-~ r,"> ,-) -) V VG 't w I)( Y"o,l 
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STEP D: Solve for the velocity of the CM of the disk when it has traveled a. distance L down the 
incline. Write your answer as a vector in terms of your established coordinates:· 
Use m = 1 kg, L = 1.5 m, r = 0.1 m, 0 = 36.87°. 
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PROBLEM NO. 4  
Part 4A (2 points)  
 
A crate is sliding to the left along a flat, horizontal 
concrete surface (coefficient of kinetic friction of PQ). At 
some point the crate begins to slide upon a smooth icy 
surface. At the instant shown, the center of mass G is 
directly above the transition from concrete to ice. Let 2) 
and 2F be the normal forces on the crate at A and B at 
that instant. Circle the correct response below regarding 
the relative sizes of 2) and 2F: 

a) 2) <	2F 

b) 2) =	2F 

c) 2) >	2F 
d) More information is needed to answer 

 
 
Part 4B (2 points) 
 
 

 
 
 
 
 
 
 
 
 
Consider the two cable-drum systems shown. For these systems, the drum has a mass moment of 
inertia of ?( about the centered pin support at O, and a cable is pulled over the drum. The cable does 
not slip on the drum. 

• For System 1, a block of mass m is attached to end A of the cable, with a force F = 2mg acting 
at end B. 

• For System 2, a block of mass m is attached to end A of the cable, with a second block of mass 
2m being attached at end B. 

 
Let |'@| and |'A| represent the magnitudes of the angular acceleration of the drums for Systems 1 and 
2, respectively. Circle the response below that correctly describes the relative sizes of |'@| and |'A|: 

a) |'@|	> |'A| 
b) |'@|= |'A| 
c) |'@|< |'A| 
d) More information is needed to answer  
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Part 4C 

 
 
In System 1 shown, a thin homogeneous bar AB (having a mass of 3m) is constrained to move along 
a vertical wall at end A, and is constrained to move along a horizontal guide at end B. In System 2, 
the thin bar is replaced by a bar AB having negligible mass to which particles A and B are attached, 
where A and B have masses of m and 2m, respectively. All surfaces in each system are smooth. Both 
systems are released from rest with 6 > 0. 
 
Part 4C.1 (2 points) 
Let 7)@ and 7F@ represent the speeds of ends A and B of the bar, respectively, in System 1 when 6 =
0. Circle the response below that correctly describes the relative sizes of 7)@ and 7F@: 

a) 7)@ > 	7F@	
b) 7)@ = 	7F@	
c) 7)@ < 	7F@	
d) More information is needed to answer 

 
 
Part 4C.2 (2 points) 
Let L@ and LA represent the angular speeds of AB in Systems 1 and 2, respectively, when 6 = 0. 
Circle the response below that correctly describes the relative sizes of L@ and LA: 

a) L@ >	LA	
b) L@ = 	LA	
c) L@ <	LA	
d) More information is needed to answer 
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Part 4D  
Given: The collar has a velocity !8  in the direction shown. 

 
Part 4D.1 (2 points) 
Find: With the information given above, choose the best answer 
choice that describes the rotation of link BC: 

a) Link BC has zero angular speed. 

b) Link BC is rotating counterclockwise. 
c) Link BC is rotating clockwise. 

d) Cannot be determined/not enough information. 
 
Part 4D.2 (2 points) 
Find: Choose the correct response below comparing the speeds of 
points B and C: 

a) !F > !8 
b) !F = !8 
c) !F < !8 
d) Cannot be determined/not enough information. 

 
 
 
Part 4E (2 points) 
Given: A disk is supported by a cable/pulley system, as shown, where 
the cables do not slip on the pulleys. Let TAB and TDE represent the 
tension in sections AB and DE of the cable, respectively. On release, 
it is known that C is accelerating upward.  
 
Find: Choose the correct expression below about the relationship 
between TAB and TDE. 

a) $)F > $WM 	
b) $)F = $WM	
c) $)F < $WM 	
d) None	of	the	above.	
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Part 4F (6 points) 
Given: The undamped, single-degree-of-freedom system 
shown below is made up of block A (of mass +) and a spring 
of stiffness ,. The spring is connected between A and base B, 
with B given a prescribed displacement of -(/) = -Y	cos	 Ω/. 
Let 7](/) represent the particular solution of the EOM for this 
system. Time histories for 7](/)	(SOLID line) and -(/) 
(DASHED line) are shown below. 
 

 
 
Find: From the figure above: 
 
The excitation amplitude -Y is equal to: 

a) 1 mm 

b) 2 mm 

c) 4 mm 

d) None of the above. 
 
The excitation frequency Ω is equal to: 

a) 2π rad/s 

b) 3π rad/s 

c) 4π rad/s 

d) None of the above. 
 
The natural frequency 9^ of the system is: 

a) greater than the excitation frequency, Ω. 
b) less than the excitation frequency, Ω. 
c) equal to the excitation frequency, Ω. 
d) More information is needed in order to answer this. 

y (t) = excitationAmplitude = Im -----

Xp(t) = part. soln .
--

-

T= 0. Ss

G

excitation Freq

↑ = 4 ra
C Th

period

① Look& plot , compare
- Xp() & y(t)

② Notice they out of phase

③ : 1> Wr - (b)


