
ME 274: Basic Mechanics II – Spring 2024 Name  
Final Exam – April 29 
 
  
Problem 1 (20 points) 
A person is rolling a wheel with an outer radius of R on a flat ground. A constant force F is applied 
to the wheel, with its direc1on tangent to the wheel, and with the angle between the horizontal 
and the radial line at the force loca1on is !. The direc1on and ac1ng posi1on of the force F is not 
changing with 1me (i.e., " is constant during the process). The wheel is rolling without slipping 
at the contact point C. The mass of the wheel is m and the mass moment of iner1a about its 
center of mass G is #+ . 
 
Follow the solu1on steps below to find the accelera1on of G and the angular velocity of the wheel 
at a prescribed instant in 1me. 
 
Please use the following values in the calcula1on for the ques1ons below: $ = 160 N, ! = 30°, 
+ = 0.5 m,	#+ = 4	kg ∙ m),	m	= 32	kg   
 

    
 
 
SOLUTION 
 

(a) Draw free body diagram on the figure below 
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Problem 1 (con2nued) 
 

(b) Find accelera1on of the wheel center G. Express the answer in vector form using the 
coordinates given in the figure in Part (a). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) At the ini1al 1me of t = 0, the wheel is at rest. Find the wheel’s angular speed 6 at 7 = 5 
s.  

  

Newton : [Fx = mag : Esinb + f : may

Enter : Method 0 : Choose G :

IMG : IG :
- FR +R : IgG

method : Choose C :

& Mc = I c
:
- Sind(RRSID) - FCOSPRSH = Ich

Ic = 16 +Mr

Kinematics : ag : al+ 2 x52) - n ray
T

c : 92 = -RG

- F RC/ +SinP)sole : 2 :

M
: 10 rad/s

S

ac = -R2 = 5 rals f = G - Find = 80 N

Methodo : We = 0 + S. d = - 50 rad/s

method 0
: Un = 0 + Jandt =

25 M/s

kinematics : W : -R . W => (2= = -50 rad/s
method : Angular momentum ,

choose C :

H2 = 0 + 5 Mcdt = 1
.

5 - FR(1 + hirp) dt = -120x5 = - 600 g . Ys
W2 = E = -50 radsas

method : Angular momentumn : Choose G :

H1 = 0 + 50 Madt = So <FR + fRIdt = -40x5 = -200 kgMYs
We =I = - 50 rails

method : liner momentum : MV2 = 0 + 55 (Flipp + fidt = 160x5 = 800kgm/s

=>
2

= 25 m/s => WL =- = Forad/s
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Problem 2 (20 points) 
Given: A homogeneous pulley (having a mass 8 and 

outer radius +) is supported by a cable. A block 
C with mass 28 is connected to the pulley with 
a rope at point O. The height difference 
between the pulley and block is ℎ. The block is 
connected to the spring with a s1ffness of : 
and negligible mass. The system is released 
from rest with the spring ini1ally unstretched 
(State 1) with a constant force $ applied to end 
of the cable. Assume that the cable does not 
slip on the pulley. The figure shows the system 
at State 1.  

 
Find: Follow the solu1on steps below to determine 

the angular velocity 6 of the pulley a_er point 
O has moved up a distance of ; (State 2). 
Express your answer in terms of, at most 8, ℎ, 
;, +, : and the gravita1onal constant <. Write 
your answer as a vector. 

 
SoluKon 
Step 1: FBD  
 Use the spaces below to draw the FBD for the system consis1ng of both the pulley and 

the block. Your FBD must indicate the relevant coordinates.  
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Step 2 KineKcs: 
Write down the work energy equa1on for the system based on the FBD in Step 1. Please 
use the provided datum. You may define and use any new unknown variables needed in 
Step 2 to express the following terms. 

=. = 

>. = 

?.→)<7 = 

=) =  

>) = 

Step 3 KinemaKcs: 
Write down the kinema1cs equa1ons that are needed to solve this problem. 
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Problem 2 (conKnued) 

Step 4 Solve: 
Using the equa1ons from Steps 2 and 3 above, solve for the angular velocity 6 of the 
pulley. Your answers should be in terms of, at most: 8, ℎ, ;, +, : and <. Write your 
answer as a vector. 
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Problem 3 (20 points) 
Given: Consider the system described below. It is comprised of a disk and a lumped mass, each 

with mass m and with the disk having a radius R. The disk and the lumped mass are 
interconnected via a rigid, massless link at points A and G, respec1vely.  The  relevant 
dimensions of the link are given on the figure. AGached to the disk at point G is a spring 
with a s1ffness of 2k. Addi1onally, a damper with a damping coefficient c is connected to 
the lumped mass m. The disk rolls without slip, while the lumped mass slides along a 
smooth surface. The mass moment of iner1a of a disk about its center of gravity is IG = 
(1/2)mR2. The displacement of the center of the disk G is x. 

 The known variables are k, c, m, L, R. 
 

z  
 
Find: The equa1on of mo1on of the system by comple1ng the following steps. 
 
SoluKon: 

a) Draw FBDs of the disk, the massless link, and lumped mass on the figures provided. 
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Problem 3 (con2nued) 

b) Write down the relevant Newton-Euler equa1ons for each FBD. 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Use kinema1cs to establish the rela1onship between the angular displacement, angular 

velocity, and angular accelera1on of the disk and the transla1onal displacement, 
transla1onal velocity, and transla1onal accelera1on of the disk's center of gravity G, 
respec1vely. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
d) State the rela1onship between the displacement, velocity and accelera1on of the 

lumped mass and the disk’s center of gravity.   
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Problem 3 (con2nued) 

 
e) Use the equa1ons in parts (a), (b), (c), and (d) to derive the differen1al equa1on of mo1on 

(EOM) of the center of the disk G.  This EOM should be wriGen in terms of, at most, the 
known variables along with !, !̇ and !̈. Put this equa1on in standard form with the 
coefficient of !̈ equal to one.   
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
f) Use the equa1on of mo1on in part (e) to determine the undamped natural frequency 

($*) and damping ra1o (%) for this system. These should be expressed in terms of, at 
most, the known variables. 
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Problem 4 (20 points) 
Part A (3 points) 

Find: 

Given: Two cars are approaching an intersection at constant speeds D, = vi 
and vp = -2vj respectively as depicted in the figure. (No partial 
credit) 

a) In the coordinate axes to the right, sketch the vectors v, and a. 

Part B (3 points) 

b) Write the velocity that car B will appear to have to an observer in car A in 
vector form, and sketch it in the coordinate axes to the right. 

Find: 

Given: The mechanism shown in the figure consists of links 
OA, AB, and BE. Link OA is rotating counterclockwise 
at a rate WOA: (No partial credit) 

a) Sketch the location of the instant center for link AB 
on the figure. 

Name 

-2uj -

b) Is link AB rotating clockwise, counterclockwise, or not 
rotating at this instant? 

BE' 

Cantclodewise 

Lo woA 
2 

SoLUTnON 

c) Is link BE rotating clockwise, counterclockwise, or not rotating at this instant? 

W3¬ 

L. 

clockwise 

LoA A 

d) Each of the three links has a mass of m, with the lengths of the links shown in the figure. 
Write expressions for the angular momentum of link OA about point O, (Ho).,and link 

BE about point E, (Hg)er at the instant shown. Use m, LoA, Lgg, , woA, and Wpg. 

L g 

+y 

OA" 

Lgg 

+X 
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Part C (2 points) 

Find: Select the correct statement for the instant shown: 

a) P is in contact with the inner surface of the slot 

Given: A particle P moves along a smooth semicircular slot of radius R = 1 m in the vertical plane 
as depicted in the figure. At the instant shown, =30° and the particle speed is v = 2 

b) P is in contact with the outer surface of the slot 

Name 

c) P is not in contact with any surface 

SoLUDON 

d) There is not enough information to determine if P is in contact with a surface. 

m/s. Useg = 9.8 m/s?. 
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Part D(2 points) 
Given: Smooth particles A and B impact each other as shown in the figure, with a coefficient of 

restitution 0 <e<1. All motion happens on a smooth 
horizontal plane. 

Find: Circle ALL the correct responses below. (No partial credit) 

a) For system made up of A alone during impact: 
i) linear momentum in the x-direction is conserved 

ii) linear momentum in the y-direction is conserved 
ii) linear momentum in the n-direction is conserved 
(v) linear momentum in the t-direction is conserved 

V) energy is conserved 

b) For system made of A and B during impact: 
(i linear momentum in the x-direction is conserved 
(ii) linear momentum in the y-direction is conserved 
i))linear momentum in the n-direction is conserved 

(iv)) linear momentum in the t-direction is conserved 
V) energy is conserved 

Part E (4 points) 

Name 

Find: 

SOLUON 

Given: The vertical shaft OA rotates about a fixed axis with a constant 
rate Q. The arm AB is pinned to OA and is being raised at a 
constant rate . An observer and the xyz axes are attached to 

AB. The XYZ axes are stationary. (No partial credit) 

a) What is the angular velocity vector for arm AB (xyz axes) when 
9= 90°? 

dt 

b) What is the angular acceleration vector for arm AB (xyz axes) when = 90°? 

50 

X 
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Part F (6 points) 
Given: A homogeneous disk (mass m and radius R) rolls 

without slipping on a rough horizontal surface. A 
spring (stiffness k) is attached between the disk 
center O and ground, as shown in the figure. Let 
x describe the position of O such that the spring 
is unstretched when x = 0. (No partial credit) 

Find: 

a) Is energy conserved in the system? Justify why or 
why not. 

No 

b) What is the natural frequency of the system, w,? 

3m 

24 

Slnut: 

(2) 

c) What is the amplitude of the steady state response for this system X (w)? 

Alwn-w)efo 

lx(6)|- fo 

Name 

etenoiy applied force Fu) 

wn 

k 

A 

te (t) Asinwt tB os Wt, pt)-Au swt-Bcosw t 

okunu) 

wo-w 

R 

w 

d) At what forcing frequency w>0 does the magnitude of the response X(w) equal the 
magnitude of the response when w = 0? That is, when is |X()]= |X(0)|? 

/wn-wwnt 
2 

w 

no slip 

2w 

2 w 

F() = Fo sinat 
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