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1. (35 pts.) b o
Statics. A massless spool of radius R is at rest i1 a wédge-shaped groove as shown.
A mass m hangs by a massless thread wrapped around the spool axle of radius r
(0 <7 < R). Wall OA is frictionless but the wall OB is frictional. There is gravity.

a.) (20 pts.} Find all reaction force vectors at A and B in terms pf some or all
ofim, r, R, 6, g,1 and j.

What is the smallest possible coefficient of friction u for no motion if:
b.) (5 pts.) r =0 (justify your answer)

c.) (10 pts.) r = R (justify your answer)
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Spring and mass, Consider the 1-D spring-mass system shown (no gravity, no
., drag or friction, mass m, massless spring with constant k). In case (i), the force k B

: ; A
} F(t) applied at the end of spring (point B) is given. In case (i), the displacement () -
“ z(t) of point B is given. When = = z = 0, the spring is unstretched. ©
I’—_‘ z(

a.} ( 20 pts.) Using power balance, ind an equation of motion for z(t) in each of

the cases (i) and (ii), in terms of the given quantities. ' A k B
b.) ( pts.) Suppose F(t) = qt where q is a given constant and ¢ is time. The (%) t_
initial conditions are 2(0) = 0 and z(0) = 0. Find z(t) in terms of m, k, g, — 2

and t. (Hint: use the results for cases (i) and (i) in part (a}.)
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Spring-mass-dashpot system. The spring-mass-dashpet system shown (all
i springs have constant &, all carts have mass m, the dashpot has constant e) is
i in equilibrium when z; = 0, i = 1,2,3. Treat thisas a one-dimensional system. i 5 T, ol
y — ~ k-
5 a.) (10 pts.) Find £3(%) in terms of z¢, &4, k, m, and c. 1 k A 1 m
e ” L
B b) (20 pts.) Let 21 = 3y, 29 =T2, 23 = 23, 24 = :él, 25 = 5:2, and 25 = i:a. Find y m m . e |

a system of first order ODE’s for z;, i = 1,..., 6 and express it in matrix form ; o
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Two blocks and a spring. Two blocks of masses M and m are connected by a

* spring with constant k and free length £y that can sustain compression. Mass M
is resting on the ground. There is gravity. The vertical displacement of mass m
is = as shown in the figure (z = 0 when the spring length is £y, z > 0 for spring
compression).

a.} (5 pts.) At what value of z is the system in equilibrium? m

b.) (10 pts.) Write an equation of motion (ODE) for z, assuming M does not lif
off the ground.

'1———6& —*}I
g
o

D3

k
¢.) (6 pts.) Draw freebody diagrams of M (i)when the spring has some general g
compression or extension, and (i} when it is extended an amount so that M l
is about to Lift off the ground. M

d.) (4 pts.) What is the position z of m at the instant when M is about to lift
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alley-Mass system. For the system shown (masses ma, mg, no friction, ideal

i i
sulleys, inextensible string, force Fi) find: ,I
Julley ; i )
z
a.) (15 pts.) the accelerations a, and ag; and . ﬁq B i
- 3 . mB mA ?
b.) (15 pts.} the tension T in the string. : /Em : LT
k ]

ib) (10 poir.xt;s) D<?es the cart have simple harmonic motion for small or large oscillations (specify which if either)? (Simple
harmonic motion is when position is sine-wave and/or cosine wave function of time.)
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(—'}‘) Two blocks both of mass m are connected to the massless pulleys as shown. There is no friction at the pulleys or where
the blocks slide. The string is taught and inextensible. At the- moment of interest block B is moving up with a speed of
3m/s.
1a). (15 points) What is the velocity of block A, v,?
1b) (15 points) Find any of the following quantities (full credit for any one): The tension in the string (T'), the acceleration
{ block B (ap), or the acceleration of block A (84). Answer in terms of m and/or g and any relevant unit vectors.
Make clear which quantity you have found (T, ap, or & A).
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@) #- (30 points) A particle moves along the x-axis with an initial velocity v; == 60m/s
“at the origin when ¢t = 0. For the first 5s it has no acceleration, and therafter it is
acted upon by a retarding force which gives it a constant arcleration o . 1r. 1.2
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(40 points) A trailer of 1000 kg mass is being towed over the bumpy road shown in
the figure at a constant speed of 10 m/s. Before the trip started a 500 N weight was
placed in the trailer and it was observed that the trailer moved .02 meters downward.
Assume that the wheels of the trailer are always in contact with the road and that
there is a linear spring between the wheels and the trailer. C

(a) Model the trailer as an undamped, forced oscillator. Write the equation of motion.
(b) What is the trailer’s natural frequency?

(c) Determine the amplitude of oscillation of the trailer.

(d) At what towing speed will the amplitude of oscillation be the greatest?
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