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General Instructions

No collaboration of any kind is permitted on this examination.

Y ou may use 2 double sided pages of reference notes. No other material may be consulted
Write all your solutions in the space provided. No sheets should be added to the exam.
Make diagrams and sketches as clear as possible, and show all your derivations clearly.
Incomplete solutions will receive only partia credit, even if the answer is correct.

¢ If you find you are unable to complete part of a question, proceed to the next part.

Please initial the statement below to show that you haveread it

"By affixing my nameto this paper, | affirm that | have executed the examination in accordance
with the Academic Honor Code of Brown University. PLEASE WRITE YOUR NAME
ABOVE AL SO!

1-10: (20 PTS)

11: (10 PTS)

12: (10PTYS)

13: (10PTYS)

14: (10 PTS)

TOTAL (60 PTS)




FOR PROBLEMS 1-10 WRITE YOUR ANSWER IN THE SPACE PROVIDED.

ONLY THE ANSWER APPEARING IN THE SPACE PROVIDED WILL BE GRADED.
ILLEGIBLE ANSWERSWILL NOT RECEIVE CREDIT.

1. Two cylinders with equal mass density start at rest,
and roll without dlipping down an incline. Cylinder 1
has radius R and cylinder 2 has radius 2R. Which
cylinder will have a higher velocity when it arrives at
point B?

(@) Cylinder 1

(b) Cylinder 2

(c) Both the same

(d) Neither will ever reach B.

ANSWER (2 POINTS)

2. Theunit kg m%sis used for:
() Rotational Kinetic Energy
(b) Power
(c) Angular Momentum
(d) All of the above
(e) None of the above

ANSWER (2 POINTS)

3. A vibration isolation table can be idealized as shown in the

figure. It is subjected to a harmonic force F(t) with amplitude F(t)
0.IN and angular frequency 10 rad/s. The amplitude of | T
vertical vibration is p 1qu

(b) 0.2 mm

(©) 1 mm

(d) 10 mm

(e) 20 mm

(f) None of the above

1
(@) 0.1 mm 1000N/m _Zle/m

ANSWER (2 POINTS)




4. A bead of mass m dlides on frictionless ring of radius R in a
vertical plane. The block is subjected to a vertical gravitational
force mg as well as a force P=2mg that is always oriented along
the direction of dliding. The block starts from rest at point A.
What is the velocity of the block when it reaches point B?

(@) v=\/2Ry
(b)v=1/2(x -DRg

(0) v=/4Ry

(d) v=,/2(2v2-1)Rg
(e) None of the above

ANSWER (2POINTYS)

5. A bird lands near the tip of a branch, and is observed to oscillate up and down about once a
second. The bird on the branch can be idealized as a lightly damped spring-mass system. When
the vibration stops, the (static) deflection of the tip of the branch is approximately equal to

@ 0m

(b) 0.05m

() 0.25m

(d) 0.50 m

(e) 0.75m

f 1Im

ANSWER (2 POINTS)

6. A vehicle mounted on its suspension system is idedlized as a L
rigid body supported by three springs as shown in the figure. ——— 3

How many vibration frequencies does the system have, assuming Kk

that motion is confined to the plane of the figure? |>°"VW'°| m | ; h
(@ 2 k K

(b) 3

(c) 4

(d) 6
(e) None of the above

ANSWER (2 POINTS)




7. The figure shows a collison between two identica

spheres. The restitution coefficient for the collison e=0. A B A B
Before the collison, A moves with speed v, and B is
stationary. During the collision ’ . ..
(& Momentum and energy are both conserved
(b) Momentum is conserved, and the energy increases T’ Collision
(c) Momentum is conserved, and the energy decreases 0
(d) Energy isconserved and momentum increases
(e) Energy is conserved and momentum decreases
ANSWER (2POINTYS)

8. A ‘Critically Damped’ vibrating system
(a) Vibratesforever if it is disturbed from equilibrium
(b) Vibratesif disturbed from equilibrium but the vibrations decay quickly
(c) Returnsto equilibrium following a disturbance without vibration
(d) Never returnsto its equilibrium configuration if disturbed
(e) Feelswet and insulted.

ANSWER (2 POINTS)
9. Beats are heard when two sounds have
(@) nearly the same amplitude
(b) nearly the same frequencies
(c) twice the amplitude
(d) exactly twice the wavelength
ANSWER (2 POINTS)

10. The viscous damping factor for the system shown in the figureis
@ ¢ =c/~/2km m |
(b) ¢ =c/2J2km K -Lc k
(©) ¢ =2c/2km A
d) ¢ =c/2Jkm

oo

ANSWER (2POINTYS)




11. The figure shows two identical masses that K

2,
are connected to springs with stiffness k. The K
masses vibrate with displacements x(t), x,(t) VY m vy m —W\—
from their equilibrium positions. When —= —

X =%, =0 thereisno force in the springs.

11.1 Draw afree body diagram for each mass on the figure provided below

(3POINTS)

11.2 Write down the changes in length of each of the three springsin terms of x,x,. Hence,

use Newton’s laws to show that x,(t), x,(t) satisfy the equations of motion
d?x,
e +2kx, —kx, =0

m

2

d
dt)z(Q—kx1+2kx2=0

m

(4 POINTS)



11.3 Add and subtract the equations of motion to show that the norma modes
G =X + % a, = X% — X%, satisfy equations of the form

d? d?

T‘}mfoa:o dt‘gzmngzo

Hence, determine formulas for the two natura frequencies w,, o, .

(3POINTS)



12. The figure shows a robot arm. Point C on B C
the arm is required to move horizontally with )

constant speed 1m/s. This s accomplished by m I T: 1mis
rotating links AB and BC with appropriate i€ > Cx
angular speeds w5, ws. and  angular : Im 8 =0
accderationsa g,agc - The goa of this 450 J

problem is to calculate values for w,g,wg., A L;i

Qng,0ge a theinstant shown.

12.1 Determine formulas for the velocity vectors vg,v. of points B and C, in terms of @,g, g -
(You do not need to solvefor w,g,wg. until 12.3).

(3POINTS)

12.2 Determine formulas for the acceleration vectors ag,a. of points B and C in terms of
QpgsQge » Wpg, e - (YOU do not need to solve for « g, a5 UNtil 12.3)

(3POINTS)



12.3 Hence, calculate the required values of w,g,wpc , A pg s %pe

(4 POINTS)



13. The figure shows a bar with mass m and length L that is pivoted
about point A. The bar is stabilized by a torsional spring with stiffness
x , which exerts a restoring moment with magnitude 6 at A. The goa
of this problem is to determine the natural frequency of small amplitude
vibrations of the bar.

13.1 State, or derive, the mass moment of inertia of the bar about point A, in
termsof mand L.

(2 POINTS)

13.2 Write down the total potential energy of the system, in terms of m,g,L, x,6 .

(2 POINTS)



dé

13.3 Write down the total kinetic energy of the system, in terms of m, L'E .

13.4 Hence, use energy conservation to show that 6 satisfies
mL* d*0 L.
——+k0-mg—sind=0
3 dt? M5

13.5 Findlly, determine aformulafor the natural frequency of vibration.

(2 POINTS)

(2 POINTS)

(2 POINTS)



a
>
oV

14. An‘inerter’ isasuspension element that exerts aforce F that isrelated to its length L by

_dL

e
where u isaconstant (NOT friction coefficient!). The figure shows a proposed design for such adevice.
It consists of a disk with mass m, radius R and mass moment of inertia mR?/2 which is rigidly

connected to an axle with radius r. The axle rolls without dlip between platens AB and CD (which have
negligible mass). The objective of this problem is to derive an equation for the coefficient u

14.1 Draw afree body diagram showing the forces acting on the disk/axle and platen CD on the figures
provided below. Gravity may be neglected.

CI .D > F
=)
(3POINTYS)
14.2 Suppose AB is stationary and the disk and axle rotate with J
angular velocity wk . Find the velocity vectors v, and v, of the & i

center O of the axle and point D interms of r and @ /\
Cl ]
e )"

NA \/BI

7/

(2 POINTS)

10



14.3 Write down the equations of linear (F=ma) and rotational (M = la.) motion for the disk.

(2 POINTS)
14.4 Hence, show that

u="

(3POINTS)

11



