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3 problems, 100 points, and 90* minutes.

Please follow these directions to ease grading and to maximize your score.

a) No calculators, books or notes allowed. Six pages of formulas from the front and back of the text are
provided. The back of the test can be used for tentative scrap work. Ask for extra scrap paper if you
need it. '

b) Full credit if
“eo” —free body diagrams« are drawn whenever linear or angular momentum balance is used;

correct vector notation is used, when appropriate;

1—  any dimensions, coordinates, variables and base vectors that you add are clearly defined;
+ all signs and directions are well defined with sketches and/or words;

—{  reasonable justification, enough to distinguish an informed answer from a guess, is given;
s  you clearly state any reasonable assumptions if a problem seems poorly defined;

e workis 1. ) neat,
II. ) clear, and
II1.) well organized;

« your answers are TiiLy Repucep (Don’t leave simplifiable algebraic expressions.);
O your answers are |boxed| in; and

> unless otherwise stated, you will get full credit for, instead of doing a calculation, presenting Matlab
code that would generate the desired answer. To ease grading and save space, your Matlab code
can use shortcut notation like “97 = 18” instead of, say, “theta7dot = 18”.

¢) Substantial partial credit if your answer is in terms of weéll defined variables and you have not substi-
tuted in the numerical values. Substantial partial credit if you reduce the problem to a clearly defined
set of equations to solve.

Problem 1: /35
Problem 2: /30
Problem 3: /35

TOTAL: /100



1) 35 pts) Bouncing baton. Two equal point masses are connected by a
massless rigid rod of length L. While horizontal, the baton falls
without rotation until it reaches the speed v and the left ball strikes
the rigid surface of a table. At this instant the center of the rod
is just over the right edge of the table. The collision is elastic

{conserves energy).

a) Immediately after impact, what are the velocity of the rod’s
center and the angular velocity of the rod? Answer in terms
of some or all of 1, §,v, L, g, and m.

b) Assuming no other interaction with the table, accurately
describe —using equations if appropriate— the subsequent
motion and rotation of the baton. Answer in terms of some
or all of i, j,v,L,g, and m.

¢) What is the minimum value of v for which the left mass
will miss the table in its subsequent motion. Assume no
subsequent collision of the massless rod with the surface.
Answer in terms of some or all of v, L, ¢, and m.

@) Can use AMB/ FBD during collision
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{Continue work for problem 1 here)

Use relative motion Yo qet Neu, K
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2)(30 pts) Static and Dynamic Balance A seties of bodies, each of uniform density djea,éh;withfi;git;al_ -
mass m, rotate at a constant angular speed w about a fixed horizontal axis. Ignore gravity. For
“each body state whether the body is (i) statically balanced and whether it is (i) dynomically
balaneed. _C_iive clear arguments using words or equations to support your claims. R
(iii, iv) For-each body you must either (a) add one point mass m or b)

two point masses
each of mass m/2 (your choice) that maintain - and < ey are balanced,
or that make the bodies statically and dynamically balanced. Justify your placement with words
and/or equations. The masses need not be added to the bodies, but could be attached off the .
bodies by structures with negligible mass. [Hint: none-of the placements are unique. You may
draw & side view if that helps clarify your placement.] -

static and dynamic’ balan:

a) A rectangular plate (height h, length £) mounted with the axle per-
pendicular to:the plate and through its center.

i) Statically ba_la.ncéd?_ '@no) Why?. L
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iii) Are yc)ui adding one mass or two?

iv) Mark the location (or locations) as accurately as you can on
the figure and explain your reasoning clearly.
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b) The same plate as in (a)' above but mounted at an angle ¢ # 7/2
from the shaft.

i) Statically balanced? (Fes/Ro) Why? _
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ii) Dynamically balanced? (yes{ao)Why?
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iii) Are you adding oné mass or two?

Two .

iv) Mark the location (or locations) as accurately as you can on
the figure and explain your reasoning clearly.
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1if) Are you adding one mass or twa?
One. .

iv) Mark the location (or locations) as accurately as you can on
the figure and explain your feasoning clearly.
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A sphere with Tadius R where the shaft passes a distance d < R
from the center.

i) Stasically balanced? (ye%@Why”
No, cerfec mass o'l m the amis.
% need oxbra force 1o provide cwbwreta/aae[@mﬁh

i) Dynamlcally balanced? (yes/no) Why?
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iii) Are you adding one mass or two?

One -

iv) Mark the location (or locations) as accurately as you can on
the figure and explain your reasoning clearly.
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3)(85 pts) Hanging disk, 2-D. A uniform thin. disk of radius R and mass .. ;..
m .hangs m a gmvmy field g from ¢ Springs each ST S

) rotatmn is ¢ = 0 and the
: ’y = 0. Assume throughout that
nly moves up and down, and that ¢ is small:
y be regarded as vertical when calculatmg‘

thier étretch (sing = ¢ -and cos¢ =1).
a) Find ¢ and i in terms of some or all of ¢, §, v, 9, k,m, R,_aﬁd s PN
g- ‘ ’ . '
y

b) Find the natural frequencies of wbratlon in terms of some
of all of k, 7, R, and g.
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(Continue work for problem 3 here)
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