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T&AM 203 FINAL EXAM
Wednesday May 17, 2000

Draft May 9, 2000

4 problems, 100 points, and 150 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

~N 7 . . .
¢~ —free body diagrams«— are drawn whenever linear or angular momentum balance is used;

correct vector notation is used, when appropriate; -

17—  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 defmed,

e workis I. ) neat,

IL. ) clear, and
II1.) well organized;

« your answers are TipiLy 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 “d7 = 18” instead of, say, “theta7dot = 18”.

¢) Substantial partial credit if your answer is in terms of well 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: /25

Problem 2: /25
Problem 3: /25
Problem 3: /25
TOTAL: 100
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1)(25 pts) Yo-yo. A yo-yo of mass 2m is made of two identical disks (mass m, radius R,
thickness D) glued on either side of a massless spindle (radius r, thickness d). A
string is wrapped around the spindle and unwinds without friction, The string has
total length L and is infinitesimally thin and massless. G is at the yo-yo’s center of
mass.

L

a) (3 pts) Does G move in the z-direction as the yo-yo falls
and unwinds? Why or why not?
b) (6 pts) Find G’s vertical acceleration. Comment on the \l, 3
two cases:
i)R<<r and #H)YR>>r,
c) (4 pts) Find the tension in the string.
d) (5 pts) Write an expression for the total kinetic energy of
the yo-yo when G’s speed is v. |
e) (5 pts) If r << L and the yo-yo starts from rest, find v |
when the string is fully unwound. |
f) (2 pts) Under what circumstances will the yo-yo rewind - P e
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2)(25 pts) Particle on a springy leash. A particle with mass m slides on a rigid

’ horizontal frictionless plane. It is held by a string which is in turn connect-
ed to a linear elastic spring with constant k. The string length is such that

the spring is relaxed when the mass is on top of the hole in the plane. The

position of the particle is ¥ = i + yj. For each of the statements below,

state the circumstances in which the statement is true (assuming the particle stays

on the plane). Justify your answer with convincing explanation and/or calculation.

a) (2 pts) The force of the plane on the particle is mgk.
b) (2pts) i+ £z =0

c) (2pts) j+L£y=0

d) (3 pts) # + £r =0, where r = |7

e) (2 pts) r = constant

f) (3 pts) § = constant

g) (3 pts) 29 = constant

h) (2 pts) m(22 + 3%) + kr® = constant

i) (3 pts) The trajectory is a straight line segment.

J) (3 pts) The trajectory is a circle.
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3)(25 pts) The problems below (a-d) are independent.

a) (5 pts) A falling wire. A U-shaped wire (of the given dimensions) falls from
a height h without rotation and strikes a tabletop at T completely inelastically.
Briefly defend your answers to the following questions.

During impact:
i) {1 pt) Is the wire’s linear momentum conserved?
ii) (1 pt) Is the wire’s angular momentum about G constant?
iii) (1 pt) Is the wire’s angular momentum about T constant?
iv) (1 pt) Is the wire’s angular velocity conserved?

v) (1 pt) Is the wire's total mechanical energy (kinetic + po-
tential) constant?
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b) (5 pts) Mars Polar Lander. Last December when the Mars Polar Lander was
lost, some blamed its simple thrusters (devices that eject gas and thus are capable
of providing an impulse in a single direction). Argue using dynamical principles, the
minimum number of thrusters required to have complete three-dimensional control. LMB
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¢) (5 pts) A falling tower. Frequently parents will build a tower of blocks for their

. children. Just as frequently, kids knock them down. In falling (even when they
., start to topple aligned), these towers invariably break in two {or more) pieces at
some point along their length. Why does this occur? What condition is satisfied at

the point of the break? Will the stack bend towards or away from the floor after
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d) (10 pts) A pea shooter. A pea of mass m is being blown out of a tube at constant '-CFOM 1‘)‘ 4’007-
speed v. The tube itself is at a constant angle § to the vertical and spins at constant

angular velocity wok (i.e., it sweeps out a cone). At the instant shown, the tube is
in the yz-plane and the pea is at a distance R along the tube.

~ This? O

i) (7 pts) What is the pea’s acceleration?
ii) (3 pts) What force acts on it?
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21')(25 pts) Double pendulum. Two identical homogeneous slender bars (weight W, length
- L, frictionless hinges) hang vertically in a gravity field. They are initially at rest
when a horizontal force P is suddenly applied at the center of the top bar.

a) (10 pts) Write out expressions for the accelerations of the s

centers of mass Gr and Gp in terms of the angular motions o] A 1 3

of the bars. i
b) (10 pts) Write down sufficient equations to solve for the

reaction forces at A and C, and for the angular motions. ' S G T A
c) (5 pts) Describe how to use Matlab to solve these equa- P J
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