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5 problems, 25" points each, and 150.0 minutes.

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

a) No calculators, books or notes allowed. A blank page for tentative scrap work is provided at the back.
Ask for extra scrap paper if you need it. If you want to hand in extra sheets, put your name on each
sheet and refer to that sheet in the problem book for the relevant problems.

b) Full credit if

N . .
o —free body diagrams«— are drawn whenever force, moment, linear momentum, or angular mo-

mentum balance are used;

e correct vector notation is used, when appropriate;

T—  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;
you clearly state any reasonable assumptions if a problem seems poorly defined,

o ¥ L

work is 1. ) neat,
IL. ) clear, and
III.) well organized;

» your answers are Tipiy REDUCED (Don’t leave simplifiable algebraic expressions.);
O your answers are |boxed| in; and

> Matlab code, if asked for, is clear and correct. To ease grading and save space, your Matlab code
can use shortcut notation like “g; = 18” instead of, say, “theta7dot = 18”. You will be penalized,
but not heavily, for minor syntax errors.

c¢) 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 4: /25

Problem 5: /25




1) (25 pt) The inadequately commented Matlab code below runs without error. It solves at least one basic
mechanics problem.

a) Using a sketch, and words if needed, describe a mechanical system to which this code applies.

b) What does A represent? B? C7

c) Pose the specific question that the Matlab code answers. A e 4 5'90-0‘
d) -

a
Draw the plot that Matlab draws. Label the ‘y’ axis appropriately. Your plot needs to be s
quantitatively correct at t = 0. At other points the plot should clearly show the nature of E___'}ﬁ’—-‘
the solution, but need not be quantitatively accurate.

function finalexam() / I‘/ =8 K
A=5B=1,C=3; / m
tspan = linspace(0,10,1000); ‘; -
20 = [0 5); 4 ¢ )

[t,s0ln] = ode45(@rhs,tspan,z0,[],A,B,C); / 0,+ )(“) [

z1 = soln(:,1); ‘

z2 = soln(:,2);

plot(t,z1); EQB'

xlabel(’time’)

ylabel("’Put something meaningful here.’) KX — 3—1

end C 7'< &}

function zdot = rhs(t,z,A,B,C)

Zl = Z(l)? F.:.rY’4 4e

22 = z(2); JX':V —_? -KY—C;<="")<
zldot = z2; . .
z2dot = -(A*z1 4+ B*22)/C; ‘% ;( = {K X 'l-C)()/M

zdot = [zldot z2dot)’;

end -> \‘/ :.G()(-]—CV)/M
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2) (25 pt) At the moment of interest an asteroid m is a distance R from
the sun M and attracted to the sun according to Newton’s law of
universal gravitation (with constant G). At just this instant the
asteroid’s velocity v (with magnitude v = |v|) makes an angle of
7/4 with a radial line.

a) Find the acceleration of the asteroid. Your answer must be
in terms of v, R,m, M, G, ég, €9 and no other quantities. If
you think you need other quantities (e.g., #) you must find

them.
b) Find 6 in terms of v, R,m, M and G. B D
q Find R in terms of v, R,m, M and G. F
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3) (25 pt) A uniform cubical block (sides L, density p) rides on the back of a truck that has acceleration
a= aj. The block rests on a horizontal but diagonal wedge on the bottom of the truck. Assume
the block only touches the wedge at points A and B (marked on sketch). The block does not
slide on the wedge. Rod CD keeps the block from tipping.

a) What is the tension in rod CD (in terms of some or all of L, p,a and g7
b) The horizontal part of the reaction at B can be resolved into components parallel and

orthogonal to the line AB. What is orthogonal component of the force acting at the block
at B (in terms of some or all of L, p,a and g7
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4) (25 pt) A running person trips and falls on his or her face. Imagine an
American football player tackled at the ankles and, from the instant
of the tackle on, the ankles act as a hinge. Model the running
person in state (0) as an upright uniform rod of length L and mass
m running at speed vg. From just after being tripped, call this
state (1), until just before the head hits the ground at state (3) the
person falls like a pendulum hinged at the feet. Find, in terms of
some or all of vg, m, g and L, the speed of the top of the head when
it hits the ground.
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5) (25 pt) A yo-yo is dropped. Simultaneously the hand at the other end of
the string is accelerated up. The hand is directly over the edge of
the yo-yo spool so that the string is vertical. The hand is accel-
erated up at just the acceleration needed to keep the yo-yo from
falling. That is, the yo-yo spins faster and faster but stays in ‘LJ

place. You are given the radius r of the spool on which the string han 4
is wrapped, the outer radius R of the yo-yo, the mass m of the ;fh'h, ac ¢¢l¢m"/
yo-yo, the yo-yo moment-of-inertia I¢ about its center of mass G, L

and the gravitational constant g.

a) (1 point) Write “I have read the directions on the cover and
understand them.”
b) (8 points) What is the tension in the string?

c) (8 points) What is the acceleration of the hand?

d) (8 points) Consider a point P on the yo-yo that is on its
outer boundary a distance R directly above G when the yo-
yo is released from rest. What is the acceleration of P after
one revolution? (Clearly define any unit vectors you use in

your work and answer.)

; / ‘. “+7\Q (even, k ' )
0\)_[ L)OFV Iumleﬂ"{'“"bé‘ the A'Md-lmj ‘ , 6)

¢ FBD ET LB ?F:mf

M4
f]r’lB/& . | -G -

o= TH/T® -
e my /T C=omt (Q
/
Kine matrd ~
LwrCi] @

2 4!
2. = -w R)

o)

w@

_‘1__,___

I‘G‘
:;_. S . TTV‘R""‘j A . ~Yh&)v
> J,P‘“ L_E—-————-‘J T I(_;

;(F Z h4r = :.Ltf ; + ‘177“3\ )7@

AN




