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3 Problems, 90 minutes (+ up to 90 minutes extra if you want it)

How to get the highest score?

Please do these things:
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Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used. -

Use correct vector notation.
Be (Dneat, (M)clear and (W) well organized.
TIDILY REDUCE and your answers (Don’t leave simplifyable algebraic expressions).

Make appropriate Matlab code clear and correct.
You can use shortcut notation like “7; = 27" instead of, say, “T (7) = 2+pi;”.
Small syntax errors will have small penalties.

Clearly define any needed dimensions (£.%,d, ...), coordinates (x, y,r.0...), varables (v, m,1,... )
base vectors (7, j, é,, é,, A ) and signs (&) with sketches, equations or words.
Justify your results so a grader can distinguish an informed answer from a guess.

If a problem seems poordy digfimed, clearly state any reasonable assumptions (that do not oversimplify the
problem).
Work for partial credit (from 60-100%, depending on the problem)

~ Put your answer is in terms of well defined variables even if you have not substituted in the numerical
values.

- Reduce the problem to a clearly defined set of equations to solve.
~ Provide Matlab code which would generate the desired answer (and explain the nature of the output).
Extra sheets. The last page is blank for your use. Ask for more extra paper if you need it. Put your name

on each extra sheet, fold it in, and refer to back pages or extra sheets on the page of the relevant problem.
Problem 4; 125
Problem 5: /125
Problem 6: /25



1) Find, by whatever means pleases you (but mot allowmg computer algebra), the equatxons of motion of the
system below. You need not invert the mass matrix (that is, you need not solve for 6 and X). That is, write a clear
set of equations from which you could find § and ¥ if given m, M, r, R, 19, 2,0, @, x and %. Ris the distance

from the center of the hollow cy]mder to the center of the ro]lmg cxlmder o
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1) Find, by whatever means pleases you (but not allowing computet algebra), the equations of motion of the
system below. You need not invert the mass ‘matrix (that is, you need not solve for 8 and X). That is, write a clear

set of equations from which you could find @ and #% if givenm, M,r, R, 1% 2.6,0.x and K R is the distance :
from the center of the hollow cylmder to the centcr of the rong cylinder. R ‘

~ m, V'I SRl
: wm w/-.-! slm -

A e il _. |
. e
L——.”ﬁf; 0/0
el / A // AR
Kine rriadics ¢
oS — v&
= ¥
Voo Vaa i o
- VA
. 1 ik
T ’ —7 v o E’g é’o
- Re
%{a K i\ i’ic: e
Co =~ 08r = Yo =500 G
RO =LOr
. ~
g.= sn@f ~cos€)
— AT
&, = CosOf + 0]

Laa rﬁ'i'yé { |
e B : M

Hollew Cﬁ!;r‘*du’ e _s-m i .
Rotly "”ﬂ C(j-mo'le’f, rf‘r,: e Rer —? VG: —)f;; «j{@eg
| | Vg,, (% *R@C@q§>?+Ra‘Sit’}QJ
?é’é,‘g& = ¢+ 24RO CosO + R 9 os &
+ B0 an |
= Q,QK@@@@ AR eh

Y



5 \/,zn’t(x +Qxfi6c@5@+l<9) ,{.!I&'“
Ep e ﬂ’tgﬁ(}@@ ; : | R
Z!(M*m))( . mxﬁtcesﬁ émﬁe +/,2I' (-_-)g

| o ﬂ’fj 9059 |
%%;: 0 3‘5L = (/W*m)x + mR@cvs@
- a%?)x = (M"’m>2< s mkBeos® - mRG sING

(0= -5+ mkBeos - k&6 | O

oL -mxRE sin B : mg R sin@

06
dcf = mxﬁc‘m@ + mK @ 5 I ('{% 6

%0 &(ﬁ)
ddl ,amg mxﬁ@gsr}g ; mrze L 0
ot I8

Mmgﬁssm§ mxf?imséf ff/f;';?gmf’?@

rmrzg « TC (8 g

lﬁ mgglg,;ﬂg = p’}’lg;(p(f@s@ + 9 (mR 157 (‘é‘)")}




2) A rigid tube has the shape y’ = = ¢x'2. It is rotated about the origin at constant @ along Wltl] itsx' —y’
coordinate system Inside the tube a particle moves, due to magical forces, with constant X' =uv,. Atthe instant
of mterest the x’ — y’ axis is coincident with the x — y axis and the bead is at x’ = 1 (in some consistent umts)
ion @ of the bead in terms of vy, ¢, w, ¢ and j. g
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3) Consider the equation for the undamped sinusoidally forced harmomc osc:]lator
m# + kx = F,sim(wr)

a) Assuming @ # (/k/m finda particular solution x(t) to the goveming .equation.

b) As accurately as you can, plot the amphtude and phase of that solution (nonng any key pomts on the axes).
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