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5 problems, 100 points, and 150 minutes (no extra).

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 problem(s).

b) Full credit if

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

mentum balance is used;

&  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 pooriy defimed,;
e workis I ) neat,
IL. ) clear, and
III.) well organized;

* your answers are TipiLy REpucep (Don’t leave simplifiable algebraic expressions.)
O your answers are 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 “6, = 18” instead of, say, “theta7dot = 18”. You will be penaliz~d,
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: /15

Problem 2: /20
Problem 3: /25
Problem 4: /20
Problem 5: /20

TOTAL: /100



1) (15 pt) Two equal masses are stacked an tied together by the pully as shown. All bearings are frictionless.
All rotating parts have negligible mass. The line is inextensible.

0) @b pt) for basic setup diagrams, assumptions, and equations needed to answer the questions
below.

a) (5 pt) Find the acceleration of point A.

b) (5 pt) Find the tension in the line. " ~
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2) (20 pt) Two identical masses (m = 2kg) move in a straight line without friction. Three identical springs
(k = 7N/kg) hold them in place (one between the left mass and a wall, one between the two
masses, and one between the right mass and the wall). When the horizontal displacements x;
and z; of the masses are zero all three springs are relaxed.

The system is released from rest at ¢ = 0 with z1(0) = 0.3m and z,(0) = —.3m.

a) (15 points) Write Matlab code where the final output will be the position of mass one at t = 10s.
Your code should be general enough to handle arbitrary initial conditions. [Do not just use
Matlab to evaluate the solution from (b) below.]

b) (5 points) Write a formula for the answer above. That is, evaluate an analytic solution of the
resulting differential equations at ¢t = 10s . [Hint: Using ideas from the lab makes this problem
much easier than blindly grinding through the methods of Math 293, 294].

N -X; X, —
J[ A - Xl’xﬂ

T, Q—EA [P T, (—-—II f_y Ts
Tl = l( Xl T)_ = /< (y&")(l\j 7—3—: - I< Yf

/
{Lﬁg fou ﬁ? ./‘|\'-'—:) "77 2 :m)(/
—-kY| ‘l’k@(ﬁy/]:h;('/

A _2k v kY. =mX) @

-k X = (kve-x,)) :M)?IL |
cx, —2Kye =m¥ @

! b4
(D X@ :'? XI | — K K ' ,
m %, - L ~L || ¥z

Given LCg! X,0)= .7 ("‘-Jt‘hﬁ (""’*”’5-}“’7‘
d ol = - mis am"fj)

3
\/. (0) =0 ﬁ{e—(ﬂqiuy V‘ZX"
VL(O) =0 Vo= X




(2.(014’”4}
Kio=35 Kuo= =3 Vip= 05 Voo™

ZU = ZXN )(Lo Vlo \/Zo] ;

deiver
tpn L0104 tle
B Zvl = ode 2—.3 (,'I'WOH:CI:J\/ {’P“‘/ 24) ;

answer = 7 (ehel/ l) ‘%9 ha'f‘e/ ha Jemi coloy

Fauc(*/’ah Zdot = fc(/ﬂt)[%kf (‘él Z)

(‘< — ?/l m= 2/‘
/
ps = [20) 2@}
l .
vel = [ZCKJ 2] Jwo bloc ks,

‘)OS‘JH'"’ VC';

veldat = kx(-2 1) ‘
| —-2_']*[305/”' )

2dA= [ posdot'  veldet' 1

e —— o A B3

'7 I'ASpec:"ioh « hosrw( m;de o( +his Jyj,‘/é’b, hea)
Hlﬁkl imwh9 ezua//y'ﬂhd 6’]9[944“')[0/7a ﬂPl’“"? XL—“‘“‘)(/ Jo

@:-D ms('; et "'gle?; X‘:‘."A(a_[(/—i?g:-é +’B-""(/"_f';;p'é'
Ind ond 9 p= .3, B=0
_<o/ (n consisFent u,m'{f/ At =00

( X, = Hcos 3’.“.'5 £ = .3(as(1o@fj@)




3) (25 pt) A suitcase on level ground with wheels in front and skids in back is pulled by its handle with a
forward force F'. The handle is directly above the front wheels. In all cases you are given these
quantities and can use them in your answer:

m = total mass of suitcase;

I€ = the polar moment of inertia about an axis through the center of mass G and in the
ussual zz direction (perpendicular to the plane on which a side view of the suitcase
is drawn);

h/2 = the height of G above the ground;

¢/2 = the distance G is forward of the rear ground contact at A,

¢/2 = the distance G is behind the front ground contact at B;
d = the height of the handle at D above the center of mass of the suitcase;
u = the coeflicient of friction between the rear skids and ground;
g = the gravity constant.

0) (10 points) for the basic diagrams, stated assumptions, and mechanics equations needed to solve
the parts below.
a) (5 points) Given F and that F is big enough for non-zero forward acceleration, and that F is
not so big as to cause the suitcase to tip, what is the acceleration of the suitcase?
b) (5 points) What is the smallest F' that can make the suitcase move at all?
c) (5 points) What is the biggest acceleration that can be achieved without the suitcase tlppmg
over forwards? o
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4) (20 pt) An inverted pendulum is supported at one end A by a hinge that moves up and down and, at
the instant of interest, has an upwards acceleration a. The pendulum mass is m and its moment
of inertia about the center of mass G is IS. G is a distance ¢ from the end at A. At the instant
in question the pendulum is tipped counter-clockwise from the vertical an angle ¢ and is tipping
at the rate ¢. Gravity g is pointing down.

Find ¢ in terms of some or all of a,6,m,I%, g, ¢, and ¢.

F’ B D [Hint: you can check to see if your answer reduces to something you know well when ¢ = 0 and
I€ = 0. Another check is to set a = -9.]
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5) (20 pt) A “centripital gun” consists of a rod hinged at one end at A and a frictionless collar that slides
on the rod at the moving position C. The gun is powerred by the applied torque T. Neglect
gravity. At the instant of interest you are given

T = the applied torque (counterclockwise is positive);
my = mass of the rod;
my = mass of the colar;
I¢ = m;£2/12 =the polar moment of inertia of the rod about an axis through the center
of mass G and in the ussual 2z direction (perpendicular to the plane on which a [
side view of the suitcase is drawn);
¢/2 = the distance from A to G (from end of rod to COM); Ca.\ e 'fd
R = R(t) = the distance from A to C (the radius of the collar);
R = R(t) = the rate of change of distance from O with time; AV‘& ws FB D ¢

6 = 6(t) = the counterclockwise angle of the rod relative to a fixed +z axis. k -‘
6= 0(t)=46; VOA X (goI€ 2

Find R in terms of some or all of T, R, R,6,6,m1, ms, ¢, and IC . . ’( ’(
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(Simplify your answer until it looks simple.]
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