Your Name:

T&AM 203 Final Exam
Tuesday Dec 12, 2000 3:00 — 5:30 PM

Draft March 20, 2007

5 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. Ask for extra scrap paper if you need it.

b) Full credit if
“e” free body diagrams«— are drawn whenever linear or angular momentum balance is used;
correct vector notation is used, when appropriate;

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;

(gg_\L H- T |®

you clearly state any reasonable assumptions if a problem seems poorly defimed;

work is 1. ) neat,
II. ) clear, and
I11.) 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 “f7 = 18” instead of, say, “theta7dot = 18”. Pick generic (not

special) numerical values for constants not defined in the problem statement.

¢) 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: /
Problem  2: /
Problem 3 /
Problem 4 /
Problem  5: /
TOTAL: /100



1)(20 pts) Spring mass.

a)

b)

c)

d)

(5 pts) Find the equation of motion, a differential equation, for the variable z in the system
above. Your differential equation can contain x, its time derivatives, m, ¢, k, and £y (Please
read item (b) on the cover page.)

(5 pts) Assume ¢ = 0, z(t = 0) = d, and £(t = 0) = 0. What is & at time ¢ (answer in terms
of some or all of m, k, £y, d, and t.

(5 pts) Assume relatively large ¢ (¢* > 4km), z(t = 0) = d, and Z(t = 0) = 0. Find z(t) (or
write code that would find z(t)).

(5 pts) Whether or not you have succeeded at part (¢) above, make a clear plot of = vs t for
the conditions in part (c) above.



(work for problem 1, cont’d.)



2)(20 pts) Car on a ramp. A junior level engineering design course asks students to build a cart (mass
= m.) that rolls down a ramp with angle §. A small weight (mass m,, < m.) is placed on top
of the cart on a surface tipped with respect to the cart (angle ¢). Assume the small mass does
not slide. Assume massless wheels with frictionless bearings

a) (5 pts) Find the acceleration of the cart. Answer in terms of some or all of m., g, i,0 and

j. (In accordance with the directions on the front cover you may use other convenient
coordinates if you like.).

b) (10 pts) What coefficient of friction u is required (the smallest that will work) to keep the
small mass from sliding as the cart rolls down the slope? Answer in terms of some or all of
Me, My, g, 0, and ¢.

c) (5 pts) What angle ¢ will allow a small mass to ride on the cart with the smallest coefficient
of friction? Answer in terms of some or all of m.,m,,g, and 8. (You get full credit for a
correct answer to this question even if the answer to (b) is incorrect. Conversely, an answer
based on incorrect work in part (b) is incorrect.)



(Work for problem 2, cont’d.)



3)(20 pts) A swinging disk. A uniform disk of mass m and radius R is hinged at one end and swings in

its plane from a hinge on its circumference.
a) (10 pts) Find a differential equation that describes its motion. Describe the motion with an

angle 6 that is zero when the disk is hanging straight down. (Your equation should have in
it some or all of 6, its time derivatives, m, g, and R.

b) (5 pts) What is the period ¢, of small oscillations? Answer in terms of some or all of m, R
and g.

c) (5 pts) If instead the disk was swinging in the perpendicular direction (with its center moving
perpendicular to the plane of the disk) would the frequency of oscillation be higher, lower,
or the same? (Correct guess earns one point.)



(work for problem 3, cont’d.)



4)(20 pts) Speeding tricycle gets a branch caught in the right rear wheel. A scared-stiff tricyclist
riding on level ground gets a branch stuck in the right rear wheel so the wheel skids with friction
coefficient p. Assume that the center of mass of the tricycle-person system is directly above the
rear axle. Assume that the left rear wheel and the front wheel have negligible mass, good bearings,
and have sufficient friction that they roll in the j direction without slip, thus constraining the
overall motion of the tricycle. Dimensions are shown in the lower sketch. Find the acceleration
of the tricycle (in terms of some or all of ¢, h, b, m, [I°™"], u, g, i, j, and ).
[Hint: check your answer against special cases for which you might guess t; answer, such as ‘
when p =0 or when h =0.]

©
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(Work for problem 4, cont’d.)



5)(20 pts) Mass on a lightly greased slotted turntable or spinning uniform rod. Assume that the
rod/turntable in the figure is massless and also free to rotate. Assume that at ¢t = 0, the angular
velocity of the rod/turntable is 1rad/s, that the radius of the bead is one meter, and that the
radial velocity of the bead, dR/dt, is zero. The bead is free to slide on the tod. Where is the
bead at t = 5sec?

Top view y

Top view y




(Work for problem 5, cont’d.)



Your Name:

T&AM 203 Prelim 1
Tuesday Sept 26, 2000 7:30 — 9:00t PM

Drafe September 26, 2000

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. Two pages of formulas, from the front of the text, and a
blank page for tentative scrap work are provided at the back. Ask for extra scrap paper if you need
it.

b) Full credit if

N

¢~ —free body diagrams«— are drawn whenever linear or angular momentum balance is 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;
s you clearly state any reasonable assumptions if a problem seems poorly defined,

[} Work is 1. ) n_eat7

II. ) clear, and
IT1.) well organized;

« your answers are tipiy 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 “67 = 18” instead of, say, “theta7dot = 18",

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: /40
Problem 2: /30
Problem 3: /30

TOTAL: /100



1)(40 pts)

1a) (15 pts) A mass m is connected to a spring k and launched from its static equilibrium position
at a speed of vp. It then oscillates back and forth repeatedly crossing the equilibrium. How
much time passes from release until the mass moves through the equilibrium position for
the second time? (Answer in terms of some or all of m, k, and vo.) [Neglect gravity and
friction.] ]———PX-»'O AT ERUILIALIUD™ g 3,0
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1b) (10 pts)
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For the mass above, how far does the mass move from the launch position before it first reverses its velocity?
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1c) (15 pts)
A mass m = 1kg is held in place by a spring & = 1N/ m and dashpot ¢ = 1N/(m/s). An oscillating force is applied of
F = Asin(\t), with A = 1N and A = 1/s. After any initial transients have died down, how far does the mass go back and

forth (the distance from one extreme to the other)?
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2)(30 pts) A system of three masses, four springs, and one damper are connected as shown. Assume that
all the springs are relaxed when x4 = rg = zp = 0. Given ki, k2, k3, k4, 1, ma, mp, mp, T4,
B, Tp, T4, 5, and Tp, find the acceleration of mass B, ap = ¥pi.
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3) (30 pts)

In three-dimensional space with no gravity a particle with 7 = 3kg at A is pulled by three strings which pass through points
B, C, and D respectively. The acceleration is known to be a = (ai) m/s? where a is not yet known. The tension in AB is
4N The position vectors of B, C, and D relative to A are given in the first few lines of code below. Complete the code to

find a. The last h’}e_should read a = ... with a being assigned to the acceleration in the i direction.
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% a MATLAB script file to find 3 tensions

m = 3;

a =1[123;

rAB = [ 2 3 5];

rAC = [-3 4 2]/;

rAD = [ 1 1 1]’;

uAB = rAB/norm(rAB); % norm gives vector magnitude

% You write the code below (however many lines you need).
% Don’t copy any of the numbers above.
% Don’t do any arithmetic on the side.

vAC= rAC/ norm(rACY)
wAD= rRf/norm(rfO),
b=[m o ol",
Tb=4;
r=-TheuhB)
A= JuAc wpD -bl)
res = AN
g~ res(2))
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T&AM 203  Prelim 2
Tuesday Oct 24, 2000 7:30 — 9:00* PM

Draft October 16, 2000

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. A blank page for tentative scrap work is provided at the back.
Ask for extra scrap paper if you need it.

b) Full credit if

~N S . . .
o~ —free body diagrams«— are drawn whenever linear or angular momentum 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 poorly defimed;

e workis I ) neat,

II. ) clear, and
1I1.) well organized;

« your answers are Ty rRepucew (Don’t leave simplifiable algebraic expressions.);
0 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 “07 = 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: /40
Problem 2: /30
Problem 3: /30

TOTAL: /100



1)(40 pts) Projectile motion. Someone in the mideast shot a projectile at someone else. The basic facts:
Launched from the origin.
Projectile mass = 1kg.
Launch angle 30° above horizontal.
Launch speed 172m/s.
Drag proportional to ¢v? with ¢ = .61 kg/m.
Gravity g = 10m/s.

a) (25 pts) Write MATLAB code to find the height at ¢ = 1s. {Hints: sketch of problem, FBD,
wrlte drag force in vector form, LMB, 1st order equations, num setup, find height at 1 s].

b) (15 pts) Estimate the height at ¢ = 1s using pencil and paper. An answer in meters is : .
desired. [Hints: Assume g is negligible. Good calculus skills are needed but no involved F— D
arithmetic is needed. 1 4 1.72 = 2.72 = e. After you have found a solution check that
the force of gravity is a small fraction of the drag force throughout the first second of your
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2)(30 pts) Design a pulley system. You are to design a pulley system to move a mass. There is no
gravity. Point A has a force F = F'i pulling it to the right. Mass B has mass mp. You can
connect the point A to the mass with any number of ideal strings and ideal pulleys. You can
make use of rigid walls or supports anywhere you like (say, to the right or left of the mass). You

must design the system so that the mass B accelerates to the left with % (e ,ap=—5-1

a) (25 pts) Draw the system clearly. Justify your answer with enough words or equations so a
reasonable person, say a grader, can tell that you understand your solution. ,

b) (5 pts) Find the acceleration of point A.

a) Some _ solns:
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3)(30 pts) Tension in pendulum. 2D. A simple pendulum consists of a point mass m connected by a. rigid
massless rod with length ¢ t- a frictionless hinge at O. The only applied force is from gravity. It
is released from a vertical orientation with the mass directly abowe the hinge. It is pushed very
slightly to the right (with a velocity that you can assume is arbitrarily small) and thus slowly at
first falls, then quickly swings through the vertically down orientation and then back up on the

— left side.
At the instant when the mass passes through the vertically down position (mass directly below
hinge) what is the tension in the rod? (i.e., find T" in terms of m, £ and g).

If you choose a MATLAB solution instead of pencil and paper (not required, just an option) use

m =3kg, £=2m and g = 10m/s?
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(Work for problem 3, cont’d.)
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[{SOUATMMJ” vour Name: [TND7_RUINA

T&AM 203 Final Exam
Friday December 17, 2004

Draft December 17, 2004

5 problems, 150 minutes (no extra time).

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

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

mentum balance is used;
e 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;
*  you clearly state any reasonable assumptions if a problem seems poorly defined;
e workis I ) nest, >
IL ) clear, and
IIL.) well organized;

+ your answers are TipiLy REpuceD (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 “67 = 18” instead of, say, “theta7dot = 18”. You will be penalized,
but not heavily, for minor syntax errors. If you cannot answer & problem with pencil and paper,
you can get partial credit for a good Matlab solution.

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.

d) Even if not asked for, you can get partial credit by showing a Matlab solution to a problem you can’t
solve with pencil and paper. :

Problem 1: - /20

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

TOTAL: /100




1) {20 pt) In the almost new sport of spongy jumping a spring is replaced by a dashpot ¢. Assume m = 3kg,
g =10m/s? and c = Tkg/s. The mass is released from rest at £ =2m, y = 3m.
a) (15 points) What are the equations of motion for this system (differential equations involving
z and y and their denvatxves) (For this part of the problem please use m,c and g rather

than their numerical val
b) (5 points) This part wdl only be graded if part (a) is almost entirely correct. Write Matlab

code that would give the arc-length of the center of mass trajectory over the first 5 seconds
afte/r release.
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2) (20 pt) A car going down a hill of slope 6 (measured from the horizontal) puts on its rear brakes, causing
the rear wheels to skid. The negligible-mass front wheels roll freely. The car moment of inertia
about its center of mass G is 7 and its mass is m. The wheels are a distance £ apart (front to
back distance). On level ground G is s height h above the ground and a distance d behind the
front wheel. In terms of some or all of m, 1, g,d, h, £ and 8 find the minimum coefficient
of friction u needed to slow the car down.




™

3) (20 pt) m slides horizontally with = measuring the stretch of the spring k from its unstretched length.
Point mass m. is at the end of a massless rod of length £ the other end of which is hinged on m;.
Neglect gravity. Find differential equations that govern the motion of the two masses (differential

equations involving z, & and some or all of my, mg and f, K ’ A .
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l 4) (20 pt) Consider a hollow thin-walled pipe with mass m and radius r. The friction coefficient u is large
’ enough so the pipe rolls without slip inside 2 rigid stationary hollow pipe with radius R. Find
the period of small oscillations (near the ‘bottom) in terms of some or ‘all of m,r, R, and the-
downwards-point gravity constant g. ’
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5) (20 pt) A uniform bar AB with length ¢ and mass m is hanging (gravity constant = g) in stationary
equilibrium from two identical springs k. Suddenly but gently spring is cut by a laser beam.
Immediately after the cut, what is the acceleration of the rod center at G. Answer
in terms of some or all of m, &, g, £¥nd any base vectors you define with clear sketches.
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Your Name:

T&AM 203  Makeup Prelim
Monday December 6, 2004 mnoon - 1:307 PM

Draft December 6, 2004. From the Fall 1996 Final exam

Do any 3 problems.

Please follow these directions to ease grading and to maximize your score.
a) No calculatOrs allowed. Ask for extra scrap paper if you need it.
b) Do any 3 problems.
c) Full credit if

e work is
I. ) neat,
II. ) clear, and
II1.) well organized;
+ all signs and directions are well defined with sketches and/or words;
T— any dimensions, coordinates, variables and base vectors that you add are clearly defined;

e correct units and correct vector notation are used, when appropriate;

e to the extent that a problem seems ambiguous or mott penfectlly defimed, you clearly state any rea-
sonable assumptions that you make;

—{reasonable justification, enough to distinguish an informed answer from a guess, is given;
e —free body diagrams«— (FBD’s) are drawn when appropriate;

e your answers are |boxed|in; and

® your answers are TIDILY REDUCED.

2

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.

> MATLAB commands which would generate the desired answer count as a correct answer for all

problems. Some problems may only be only practically solvable with a computer. You must
be clear about how to interpret the MATLAB output as the answer to the question. If the problem
statement is in terms of variables instead of numbers, MATLAB we will assume that the variables have
been assigned values prior to the MATLAB commands you write.

Problem 1: /25
Problem 2: /25
Problem 3: /25
Problem 4: /25



1) (25 pt) Speeding tricycle gets a branch caught in the right rear
wheel. A scared-stiff tricyclist riding on level ground gets a branch
stuck in the right rear wheel so the wheel skids with friction co-
efficient . Assume that the center of mass of the tricycle-person
system is directly above the rear axle. Assume that the left rear
wheel and the front wheel have negligible mass, good bearings, and
have sufficient friction that they roll in the j direction without slip,
thus constraining the overall motion of the tricycle. Dimensions are rolling
shown in the lower sketch.
Find the accereration of the tricycle (in terms of some or
all of ¢, h, b, m, [I°],p, g, i, j, and k). rolling
[Hint: check your answer against special cases for which you might contact ™\ \¢
guess the answer, such as when © =0 or when h = 0.

< Please put scrap work for problem 1 on the page to the left <. B

Il Put neat work to be graded for problem 1 below || . \/_branCh caught
in spokes,

C ~
J k" idding
A4 G /‘ J
h o




2) (25 pt) Balancing a broom. Assume the hand is accelerating to the right
with acceleration a = ai. What is the force of the hand on the
broom in terms of m, ¢, 6, 6, a, i, j, and g7 (You may not
have any er or ey in your answer.)

< Please put scrap work for problem 2 on the page to the left <.
Il Put neat work to be graded for problem 2 below || .




3) (25 pt) Equations of motion. Two masses are connected to fixed sup-
ports and each other with the three springs and dashpot shown.
The force F acts on mass 2. The displacements x; and xo are
defined so that 1 = x2 = 0 when the springs are unstretched.
The ground is frictionless. The governing equations for the system
shown can be writen in first order form if we define vy = #; and
Vg = To.

a) (10 points) Fill in the 16 terms of the 4 x 4 matrix below
and the 4 terms of the blank column vector so that the equa-
tions are the correct equations for the system shown. Your
answer should be in terms of any or all of the constants mq,
ma, k1, ka,k3, C, the constant force F', and t. Getting the
signs right is important.

b) (10 points) Write MATLAB commands in appropriate func-
tions and script files to find and plot v1(¢) for 10 units of
time. Make up appropriate initial conditions. If you need
to use the big matrix you have defined at the bottom of the
page indicate its place in your code, you need not copy it in
for MATLAB term by term.

< Please put MATLAB code for problem 3 on the page to the left <.
U Put other neat work to be graded for problem 3 on this page = .




4) (25 pt) The film,Heat Treatment of Aluminum, is placed on a very slip- B

pery table. Assume that the film and reel (together) have mass R
distributed the same as a uniform disk of radius R;. What, in 0
terms of R;, R,, m, g, i, j, and F' are the accelerations of points frictionless C

C and B at the instant shown (the start of motion)? contact Ri

< Please put scrap work for problem 4 on the page to the left <. (nofriction)
I Put neat work to be graded for problem 4 below ||. L




Your Name: HI\/-D7 ZEU/A/A

Section day and time:

T&AM 203  Prelim 1
Tuesday Sept 28, 2004

Draft September 27, 2004

3 problems, 25 points each, and 90+ minutes.

b) Full credit i

~

- . . ' .
® - —iree 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 poorly defined,
e workis I ) neat,
II. ) clear, and
1I1.) well organized;

* your answers are TIDILY REDUCED (Don’t leave simplifiable algebraic expressions. );
O your answers are in; and L :

> Matlab code, if asked for, is clear and correct. To ease grading and save space, your Matlab code
can use shortcut notation like “4; = 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. Substantia] 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



e

1) (25 pt) Statics. The uniform plate ABCD with mass m is held up by 6 bars (EB, HB, HC, IB, A &
ID). Find the tension in eny three of these bars. Answer in terms of some or all of m, g, and £.
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2) (25 pt) In the new sport of spongy jumping a spring is replaced by a dashpot c. Assume m = Tkg,
g=10m/s? and ¢ =13 kg/s. The mass is released from rest at z = Om,y=5m.
a) Just after (one milli-micro second after) release what is the acceleration of the mass?
b) What are the equations of motion for this system (differential equations involving z and y

and their derivatives)?
c) Write Matlab code that would give the z coordinate of the center of mass 16 seconds after

| release//\ , :_F;_-—B;:D’ :
2 ~~~--) T
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3) (25 pt) A mass m = TKkg is held in place by two equal sprmgs with k =5N/m and £, = 3m.
a) How long does one oscillation take if £ = 6.5m?
b) How long does one oscillation take if £ = 12.5m?
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Your Name: ﬁht{? /?,C(l'/’l‘(

Section day and time:

T&AM 203  Prelim 1I
Tuesday Qet 28, 2004

Draft September 27, 2004

3 problems, 25 points each, and 90% minutes.

Please follow these directions to ease grading and to maxirﬁize 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 i

~ - . ' . _ '
®°  —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 poorly defined;
e workis 1. ) neat,
II. ) clear, and
IIT.) well organized:

* your answers are Tioity repucep (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 “4; = 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 2 clearly defined
set of equations to solve. '

Problem 1: /25 '

Problem 2: /25

Problem 3: /25
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Section day and time: T“/Tl! q/ar-7/5§

T&AM 203 Prelim 3
Tuesday Nov 23, 2004

Draft Novembesr 28, 2004

3 problems, 25 points each, and 90F 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 : ‘
"o free body diagrams«— .are drawn whenever force moment, linear momentum, or angular mo-
mentum balance is used;

®  correct vector notation is used when appropnate,
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 work is L ) neat,
IL ) clear, and
II1.} well organized;

» your answers are tipiwy Repucep (Don't leave simplifiable algebraic expressions.);

C 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 “d7 = 18” instead of, say, “theta7dot = 18". You will be penalized,
but not heavily, for minor syntax errors.

¢) Substantial partial credit if your answer is in terms of well defined v&riabl_es 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



1) (25 pt) A upiform horizontal bar with mass m and length € falls a height A without rotation in grav-
itational feld g. The bar is then caught by a stationary hand. The hand does not move, but
imparts an impulse but no torque (it freely allows rotation). Clearly indicate where on the

\bﬂ bar the hand should catch the bar so that one end of the bar (indicate which end)
does not have any change of velocity at the impact. (Indicate the distance d of the
hand from the bar center in terms of some or all of m, £, g and A.) ' 1t \\

= 1 ‘ 7 -—-\\

h e 5
inchial e colteion | jutter

F 8D [

Collifion

2 o - 6
J ’L_%? @ t '{tf\ | qm;w:\j

vl 5yt wité)
7 £+t s\ a{(dﬁf;/a)
A+ €z
P‘""""W” Vi =V pg, s called 42
T £ petcasiten
| - center o7 F
B R A N R A
~ | AP+ 2112 bﬁ‘z:l ‘%:{l :m the hard
(3 " e . ,
Lﬂ = %— gmi t A hes R Jumf

= i | n vebedy. An 4!"’”“5::”1"‘
=) L —7 7 | A ke sweet st .

s s




2) (28 pt) A uniform disk of mass m and radius R is released from rest at t = O to roll-without-slip down a
slope ¢ (measured relative to the horizontal) as accelerated by gravity g. At time t what s
the acceleration of the point on the disk that is then touching the ground? Answer
in terms of some or all of m, R, g,¢,t and any base vectors that you choose that you clearly
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3) (25 pt) A small bead with mass m slides on a rigid stationary circular hoop with radius R. Neglect ‘
gravity. The bead slides loosely on the wire (does not pinch it) with coefficient of friction u. The 7
initial speed of the bead is vo (along the circle). What is the bead speed after it has slid
once around the hoop? Answer in terms of some or all of m, R and p.
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BT Your Name: [anish AﬁaVW“(,

Section time:

T&AM 203 Prelim 1
Tuesday September 26, 2006

Draft September 25, 2006

3 problems, 25 points each, and 90T 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

~_/ . .
e~ —free body diagrams«— are drawn whenever force, moment, linear momentum, or angular mo-

mentum balance are used;
correct vector notation is used, when appropriate;

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,

work is 1. ) neat,
IL. ) clear, and
II1.) well organized;

o ¥ L w1l 0

« your answers are TipiLy 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 “8; = 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




1) (25 pt) Pulleys. In the problems below you are asked “What is the relation” between this and that.
This means you should write the simplest possible equation in which this and that are the only
unknowns.)

a) (1 point) Please read all the rules and hints at the front of the exam. Write here: “I read
the cover page.”: ‘

b) (3 points) The ideal pulley system (make the usual assumptions) in (b,c) below shown is
part of a larger mechanism. What is the relation between Ta and Tg? Clearly justify your
work from first principles. -

c) (10 points) For the same pulley system what is the relation between as and ag? Clearly
justify your work from first principles. '

[Part (d) will only be graded if (b) and (c) above are correct.]
d) (11 points) The two pulley systems below (d) are treated as having all ideal components.

What is the relation between ac and ag? You may use the results from parts (b) and (c)
above without re-deriving them again and again. When comparing the systems use m = m

and T=T.
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®

2) (25 pt) MATLAB etc. The block of code shown calculates motions from a dynamics problem rel-
evant to this course. It runs without error: (This code is no good outside a test, obviously,
because the variable names are not suggestive, intermediate variables aren’t used, and there is
no commenting,.)

a) (10 points) Write a mechanics question (with values, units, basic assumptions etc.) that
the output of this code answers. Your question should make no reference to matlab or
computers but should be in the language of mechanics.

[Grading of parts (b) and (c) below depend on the answer to (a) above being correct. So be confident before moving on.]

b) (10 points) Assume that the command  plot(t,z(:,2)) is added just below the
command t(end). Draw, as accurately as you can, the resulting plot. Label (give
numerical values) key points and asymptotes which you find using your own pencil-and-
paper analysis. Label the axes (even though the code does not do this).

c) (5 points) Get as far as you can towards finding a numerical value for t (end) without using
the computer. Ultimately you will be stuck without a calculator. But get to a point where
the job of the calculator is clear.
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3) (25 pt) A car drags a cart. A car with known acceleration a accelerates up a hill dragging a cart.

a) (15 points) Assume no friction. Find the force of the ground
on the cart. Answer in terms of some or all of m,g,qa,0,a
and L4p.

[Your score is the better of the two scores from part (a) and part (b).]

b) (25 points) Assume there is friction between the cart and the
ground. Find the tension in the cable AB. Answer in terms
of some or all of m, g,a,0,a, L4p and the friction coefficient
u (or the friction angle ¢, defined as tan ¢ = ).
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Your Name: M#fv/)ﬂf/ /’ éﬂﬂWﬂL

Section time:

T&AM 203  Prelim 2
Tuesday October 24, 2006

Draft October 24, 2006

3 problems, 251 points each, and 901 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;
3 you clearly state any reasonable assumptions if a problem seems poorly defined,
e workis I. ) neat,
II. ) clear, and
ITI.) well organized,;

« your answers are Tioiy REpucep (Don't leave simplifiable algebraic expressions.);
O your answers are in; and 4
> Matlab code, if asked for, is'cle_ar and correct. To ease grading and save space, your Matlab code
can use shortcut notation like “f; = 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 4: /25

Problem 5: /25

Problem 6: /25




4) (25 pt) Particle sliding in circles in a parabolic bowl. As if in a
James Bond adventure (in a big slippery Cornell-managed radio-
telescope bowl in Puerto Rico), a particle-like human with mass m
is sliding with negligible friction around in level circles at speed v.
The equation describing the bowl is 2 = CR? = C(z? + ?)
a) (20 points) Find v in terms of any or all of R, g, and C.

b) (5 points) Now say you are given w,C and g. Find v and R
if you can. Explain any oddities.
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5) (25 pt) Collision. Two equal mass m spherical particles have a frlctlonless collision w1th coefficient of
restitution e. Before the collision their two velocities are v = vi and v; = —vi. The normal

to their common tangent plane at contact is @

= cosfi+sinfj. In terms of some or all of

v, m,e,0, i and j , find the velocity of particle 2 after the collision.
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6) (25 pt) A person mass m, walks up and back, all the way to the bow and to the stern, in a boat mass ms.
The person walks continuously and repeatedly, over and over and over again, moving relative to
the boat sinusoidally in time, with period T. The length of the boat is L and the drag force on
the boat from the water is F' = cup. After a while the boat just moves back and forth also. How
far does the boat go back and forth? (That is, the bow of the boat goes back and forth between

two points, what is the distance between those two points?) Answer in terms of some or all of
Mp, My, L and T,

moton of persor wrt boat
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Your Name: MdW’S’h ﬁjai’a)al
ma3l7

Section time:

T&AM 203 Homework Exam
Tuesday Dec 12, 2006

Draft December 12, 2006

4 problems, 25% points each, 4 hours.

If you can do all the homework you are guaranteed a grade of C. These 4 problems are based on homework problems (see
next page), or parts of homework problems, with slight changes so that memorizing answers won’t help. If you can do 3 of
them f Ully COTT CCtly (good work, correct answer) in 4 hours you are guaranteed a grade of at least C.

Please follow these directions to ease grading and to maximize your score.
a) No calculators, or books allowed. You can bring a one-sided formula sheet, but not any worked out
HW etc.

b) Full credit if

~_/ . .

" —free body diagrams+ are drawn whenever force, moment, linear momentum, or angular mo-
mentum balance are 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 distingnish an informed answer from a guess, is given;
you clearly state any reasonable assumptions if a problem seems poorly defimed,;

work is 1. ) neat,
IL. ) clear, and
II1.) well organized;

« your answers are oy Repucep (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 “07 = 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 5/91: /25
Problem 6/15: /25
Problem 6/79: /25

Problem 6/168: /25




Replace the text from the book (copied with the figures on the next page) with the problem statements below. For all
problems all quantities are described with letters and not numbers. Answers should be expressed with letters. Don’t use the
numbers given with the book problem statement. Ignore the numbers in the figures.

5/91 Given &, Lep, Lap,a and b find b, (Note v = —di.)

6/15 The car has mass m and gravity points down with constant g- The coefficient of friction between
wheels and road is 4. For rear wheel drive what is the maximum possible car acceleration?
(Answer in terms of some or all of a, b, A, m, g and [.)

6/79 A uniform disk with radius R and mass m rolls down a slope 6. The friction coefficient, y is large
enough so the disk rolls without slipping. Gravity g points down. Find the component of the
force that acts on the disk from the ramp that is tangent to the ramp. Answer in terms of some
or all of R.m. g,6 and p.

6/168 The angular velocity and acceleration of the spider are given as w, and a,. Find the acceleration
of a point on one of the planet gears that is, at the instant in question, in contact with the ring
gear. Answer in terms of some or all of R, r,ws, o and unit vectors you clearly define.
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Your Name: Joc %own/)

Your TA: ___Eh_L'_gmm‘

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

o pitg



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

o, \
/ therreak? Tt MTO‘(" & o 5,;\1’3 .P,eg'( on ‘9 :,
"5@/ 47 ‘Oﬁ s Ne bprees chw.m«;um"w ﬁ'ﬂtk é
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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

I "\5" ud rons You need not solve them. Poes not mel ud e . l .
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o ;Q.-\»_C_L—e = oL Lt'(’?/bk"'i-(—_l) L &GB
i )t
e 4..
______ 'b> Ay A, V\(e "‘WC é tnknowms [ A' é C (Zwmpane.;fs Q“I\) WJ -
y ard Gogns (LM for topard betom birs - 2components, exch ) andArB
mg =
65 @Dr eu‘,\ ber,
Cx
Top .,
x L&

- = L
. %
i Cx i <, ( I

— T h,.,e Wknpum AY )A‘( t CX CY) T

\ ne for
@ ’n\e e e'bwj)'w’ - é aJeme K [:,ex 16 column VCVJ\VWOF/‘ \_—“
We unife Them M m'ﬁ")‘FOVM—' Ax= 19 W J 'e"‘ff’f’j,l
and sole x= AR . (ndlel we wadd inte A= [@ C e, )4)6)6J)
b D- :)'/ /' ,])
X=A\b




I ( % Your Name: HNQ‘[ RU /N H

y ,
0lu+ 19N Your TA: __BURNS

/

T&AM 203 Prelim 1
Tuesday February 29, 2000 7:30 — 9:00" PM

Draft February 26, 2000

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. Two pages of formulas, from the front of the text, and a
blank page for tentative scrap work are provided at the back. Ask for extra scrap paper if you need
it.

b) Full credit if

“o” —free body diagrams«<— are drawn whenever linear or angular momentum 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 poorly defined,

° work is T, ) neat,
IL. ) clear, and
III.) 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 “67 = 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. @
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TOTAL: |09 /100



" “1)(30 pts) The problems below are independent. MATLAB commands are not allowed except in part (c).

1a) (10 pts) A mass m is connected to a spring & and released from rest with the spring stretched
a distance d from its static equilibrium position. It then oscillates back and forth repeatedly
crossing the equilibrium. How much time passes from release until the mass moves through
the equilibrium position for the second time? (Answer in terms of some or all of m, k, and

), [N;gliglramy o I X= Agos (A t) + Bs l'h(“') At Sf cond
— A’JE;”‘ crommj
1> X6 =d 5 p=d, xb)0I[=0 [ At= 311/2

> ye t = 4. 3T
FBO ' K(;[:l )—(71 =deos@t) >4
LMp: F=ma O k

S

ol i
=) —kx=m¥ 24T, ﬁf"’%
1" -
K+ () % =0
I .
1b) (10 pts) Assuming equal masses and equal forces in the two cases, what is the ratio of the ' _Comparison

acceleration of point A to that of point B? [assume massless ideal pulleys etc]
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1c) (10 pts) In three-dimensional space with no gravity a particle with m = 3 kg at A is pulled
by three strings which pass through points B, C, and D respectively. The acceleration is
known to be & = (11 + 2j + 3k) m/s?. The position vectors of B, C, and D relative to A
are given in the first few lines of code below. Complete the code to find the three tensions.
The last line should read T = ... with T being assigned to be a 3-element column vector
with the three tensions in Newtons. [ Hint: If x, y, and z are three column vectors then
A=[x y z] is a matrix with x, y, and z as colurnns.]

Feo .(_
= ‘ ,’B —II;»/B Tﬁzne

«

) 'T’\? ,,»-T Apn = T

TD AD

\
ghpj c)'(

Und vecdovs
in columng

|AL [T = mla]

T peed - 40 Solve

fov [‘T]

% a MATLAB script file to find 3 tensions

m = 3;

a =1[123]);

rAB = [ 2 3 5]';

TAC = [-3 4 2]';

rAD = [ 11 1];

uAB = rAB/norm(rAB); % norm gives vector magnitude

% You write the code below (4 to 5 lines).
% Don’t copy any of the numbers above.

T[’);S code uAb - rAD/ narm( rAD) 9o onityectod
61065 +h€ uﬂblll "/0 ageu.b‘e H

job /7| A= Lunt i

% Don’t do any arithmetic on the Sldi/’_—_-\
WAC = Tﬁ(/horMC\-AC) , ofr The o Hhey tewo

T = A ) ofy Solve with backslash

+ T ApctTo Apm ™2

-
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2)(85 pts) A particle of mass m moves in a viscous fluid which resists motion with a force of magnitude
F = c|v|, where ¥ is the velocity. Do not neglect gravity.
a) (10 ptss) In terms of some or all of g, m, and ¢, what is the particle’s terminal (steady-state)
falling speed?
b) (15 pts) Starting with a free body diagram and linear momentum balance, find two second
order scalar differential equations that describe the two-dimensional motion of the particle.

c) (10 pts) (challenge, do last, long calculation) Assume the particle is thrown from r = 0

with v = v01 4 w40 at a vertical wall a distance d away. Find the height h along the wall
where the particle hits. (Answer in terms of some or all of vz, v40,m, 9, ¢, and d.)
[Hint: i} find z(¢) and y(t) like in the homework, ii) eliminate ¢, iii) substitute = = d. The
answer is not tidy. In the limit d — 0 the answer reduces to a sensible dependence on d (The
limit ¢ — 0 is also sensible.). If you use Matlab, start your code by assigning any non-trivial
values to all constants.]
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" Problem 2 continued.
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. 3) 35 pts) Car accelerating. A car (mass =m) with a big meotor, front-
wheel drive, and a stiff suspension accelerates to the right with the
front wheels over-powered and skidding (friction coefficient = )

and back wheels turning freely.
a) (5 pts) Assuming the car starts from rest and has constant
acceleration a, how far has it travelled in time ¢? (Answer
in terms of o and ¢.) [Not a trick, just easy.].

V@)= Caleidt= Sadé=at +(,

= 42/f_2+ -

ve)=0 S V{E)=

x€)= Sv@de = Gatdt

b} (30 pts) Find e in terms of any or all of £,,£¢,h,m,g and
g. [Hint: all the directions on the cover page apply. Your
answer should reduce to @ = £.g/h in the limit y — 00.]
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" Problem 3 continued.
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T&AM 203  Prelim 2
Tuesday March 28, 2000 7:30 — 9:00T" PM

Denft Mnral 28, 2008

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 eredit if
N7 _afrec body diagrams« are drawn whenever linea.r. or angular momentum balance is used;
&  correct vector notation is used, when appropriate;
T—  any dimensions, coordinates, varia.blés 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 peorly defined;

¢ workis [. ) neat,
IL. ) clear, and
III.) well organized;

« your answers are Tiowy repuced (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 “f7 = 18” instead of, say, “theta7dot = 18",

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: 3 0 /30

"7 Problem 2: 2 /35
’ —
M Problem 3: 3) /35

TOTAL: 100 /100



1){30 pts) 3-wheeled robot. A 3-wheeled robot with mass m is being transported on a level flatbed trailer
also with mass m. The trailer is being pushed with a force F' j. The ideal massiess trailer wheels
roll without slip. The ideal massless robot wheels also roll without slip. The robot steering
mechanism has turned the wheels so that wheels at A and C are free to roll in the j direction
and the wheel at B is free to roll in the 1 direction. The center of mass of the robot at G is &
above the trailer bed and symmetrically above the axle connecting wheels A and B. The wheels
A and B are a distance b apart. The length of the robet is £.

Find the force vector F, of the trailer on the robot at A in terms of some or all of
ma g, &, Fyby i A, j, and k.

[Hints: Use a free body diagram of the cart with robot to find their acceleration. With reference
to a free body diagram of the robot, use angular momentum balance about axis BC to find Fa, )
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: _ 8D (rabot)
(Continue wark for problem 1 here)
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2){35 pts) Slippery money. A round uniform flat horizontal platform with radius 2 and mass m is
mounted on frictionless bearings with a vertical axis at 0. At the moment of interest it is
rotating counter clockwise (looking down) with angular velocity w = wk. A force in the zy
plane with magnitude F is applied at the perimeter at an angle of 30° from the radial direction.
The force is applied at a location that is ¢ from the fixed positive x axis. At the moment of
interest a small coin sits on a radial line that is an angle & from the fixed positive = axis (with
mass much much smaller than m).f Gravity presses it down, the platform helds it up, and friction
coeflicient=pt) Keeps 1L O sIAIRg.

Find the biggest value of d for which the coin does not slide in terms of some or all of
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{Continue work for problem 2 here)
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3) 35 pts} Cone on Disk. A disk rotates with constant rate w about an fixed
axis in the j direction. A right cone held in a fixed bearing at B
rolls at constant rate so that the point on the corner of the edge of
the cone has the same velocity as the point it touches on the disk,
¥ = ¥p. Axis AB is in the zy plane.

Find the velocity and acceleration of point C on the cone in terms
of some or all of w,r, 4, 1, j, and k.

V=wxxy
v Up= wjx )1
= fwk
Le= WhConpitsnpi)x rsmpe-onpi-cnps)
= YU $PC soB i+ oD
rWponp i
St Y=l
bR nosTuenp
wa=2,“§.F=M.

Lo tac™ o
=fsin F("5;”f’i il )

i

A= Bxr+ wxiuxr)
= Wxix))

o fe= X (Wax o)

= tp Corspie Sef i) x{w,, CeosPit X ronps H"'F%—MH )]

= o (LBitanp I rigaomp &

= rwnsmp (onspftonpi)

= oty sop onti 9

= Eﬁ?(%ﬁf:%’%fj)
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Your TA:

T&AM 203 Prelim 3
Tuesday April 25, 2000 7:30 — 9:00" PM

Drafe April 25, 2000

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
Hatha A G B
S O—8—0O —Er O
=D —H/A Con‘scr\/eé ‘z . huﬂg f@nrc& corm qr—ec)
ﬁ/f = Z Top XNl t5 mg = Y‘\ﬁS‘E’.c'\' g
= —%X Y. F /A < ™M YB O | ust pe fore collision
Qo N A e " o-f—"\'er" "
:.thm(—VJ} = -mLvk
g ©_u®l.¢
4D - Zroa <M Lo - B bk
= 0 v CEpxmYe o veev
= | C > m f\"\fﬁj) / = J¥g :—\/5
= —-m L Vs Kk '

conser Yy b 4‘16!’1
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{Continue work for problem 1 here)

Use relative motion Yo qet Neu, K
Yem = Ya ¥ Newmip Yem = Yo ﬂ"y—aCM{\g .
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5) LMB: ZF =(m+wm) em FBD after collision
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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
7@6(,@«*6% 0‘(’—’;;&%% o the o ;z =D
» 4
ii) Dynamically balanced? o) Why? 4 ) .
yos: Lok ot H, s™er G=const 3¢ F
o=@k AT week Imi=|
G T [ LTI < H=D=2M

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.

&wef the rex

itom't affect the previets gmsuer
Shack -f,,-,ﬂ,u‘s F“"*’”‘“‘"’- tI= 0.

b) The same plate as in (a)' above but mounted at an angle ¢ # 7/2
from the shaft.

i) Statically balanced? (Fes/Ro) Why? _
yea - s coded s om the as ZF=0

ii) Dynamically balanced? (yes{ao)Why?
No ._N{j%% Zﬁ: w% []j: z—mfﬂ’# o 1
’ wed i ‘ { 0 wd (s}

P

[1)-03= mdsad (cospi+ sndB) JF 1. - EM*D

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.

» % o) 4 wild srake the wiole eas‘wau
A . 9a~"h5’7"l. thea. Ty=Ty=1g>0 !
| So LI [fi5 =MD
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- goes through the center of the ‘0l
of the letters. :

; cut out of 2 plate and- connecteed by ‘miassless
three; centem—of-mass pomts_; L

of the mdnndu

1) Statically bala.nced'? {ye: '
s w"”"f
i) Dyna.mlca.lly balanced'? o) Why"
Vies, Gance . B 5 the eigen ' Sk | .
of-tkb [13, aad <t fe«rfeewbmfa/rtﬂ Maﬁa wo e ﬂenwdhs >
3k Le ke oy plwe. IR f® = H-iox[[8)=0= M

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.

4 wor't Wm 11

it e oo e AT

\mlolm Mmeeni&rof 0.

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?
No, afﬁx.qmsmwtm#fxeax$ ,J“’&
Ixﬁfv o mafw. Mo 7

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.

M Thes k- mass . e =0 .
- e g Arnis r 74
R IIJ‘éo// W = Z»ﬁ'ﬁg




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.

Ang =

(9

78 -« (gseorg) g

N 'mg - —Ka_,.KQ}p/_,yé 5 KW %
=> 27+2.Ky =0 " 3"'%“‘564

L

AMB oabyyuy CM -

K(SM ) R—K(Y+ __%) R =19

2K



(Continue work for problem 3 here)
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Section day and time:

T&AM 203 Final exam
Tuesday May 14, 2002

Draft May 14, 2002

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
II1.) 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) (10 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. -~ ~
ft—» &
T P Ie"j-]—t)

—




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
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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.]

\icollu{h”:l:( = s 5/“4’2 + mﬁzgf; E + Ia“f’,’??
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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 . . ’( ’(
i .H 7;,4114 vf/

bu*' h(ﬁ ”?F’é’_p

(Simplify your answer until it looks simple.]
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I \\ Your Name: /L)HC/*/ RMIH@
SOLUTIONS o v o

S5 om
wf commen’s M| 1AM 203 Prelim 1
ODE salut Tuesday Feb 26, 2002

on P&Eﬁe{ 7~I 3 Draft Feb‘ruary 26, 2002

3 problems, 100 points, and 901 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 . .
¢ —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;
—
[ 4

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,
work is 1. ) neat,

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

« your answers are TipiLy REDUCED (Don’t leave simplifiable algebraic expressions. );
0O 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 “4, = 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: /50

TOTAL: /100




1) (25 pt) Statics. The sign is held up by 6 bars. Find the tension in bar EB.
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2) (25 pt) In terms of some or all of T4, ZTB.Ip,da, &5, D, k). ko, ki, ks,mma,mp,mp and ¢, find Fg. As-
surne the springs are relaxed when z4 — 2 — zp 0

8D ' Mhen g o al
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3) (50 pt) Trajectory. A 0.02 kg projectile (a badminton birdie, say) is launched from the origin at a 60°
upwards angle at a speed of 50 m/s. The projectile stays near the earth so gravity ¢ 10m/s?
is well approximated as constant (and all lines towards the center of the earth are effectively
parallel). The air drag opposes motion and is proportional to speed with proportionality constant
of ¢ 0.1 N,(m/s).

a) (20 pt) Write Matlab code to plot the trajectory. with the same vertical and horizontal scale,
for 10 seconds (hints: FBD — LLMB — first order ODEs - numerical solution — plotting].

b) (20 pt) Find, analytically, the position £(t). [hints: same as above but use calculus instead of

Matlab. The calculation has several steps (4 calculus problems, in one way of counting).]

c) (10 pt) More difficult. As accurately and neatly as you can, plot the trajectory. Label the
units on the axis. The plot should go from when the projectile is launched until it hits the ground
again. Key quantities to show are the peak height and the distance the projectile goes (which
can be calculated very accurately). You can use the solution above or anvthing else you know
or think. This will be graded on its correctness, not its agreement (or not) with the solution (b)

above. But you should briefly rationalize your plot. r\m: 02 Kj
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Tuesday April 16, 2002

Draft Aprll 16, 2002

3 problems, 100 points, and 901 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

AN . .
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 poorly defined;

work is 1. ) neat,
II. ) clear, and
II1.) well organized;

» your answers are TioiLy Repucep (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 “6; = 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: g@/ 30
Problem 2: 49 /%0
Problem 3: 3 g /20

TOTAL: [ 00 /100



1) (30 pt) A front-wheel drive car has an engine with arbitrarily large power. It has a stiff suspension and

light well-lubricated front wheels. It rides on level ground. Given:

€

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 car is

m = total car mass;
I° =
drawn);
h = the height of G above the ground,;
d=

the distance G is forward of the rear ground contact at A;

= the distance G is behind the front ground contact at B;

the gmwty constant. s

= the coefficient of friction between the wheels and ground

(20 pomts) Assuming the car does not tipe over, find the maximum possible forward acceleration

a(ag =

ai). Answer in terms of some or all of m, I®, g, h, d, e, and Iy

(5 points) (Good reasoning may or may not depend on part (a)) Assuming d = & = h, what is the
largest value of u that is possible without violating reasonable assumptions (assume that rubber
with arbitrarily large o could be made reasonably)? [Clearly state the reasonable assumptions

that you are checking]. The answer is one of these

pmaz = 0,.5,1,v/2,v/3,2,,2v2,3,, 4,8, o :

{5 points) (Good reasoning may or may not depend on part (a)) Assuming d =€ = h and that
the car does not tip over, by what ratio does the peak acceleration increase if p is increased from
i =1 to = oo (infinite coefficient of friction). The answer is one of these
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<) (40 pt) A uniiorm lkg plate that is one meter on a side is initially at rest in the position shown. A
\ constant force F = 1N1{ is applied at t = 0 and maintained henceforthLIf you need to calculate
any quantity that you don’t know, but can’t do the calculation to find it, assume that the value

is given.

a) Find the position of G as a function of time (the answer should have numbers and units).

b) Find a differential equation, and initial conditions, that when solved would give @ as a function
of time. 6 is the counterclockwise rotation of the plate from the configuration shown.

c) Write MATLAB commands that would generate a drawing of the outline of the plate at t = 1s.

You can use hand calculations or Matlab for as many of the intermediate commands as you like.
Add enough hand work so your MATLAB reasoning is clear.
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3) (30 pt) A uniform disk with mass m and radius R is released from rest to roll down a slope that is tipped
¢ from the horizontal. The local gravity constant is g.

a) (10 pt) Assume that slope is high, or friction coefficient small, so the disk slides down the
slope. What is the acceleration of the center of the disk?

b) (10 pt) Assume the disk rolls, what is the angular acceleration of the disk?

c) (10 pt) If u = .5, what is the biggest angle ¢ for which the disk will roll and not slide.
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3 problems, 100 points, and 901 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 . .
¢ —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;
—
[ 4

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,
work is 1. ) neat,

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

« your answers are TipiLy REDUCED (Don’t leave simplifiable algebraic expressions. );
0O 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 “4, = 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: /50

TOTAL: /100




1) (25 pt) Statics. The sign is held up by 6 bars. Find the tension in bar EB.
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2) (25 pt) In terms of some or all of T4, ZTB.Ip,da, &5, D, k). ko, ki, ks,mma,mp,mp and ¢, find Fg. As-
surne the springs are relaxed when z4 — 2 — zp 0
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3) (50 pt) Trajectory. A 0.02 kg projectile (a badminton birdie, say) is launched from the origin at a 60°
upwards angle at a speed of 50 m/s. The projectile stays near the earth so gravity ¢ 10m/s?
is well approximated as constant (and all lines towards the center of the earth are effectively
parallel). The air drag opposes motion and is proportional to speed with proportionality constant
of ¢ 0.1 N,(m/s).

a) (20 pt) Write Matlab code to plot the trajectory. with the same vertical and horizontal scale,
for 10 seconds (hints: FBD — LLMB — first order ODEs - numerical solution — plotting].

b) (20 pt) Find, analytically, the position £(t). [hints: same as above but use calculus instead of

Matlab. The calculation has several steps (4 calculus problems, in one way of counting).]

c) (10 pt) More difficult. As accurately and neatly as you can, plot the trajectory. Label the
units on the axis. The plot should go from when the projectile is launched until it hits the ground
again. Key quantities to show are the peak height and the distance the projectile goes (which
can be calculated very accurately). You can use the solution above or anvthing else you know
or think. This will be graded on its correctness, not its agreement (or not) with the solution (b)

above. But you should briefly rationalize your plot. r\m: 02 Kj
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SOLU TToNs ™™

TA name and section time:

T&AM 203 Final Exam
Friday May 19, 2006, 2-4:30 PM

Draft May 15, 2006

5 problems, 25 points each, and 901 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 . . .
" —free body diagrams«— are drawn whenever force, moment, linear momentum, or angular mo-

mentum balance are used,; _
correct vector notation is used, when appropriate;

Ld
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;
you clearly state any reasonable assumptions if a problem seems poorly defined;
e workis I ) neat,
IL. ) clear, and
II1.) well organized;

« your answers are TipiLy 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 “67 = 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 O: /-125
Problem 1: /25
Vg =Vp +W X Ip/a t Yoo
Problem 2: /25
ap =8, +WX (WXIg/p)+@ XIga +20 XV, +8,y

Problem 3: /25

1 I

5= (1-!——321’2)3_/2 Problem 4: / 25
Problem 5: /25
TOTAL:




0) -125 pt In order to not get -125 points you need to sign your name below. If you do not sign your
name you get negative 125 points. Whether or not you sign, any violations of the pledge below
will be fully prosecuted under the Cornell policies concerning academic integrity. I (Andy) have
prosecuted many such cases and no student I have accused has ever been found innocent or had
a decision reversed on appeal.

Pledge. I realize that the regularly scheduled final might be identical to this test. No student taking the late final should
have any more foreknowledge of the test than have students taking this early final now. Between now and 3 PM Friday May
19 I promise not to discuss any aspect of this test with anyone, or within earshot of anyone, with the exception of TAM 203
staff and other TAM 203 students who also took this early test (assuming I know and recognize them and saw them taking
this test). That is, there should be no possible means by which any student in TAM 203 who is not taking the test with me
now could learn by any direct or indirect way from me (for example though a third person overhearing me or reading my R
email or through my parents talking to their friends etc) anything about this test. For example, and these are only examples,
no-one will get in any direct or indirect way from me the answers to any of these questions: : ‘
o Did I think the test was easy or hard, fair or unfair?
o Was there a Matlab question on the test?
o Did the test have a statics problem, a problem from the lab, a problem involving pulleys, etc?
How many questions were on the test? ‘
Were any formulas given on the test?
Did the test include material from the final homework?
How well did I think I did on the test?

If anyone asks me any such questions or tries to get such information from me I will say that I am not allowed to even hint at
the answers. If pressed further I will tell the person asking that such pressure is a violation of the rules of academic integrity.
If pressed further I will tell 203 staff who was asking. If I know of any violations of this pledge I will promptly mform TAM
203 staff. By signing below I indicate that I understand and agree to the text above on this page.

Signed ,,
(sign clearly and legibly)

1) (25 pt) A uniform square horizontal rigid plate ABCD has weight mg and
is held in place by 6 negligible-mass rods. You need not write long
vector formulas if you can confidently justify your answers without -
them. Find the tension in bar HD.

Talﬂf/\o) | momen s &L?W"’ /’(C/ the 0"‘""-{ Eoree
that doesn R pas s Wro-uak \-'-l—-? s the
force due b lension a bar ﬂD )

Since l\—y-r s batbre 661ul" l.la f"f(/w\

Z{MM = O

Tatt Tae Ter

=> The tension HD "““51' be O.




2) (25 pt) Make the usual assumptions about pulleys and the like. ’
a) (20 pt) In terms of some or all of m and g find 8 - j. That is, find the y component of the
acceleration of point D.
b) (5 pt) Roughly speaking can you explain the answer to part (a). Hint: the answer to part
(a) is a number multiplied by a symbol or symbols. That number is close to 2" where n
_is an integer. For example, if the answer to part (a) was 9m/g (it isn’t) then we could say
that answer was close to 23m/g and we would have n = 3. Use words and/or diagrams to
rationalize the appropriate value of n from part (a). That is, somehow the mechanics has
in it, approximately, n factors of two. Can you identify each one of these factors. [A very
good answer to this part can make up for lost points in part (a)].
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3) (25 pt) A person with mass m stands still at the back of a stationary boat with mass M. Thenatt=0
she walks the length L of the boat over time T according to the equation

L(1 - cos(nt/T))
T =

where z,/; is how far she has moved relative to the boat. Then for t > T she stands still in the
front of the boat. _

a) (5 pt) Make a plot of z,/ vs t (put ¢ on the “z” axis). Label key points on the “z” and
“ axes in terms of m, M, T and L.

b) (10 pt) Make a plot of 2 vs t, labeling key points on the axis as for part (a). xzp is the
absolute position of the boat relative to a fixed reference frame. Assume the boat moves
frictionlessly on the water.

c¢) (5 pt) For parts (¢ & d) assume that the boat has friction with the water. The drag force
is proportional to the boat speed:

F, drag = CUb-.
Eventually, as t — oo, the boat speed tends to zero and the system comes to rest. What is
the net impulse of the force of the water on the boat? That is, evaluate f0°° Fyrag dt (using
basic mechanics principles this is a short calculation).

d) (5 pt) What is z5(c0)? That is, after all has come to rest how far will the boat have moved?
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4) (25 pt) A uniform ladder with mass m and length L slides on a slippery floor and against a slippery
wall. Tt is released from rest at angle §. Immediately after release find the angular acceleration
of the rod. Answer in terms of some or all of 8,9,L,m, i and j. If you think you need Ig, I4 or
Ip you can recall them or derive them or, for less credit, leave them in your final answer.
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5) (25 pt) A spool (hke the movie Heat Matment of Alummum shown in lecture) w1th outer radius R rolls
without slip on a flat horizontal surface. The film is at a radius r and is being pulled with a
horizontal force F. At the moment in question the velocity of the middle of the spool is vi. The
mass of the spool is m and its moment of: mertm about its center of mass is Ig. What is the
acceleration of point A on the spool which is, at the instant in qu&mon, touching the ground
Answermtermsofsomeorallofm,IG,r,R g,va.ndF ’ &

.
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TA name and section time:

T&AM 203 Prelim 1
Tuesday February 28, 2006

Draft February 26, 2006

3 problems, 25 points each, and 907 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;
correct vector notation is used, when appropriate;

[ ]
7—  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,
e workis I ) neat,
I1. ) clear, and
I11.) well organized,;

« your answers are TiiLy 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 “87 = 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




1) (25 pt) A shot pellet mass m hits a bird or person’s skin at speed vg. Neglect gravity. Assume m, vy
and ¢ (below) are given. Assume one dimensional motion in, say, the z direction.

a) (15 points) Assume that the force of the flesh on the pellet is —cv, that is the drag force

resists motion and is proportional to the speed. How far does the pellet go before it comes

to rest? (Please re-read the rules at the front of the exam.)

cV

c\V =

> =

b) @ points) Assume that the force of the flesh on the pellet is —c|v|v, that is the drag force $ F -
resists motion and is proportional to the speed squared. How far does the pellet go before [y)
it comes to rest (the answer is perhaps surprising). X .
. . . . : A Sfame
@ points) Given that quadratic drag (b above) is a much more accurate model than linear \/ >0

drag (a above) for fast moving things in air, water and flesh, why does the calculation in b
give a patently ridiculous answer? How could you change the calculation to make it more
accurate? (It might be possible to get this problem right without getting b right.)
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2) (25 pt) A torque T varies in time as it must in order to rotate a rigid rod
at constant rate of # = 2 rad/s. A bead slides on the rod. At the
start t =0, # =0, r = Im and 7 = 0. Neglect gravity and friction.

a) (15 points) What is the radius when 6 = 27?
b) (5 points) What is the speed |v| when 6 = 277

¢) (5 points) When 8 = 97 /4 what is the direction of v. A very
simple answer is desired which is not exact, but is accurate

to within a degree or less.
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’ 3) (25 pt) A uniform square horizontal rigid plate ABCD has weight mg and

is held in place by 6 negligible-mass rods. You need not write long

vector formulas if you can confidently justify your answers without
them.

a) (ﬂ points) Use moment balance about axis AH to find the
tengjon in rod BIL.

b) (M%points) Find the tension in rod AH.
c) (% points) Find the tension in rod AE. 'i
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/
T&AM 203 Prelim 2
Tuesday April 18, 2006, 2006

Draft April 18, 2006

3 problems, 25 points each, and 901 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

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

mentum balance are 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;
3

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,
e workis I ) neat,
IL. ) clear, and
IT1.) well organized,;

« your answers are TipiLy Repucep (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 “f7 = 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 4: /25

Problem 5: /25

Problem 6: /25
Vg =Va +W XIg/p +V,q 8p =84+ W X (WXIp/p) tWXEIg /A +2W X Voo + 8.
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1) (29 pt) A car with mass m; moving at vy crashes into the rear of a stationary car with mass mo and
sticks to it. The duration of the crash is At after which the cars move together. Give all answers
in terms of my,mg,v1 and At. [Later work may not be graded if it depends on incorrect earlier
work].

a) (15 points) Please re-read the rules at the front of the exam. How fast are the cars moving
after the crash?

b) (5 points) What is F' (the force of car 2 on car 1) during the crash, assuming F is constant
in this time interval.

c) (3 points) Given v; and m; consider a range of cars that might be hit by car 1. For what
mass mg car is its acceleration during the crash the biggest compared to all other possible
cars? (Answers of the form mg — 0 or mg — oo are acceptable.)

d) (3 points) Like part (c), for what mass ms car is its final kinetic energy maximum (that is,
more than the kinetic energy of any other car with a different ms)?

e) (3 points) Like parts (c) and (d) for what mass mo car is the total crash energy dissipation
maximum (that is, more dissipation than for all other m2)?
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2) (27 pt) A particle with mass m slides with no friction in a parabolic trough that is described with the
equation y = cz?. Equivalently you could think of a bead on a wire. Gravity g points in the.
negative y direction. The bead is released from rest at = 2. Find the force of the trough/wire
on the mass/bead when it reaches £ = y = 0. Answer in terms of some or all of zg,c, g, m, i

" and j.
The sct-up as
Zz
/ o X
S, = ex?
< = X---- V=0

'\ ( potential eneve ..—::C;.)

whewn =

There s ng QICTIO”&]‘_ Wse CINGER VAT 10N oF &N&,PG\L{

T,+V, = ;

17 Y1 — Tz,'} V- = s zy 5
1 L @ /V\/ﬂ(cxo )= L,
(X;Y)‘CX,’ CX:) CX)V)’COLO> :> lvl — X \f_z_ﬂ—; ,

Whew x=0 y= 0 tn. FBD ..

N P
. = (Z f_) P ;\\ =N ’W\ﬁ _ V=
J Lo
é““"'}'\g for N g4 1ves
ZC( Xq I > .
N= m + m d<re — | m ( ¥ Z_C Xo
N | /Q] ‘=0 “ N L Llx-0 {--

Finally  rom  the equatiom  on be Cront pugqe of He

+ 2
bes / ) (ﬁlﬂ‘Y'z)?/‘ (4+ '/0 ,)”7,
Plueo v -0 Zc




3) (27 pt) A motor drives link 4 at given constant wa4. All three links are equal length £. All questions
concern the velocities and accelerations when the system is passing through the configuration
shown.

a) (9 points) What is the angular velocity of link B.

".I!

b) (8 points) On figure (b) draw in, as accurately as you can,
the velocities of points B, C and D. The velocity of point B
is drawn for you. This problem will be graded independently
of problem (a) and your reasoning can be based on equations
or any thing else.

c) (8 points) Write out, but do not solve, one or more vector ‘ ——
equations from which you could find the angular acceleration
of B. Clearly indicate which terms are known and which
unknown in your equation(s) and explain how the number
of equations match the number of unknowns. Exressions like
r Ip/a should be evaluated in terms of £, i and j.
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Your TA, Section # and Section time: Your name:

//g @L ?f”?j v, -

‘E% .
Anby RuiNA

Cornell TAM 2030 Final Exam

No calculators, books or notes allowed., May 8, 2009

5 Problems, 150 minutes total.

Directions. To case your TA's grading and to maximize your score, please:
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Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used. '

Use correct vector notation.
Be (1) neat, (II) clear and (III) well organized.
TIDILY REDUCE and | box in | your answers (Don’t leave simplifiable algebraic expressions).

Make appropriate Matlab code clear and correct.
You can use shortcut notation like “6; = 18~ instead of, say, “cheta7dot = 187”.
Small syntax errors will have small penalties.

Clearly define any needed dimensions (£, %, d, . .. ), coordinates (x,y,r, 6 ...), variables (v,m,1,...),

‘base vectors (i, 7, 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 poorly defimed, 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 Whiqh would generate the desired answer (and explain the nature of the output).

Put your name on each extra sheet, fold it in, and refer to it at the relevant problem.
Note the last page is blank for your use. Ask for more extra paper if you need it.

Problem 1: /25
Problem2: /25
Problem 3: /25
Problem4: /25

Problem 5: /25
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1) A uniform disk with mass m and diameter R rolls back and forth in a trough with radius R. Assuming small
oscillations what is the period of oscillatior?(sAnswer in terms of some or all of R, g and m.
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2) A small bead m slides without friction on a straight rod which is rotating at constant @ about a point on the rod.

Neglect gravity. 2D, Find ¥ in terms of some or all of 7, 7 and w. 1
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3) A uniform stick with mass m and length £ swings from a frictionless hinge at 0.
a) Find the equation of motion. That is, find 6 in terms of some or all of g, 9 {,mand g.

b) The partial free body diagram shows some conceivable reaction forces at O. Which of these are you confident
are in the wrong direction (a,b,c,d,e.f,g)? Justify your answer in a manner that is fully convincing,
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4) A rear-wheel drive car attempts to drive uphill. Assume it does not tip over. What is the steepest slope ¥ it can
go up? Answer in terms of some or all of m, ¢, d, h, g/,and the moment of inertia about the center of mass /.
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5) A particle m is acted on by gravity and a cubic drag force F, = cv? that opposes its motion. Find ¥ in terms

of some or all of x, ¥, %, ¥,m, g and c.
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Your Name: /Q (J{/ N/’g

TA’s name, Section # and Section time:

| ]
SoLu

T

T&AM 203 Prelim 1
Tuesday February 23, 2009

Draft February 24, 2009

3 problems, 257 points each, and 90" 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 this problem book at the location of the relevant problem.

b) Full credit if

NS . .
e —free body diagrams«— are drawn whenever force, moment, linear momentum, or angular mo-
mentum balance are used;

correct vector notation is used, when appropriate;

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 defimed,

o M | H"T‘ ol

work is 1. ) neat,
IT. ) clear, and
II1.) well organized;

e your answers are TipiLy Repuced (Don’t leave simplifiable algebraic expressions.);
U 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 “07 = 18” instead of, say, “theta7dot = 18”. You will be penalized
slightly 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. Unless specifically stated otherwise, substantial partial credit if you provide
Matlab code which would generate the desired answer.

Problem 1: £ ] /25

Problem 2: Ef’f? /25

Problem 3: *‘i«f/ 25




1) (25 pt) A mass m moves on a frictionless plane. There are two forces on it
i) F, the force of a linear spring. One end of the spring is anchored at the origin, the other is
attached to the mass. The spring has rest length £y and spring constant k.
ii) Fy the force of a linear viscous drag. The drag force opposes the motion and is proportional,
with constant ¢, to the speed.

The Matlab code below is intended to give the differential equation to a Matlab solver like
ODEA45. It is incomplete. On the opposite page, provide the missing lines and box them in.

rhs(t,z,m,k,Lo,c)

% two components of position

of velocity

% radius, use if convenient
% speed, use if convenient

function zdot =
z(1:2);
z(3:4); % two components
sqre(r(1) "2 + r(2) " 2);
sqre(v(1) " 2 + v(2) " 2);

r

1]

You can use vectors or scalars
so long as the final code would run properly.

Missing lines of code here.

Please define intermediate variables, like d and s above,

% to simplify the readability of your code.

zdot =
end

[rdot;vdot]’;
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2) (25 pt) Four equal masses m are in a line between two walls. There are 5 springs separating the masses
from each other and the walls. All springs have constant k& but for the middle spring which has

constant ﬁ’ki learly describe one normal mode of vibration (with words and equations), giving
both the shape and the frequency.
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) (25 pt) A mass m is to be accelerated using pulleys and ropes and a force F. Design a pulley system

(using as many pulleys as you like) so that the acceleration of the mass is 3F/m. For this pulley
system, what is the acceleration at the point where the force is applied?
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Your TA, Section # and Section time: Your name:

Anoy Ruinva

Cornell TAM 2030  Prelim 2

No calculators, books or notes allowed. March 24, 2009

3 Problems, 901 minutes total.

Directions. Toease your TA’s grading and to maximize your score, please:

N A
[ ]

L

4

Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used. ‘

Use correct vector notation.
Be (I) neat, (II) clear and (IIT) well organized.
TIDILY REDUCE and your answers (Don’t leave simplifiable algebraic expressions).

Make appropriate Matlab code clear and correct.
You can use shortcut notation like “6; = 18” instead of, say, “theta7dot = 18”.
Small syntax errors will have small penalties.

Clearly define any needed dimensions (¢, h,d,...), coordinates (x, y,r,6...), variables (v,m,t,...),
base vectors (i, j, €, , €, A,i...)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 poorly dieffmed], 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).

Put your name on each extra sheet, fold it in, and refer to it at the relevant problem.
Note the last page is blank for your use. Ask for more extra paper if you need it.

Problem 4: /25
Problem 5: /25
Problem 6: /25




4) A car, moving to the right in the figure below, screeches to a stop, skidding the rear wheels (coefficient of
friction =y, friction angle = ¢, with tan ¢ = ). The brakes are not applied to the light front wheels which roll
easily. .

What is the vertical force from the ground on the front wheels?

Answer in terms of some or all of the variables on this page. Extra credit for showing that your answer agrees with
one or more special cases that you can evaluate more simply.
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5) A small block slides down a circular chute. You are given 6 and the other variables shown. Find 6.

Extra credit for showing that your answer agrees with one or more special cases that you can evaluate more simply.
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6) Two balls on a plane have equal mass m. One is initially still and the other is moving at speed vy in the
direction shown. They have a frictionless collision with coefficient of restitution e = 1.

Find the velocity (a vector) of either ball (your choice) after the collision.

Answer in terms of some or all of m, Vg, #, j and various numbers. [Note: sin 30° = 1/2 and cos 30° = +/3/2.]
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Your &Section # and Section time: Your name:
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y o Y e e e e 4

Cornell TAM 2030 Prelim 3

No calculators, books or notes allowed. April 14, 2009

3 Problems, 907 minutes total.

Directions. To case your TA’s grading and to maximize your score, please:

~ : . .

o" Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

® Use correct vector notation.

v+ Be (D) neat, (IT) clear and (III) well organized.
O  TiDILY REDUCE and your answers (Don’t leave simplifiable algebraic expressions).

>> Make appropriate Mat lab code clear and correct.
You can use shortcut notation like “6; = 18” instead of, say, “theta7dot = 18”.
Small syntax errors will have small penalties.

T_) Clearly define any needed dimensions (¢,%,d,...), coordinates (x, y,r,@...), variables (v,m,t,...),

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 poorly diefimed, 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).

[] Put your name on each extra sheet, fold it in, and refer to it at the relevant problem.
Note the last page is blank for your use. Ask for more extra paper if you need it.
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7) A thin-walled pipe with mass m and radius r rolls back and forth in a trough with radius R. Assuming small
oscillations what is the period of oscillation. Answer in terms of some or all of r, R, g and m.

A




8) A rectangular plate P rotates with constant counter-clockwise angular velocity wp about the point O marked. A
bug walks on the plate with constant speed v, relative to the plate, on the dotted circle shown (radius r, with center
a distance R from O). At the instant of interest the center of the circle and the bug are both directly to the right of
0. .

a) What is the velocity (a vector) of the bug at this instant?

b) What is the acceleration (a vector) of the bug at this instant?
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8b) Assume r and # are measured in the standard way relative to an x y coordinate system. A particle motion is
described with polar coordinates with
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9) A rigid cart (mass m, moment of inertia I ¢) with light well-lubricated wheels is rolling on level ground at
constant speed vy when the front wheel suddenly gets completely stuck against a curb. Just after this collision
what is the velocity of G? Answer in terms of some or all of vo,m, 19,d, h and g.
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Your TA, Section # and Section time-' Your name:

S OLUTIONS ) | ANDY KUINA

CW Final Exam

TAM/ENGRD 2030 Maj 12,201

No calculators; books or notes allowed.
5 Problems, 150 minutes (no extra time)

How to get the highest score?

Please do these things:

N
®

L1

A+

R

Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

Use correct vector notation.
Be (D) neat, (I)clearand (III) well organized.
TIDILY REDUCE and your answers (Don’t leave simplifyable algebraic expressions).

Make appropriate Mat 1lab code clear and correct.
You can use shortcut notation like “7 = 18” instead of, say, “T (7) = 18”.
Small syntax errors will have small penalties.

Clearly define any needed dimensions (¢, 4,d,...), coordinates (x, y,r,8...), variables (v,m,¢,...),
base vectors (i, J, é;, é,, ... ) 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 poorly defimed, 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 equati;()ns to solve.
— Provide Matlab code which would generate the desired answer (and explain the nature of the output).

Extra sheets. Put your name on each extra sheet, fold it in, and refer to it at the relevant problem.
Note the last page is blank for your use. Ask for more extra paper if you need it.

Problem 13: /25
Problem 14: _____/__2_§_
Problem 15: ___LS_
Problem 16: /25
Problem 17: /25



13) Making all the usual assumptions about masses and pulleys, find the acceleration of point C in terms of ¥ and
m. Neglect gravity.
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14) A disk rolls down a ramp without slipping. How big does u have to be in order to prevent slip? (That is, if
is too small, slip would not successfully be prevented). Answer in terms of some or all of 6, g, R, 1 G and m.
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15) A mass m hangs from a spring with constant k£ and rest length Ly = O (the spring is a so-called .
zero-rest-length spring). The mass is released from rest at the position ¥, = 07 + y,J.

a) Find the pdsition of the mass at time ¢ in terms of some or all of k, m, g and yj.

b) Draw the trajectory (the path that the mass moves on). re¥.

¢) In words, describe the shape of the trajectory.
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16) Write MATLAB commands to make a plot of xp (¢). Pick any convenient non-zero values (in consistent units)
for any variables or constants.
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17) A motor at O turns a rigid rod OA (mass M, moment of inertia %) at constant angular rate é. A
negligible-mass rod with length r is hinged at A and has mass m at its end. Neglect gravity.

a) Is angular momentum of the system OAB about O constant or not? (Explain your answer.)

b) Consider the special case that ¢ = 0 and ¢ = 0 (for all time). Find g in terms of as many of these terms are
needed: 6,0,L,Lg,r, M,m and IC.
¢) Now consider non-zero ¢ Find § in terms of some or all of ¢, gf), 6, é, L, Lg,7,M,mand [ G,
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Your TA, Section # and Section time: Your name:

Cornell )
TAM/ENGRD 2030 porci-all Makeup

No calculators, books or notes allowed.

May 7, 2011

3 Problems, 90 minutes (+ up to 90 minutes overtime)

How to get the highest score?

Please do these things:

N 7
o

.

A+

2

Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

Use correct vector notation.

Be (D neat, (II)clearand (III) 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 “7T, = 18” instead of, say, “T (7) = 18”.
Small syntax errors will have small penalties.

Clearly define any needed dimensions (£,%,d,...), coordinates (x,y,r,0...), variables (v,m,¢,...),
base vectors (Z, j, 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 poworly deffimedl, 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. Put your name on each extra sheet, fold it in, and refer to it at the relevant problem.

Note the last page is blank for your use. Ask for more extra paper if you need it.
Problem 10: 125
Problem 11: 25

Problem 12: 125
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Your TA, Section # and Section time: Your naine:

"SoLuT 1oN ST Anvpy Ruivg

Cornell :
TAM/ENGRD 2030~ _rehm 1

No calculators, books or notes allowed.

3 Problems, 90 minutes (+ up to 90 minutes overtime)

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, (I)clearand (II) well organized.
TIDILY REDUCE and your answers (Don’t leave simplifiable algebraic expressions).

Make appropriate Mat lab code clear and correct.
You can use shortcut notation like “T5 = 18” instead of, say, “T (7) = 187,
Small syntax errors will have small penalties.

Clearly define any needed dimensions (£.h.d,...), coordinates (x, y,r6.. .k), variables (v, m,,...),
base vectors (i, j, é,.é,, Ad. .. ) 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 poorly diefmed, 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 toa 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. Put your name on each extra sheet, fold it in, and refer to it at the relevant problem.
‘Note the last page is blank for your use. Ask for more extra paper if youneed it.

Problem 1: ___ /25
Problem 2: - /25

Problem 3: 25




1a) A basketball M is dropped from height /1 onto a hard surface. Falling just directly above it is a small /, [ /n é@ ﬂé
ping-pong ball m. The Basketball hits the surface, bounces up and immediately hits the ping-pong ball which
bounces up off it. Assume M > m. Assume e = 1 for both collisions. Neglect the size of the balls in relation to
h (h > ball radius). Neglect air friction. How high does the ping-pong ball bounce?

b) Now assume that both collisions have coefficient of re%umnon e but e £ 1. For what what value of e is the
height of the ping-pong ball flight = /?

¢) The answer to (b) above is a famous number. For one bonus point, do you know anything interesting about that
number?
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2) As for missing information, please read the front cover.
a) Given the positions and velocities of the three masses find the acceleration of mass 2.

b) Assuming k, = 0 and k; = 0 and that mass 2 has an initial speed v, find the position of mass 2 as a function of
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3) The Matlab text below is in one file. It is known to run without error. It is bad code because it has no comments
and does not use suggestive variable names. ‘

a) As accurately as possible show the output from running this file. Please annotate (write comments about and
explain) the output with any key features or numbers.

b) Same; but changing p = 0; to p = .1;.
Do not do any long calculations (e.g., arithmetic with square roots) in in detail. Just show clearly how the solution

is different than (a) above. z [)( ‘wst pames éﬁ
, =i g ~
ik

2, £2;
70 LRI (o it ks
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function [tmat zmat] = eulmeth tspan,
tmat = linspace (tspan(l),tspan(2),n
h = tmat (2)~tmat (1) ;
zmat -~ = zeros(n+l,length(z0)); S
zmat (1, :) = zO’;’ Sah/e
for i=l:n; ODEf
z = zmat (i,:)’; . N
€ ’
t = tmat (1) ; n"tmew f 7
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No calculators, books or notes allowed.
3 Problems, 90 minutes (+ up to 90 minutes overtime)

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 (I)neat, (II)clearand (III) well organized.
TIDILY REDUCE and your answers (Don’t leave simplifyable algebraic expressions).

Make appropriate Mat lab code clear and correct.
You can use shortcut notation like “T; = 18” instead of, say, “T (7) = 18”.
Small syntax errors will have small penalties.

Clearly define any needed dimensions (£,4,d,...), coordinates (x, y,r,0...), variables (v,m,t,...),

base vectors (i, J, é,, é,, A,A...)and signs (&) with sketches, equations or words.

- L]ustify your results so a grader can distinguish an informed answer from a guess. 5

~

1]

If a problem seems poorly difimed, 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. Put your name on each extra sheet, fold it in, and refer to it at the relevant problem.

Note the last page is blank for your use. Ask for more extra paper if you need it.
Problem 4: /25
Problem 5: 125

Problem 6: /25




1) At the time of interest a uniform square suitcase with mass m, sides £ and thickness d is rolling and sliding
down a ramp with speed v > 0. The front wheels (downhill) are ideal massless wheels. The other end is sliding on
a rubber stub with u = tan(¢) = 1. Do not neglect gravity g.

a) For 6 = 45° find ©. Answer in terms of some or all of £, d, m, g and v. , A@ b
b) For what value of is 9 = 0 ? L 5%« b
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3) A canonball of mass m = 2kg is launched from the top edge of a tall cliff, with a velocity of
vy = (3007 + 400f) m/s. x and y are the distances from the launch to the right and up, respectively. Gravity
points down with ¢ = 10m/s?. There is a quadratic drag force on the ball, opposing the motion, with magnitude

F = cv? where ¢ = 0.1N/(m/s)2.
Goal: find thex position of the ball, in meters, after 100 seconds.

a) Supply the two missing blocks of code (A and B below), so that running prel2g3.m below will
provide the desired numerical solution to the equations of motion.

Please use reasonably-named intermediate variables to make your code as readable as possible. No other changes
or additions to the code below are needed, but you can make other changes if you like.

b) Extra credit (easy): Estimate the velocity at t = 100s. The answer should be a single arithmetic formula
involving the numbers above. An exact analytic formula is not possible. But it is possible, making reasonable
assumptions based on the nature of the motion, to get an accurate estimate.

b) Extra credit (challenge): Estimate the value of x at # = 100s. This estimate need not be as good as that above.
~Again an arithmetic formula is desired. E}
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) tfod
y0=0; vx0=300; vy0 = goo;
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The next line nicely prints out
disp([’'x(100s)=' num2str(z(end,l)
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function [tmat zmat] = rk2(tspan,z0,n,p)
%Midpoint integration. No problems here.
tmat = linspace(tspan(l),tspan(2),n+l);
h tmat (2) -tmat (1) ;
zmat = zeros (n+l, length{z0));
zmat (1, :) = z0’;
for i=1l:n;
z = zmat (i, :)’; t = tmat (i) ;
ztemp = z +(h/2)*rhs( t, Z, e);
znew =z + h *rhs((t+h/2),ztemp,p);
zmat (i+1, :) = znew’;
end
end
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untlt}éd te é/” Page 1 of 1
Pr:u;ked- 9/11 /63//2 /11 | 5:04:36 Printed For: Agfgy"‘”nuina

%A MISSING CODE

p.m =m; p.c =c¢c ; p.g = g;

tspan = [0 t_end]; n = 10000;

z0 = [x0 y0 vx0 vy0]';

% B. MISSING CODE |

m=p.m; ¢ = p.c; g = p.g; g;‘

r= z(1:2); vvec = z(3:4); %position and velocity vectors

v = nerm(vvec); uv = vvec/v; % mag of vel, unit vector in dir. of vel.

Fdrag = -c*v*2*uv; % drag force, a 2-comp vector

rdot = vvec; % first two ODEs N (w

vvecdot = (1l/m)*(Fdrag -[0 m*g]'); % 2nd two ODEs (F = ma) |

/ - !

zdot = {rdot; vvecdot]; % All 4 comps of rhs. %

E—— » N “:2

63) A sscame Lermined  velocitq

,j = by &
E’ b= MY
e 4
L v 7 -

V= \f =

e
st Sy o

4
‘i;%

4 «mwwmwmmwag

v =1\/z PERY

T
W
3
%‘
LB

A | 27
gy
;z: b ow

_ éf@ ! f w‘%‘jg
ﬂ{%E et

iﬁ 5%5 & { fpratit J &“"*M’?m 7
(h@@ M« Avay)

>




Al "
ma@g%’%wwfwz Wj;fwififw o V

@mﬂ%ﬁi 1 j dﬁg% AZ
m%}? wﬁﬁiiw “’Mg;ﬁw} X&Vf:’é féé’fﬁ‘ &m‘é

Err it

 we V= fevp
it §§ - ﬁﬁ» é;w w}fg‘w ﬁ} W jﬁ

‘&i“ " 4 3
+ vﬁ%ﬁw of 1o qun citron

m )
MM?

VW 8/c

7%
C f)wj oot on o 2 w¥s h}

# < fM :
% e ,gt §£“‘§§t P “'g w%f: gg% é‘f gf'

W;g / ﬁ

2 =
e @ b,
L
Gopoer et

7<

5
iR 2
5

PosTe LAY _rIATLRD check )
%ﬁ absve =) f{ rar =, 185

éf} e «ﬁf "’f - !/;:éém .

C 3 Q ”{” t «((? £ vaﬁ/{& PN ' f{ 955’”((5 ”;if«‘fv‘f” ff’ . ﬂﬁf{ff}; ] ,/

























fr

‘/E?*h ._._,.w"\wf\
ur TA, Section # and Sedm:,.\ Your name:

7

lgoLuTION;S“J) ‘AND,& EuiNg

//\‘—*'/—\1—’*\__,«/\_/"‘“—-/\-/

Cornell :
TAM/ENGRD 2030 . nal exam

No calculators, books or notes allowed.
5 Problems, 150 minutes (+no extra time: University policy = budget your time!)

How to get the highest score?

Please

e
°

A+

>>

(VIS

%

do these things:

Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

Use correct vector notation.
Be (I)neat, (Il)clear and (III) 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; = 18” instead of, say, “T (7) = 18".
Small syntax errors will have small penalties.

Clearly define any needed dimensions (£, %, d,...), coordinates (x,v,r, @...), variables (v,m,f,...),

base vectors (i, J, €,, é,, A,fi...)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 poorly digfined, clearly state any reasonable assumptions (that do not oversimplify the
problem).

Waork 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 13: /25
Problem 14: /25
Problem 15: /25
Problem 16: /25
Problem 17: 125



13) 2D, with gravity g. A mass m is attached to the end of a negligible-mass rigid rod with a length £. The other
end of the rod is attached to a hinge with negligible friction. The mass is slowed by air friction which resists
motion with a force with magnitude |F| = cv? where v = |v] is the speed of the mass. The pendulum is released

from rest at time ¢ = 0 with the rod horizontal and to the right of the hinge. Assume any non-zero positive values
that please you for all parameters (e.g., g, m, £, ¢, and f1). Do not attempt an analytic solution.

w a) Using ODE23 or ODE45 write all the Matlab commands needed to find the speed of the mass at time ;.
Some partial credit if you never learned ODE23 or ODE45 and can write your own ODE solver.

% b) The output to the command window should be ‘At time
(with numbers, calculated by the computer, instead of blanks).
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14) 2D, with gravity g. A solid uniform disk with radius » and mass m rolls on the top of a rigid unmoving hollow
pipe with radius R. Line OC, between the center of the pipe and the center of the disk makes an angle of § CCW

(counterclockwise) from straight up. Assume & and 6 are small enough, and & big enough, so there is no

separation or slip.

a) Find the equations of motion (That is, find g in terms of some or all of 8, 8, m, g,r, (b and R).

b) Find a function f so that the equation 0 = (6,6, m, g, u,r, R)
describes the condition when the wheel would first lose contact.

¢) Harder (save until all other problems are done). Find the angle € when contact is first lost in terms of some or
A allof m, g, el and R assuming that the rolling starts from rest at 6y = 0% and all rolling is without slip.
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15) 2D, no gravity. A bead with mass m slides on an L-shaped (right angle at bend) frictionless rigid rod which is
turned by a motor at constant angular velocity @, = wyk. The bead only moves on the straight part of the bar
marked by s. If s passes through zero in your solution, only consider until s = 0.

K a) Find the equations of motion of the bead. That is, find § in terms of some or all of wy, §, §,mandd.

m b) Given that §(0) = s, > 0 and §(0) = 0, find s in terms of some or all of ¢, wy, m, sy and &. (No Matlab).
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16) 1D with gravity g. A mass m hangs from an ideal round negligible-mass frictionless pulley, an inextinsible
strings, and spring k as shown. Give all answers in terms of some or all of m, g and k. As for all problems, clearly

define any other variables you may use in your solution.
a) At equilibrium how much lower is the pulley than when there is no mass (but the string and pulley are not

slack)?
b) What is the frequency of small oscillation (so small that the strings do not go slack)? You can find w or f, as

you please.
String )
SmN N ) f Sprns ﬁw—s fmw;u = Ly
pm_ “"!3 \5/%6‘ ( ;‘:[”“) ff “i \Es {rlwﬂh — :/‘fy‘
o gt et | Ny J,,’!'..} . ir? ~ t.’.-;;— ;Az
T~ cadiat = © Speiny ST ’

= YZD ~1 ,
T sre

0=

l\
i
R
inge
"
)
3
S

= 2K &X&
_ '\
;{c,:cj ",’-}g—éﬁ {f/ l:'

‘b
€q N e
g-l—{,—e'{'tb ':”7 \7((; B

PR
e
o TE—



1u

17) 2D, with gravity g. A uniform cube with mass m and side d rocks on edge A and tips until it has a collision
with edge B. Then edge A breaks free, and then the cube rocks about edge/hinge B. Just before the collision, at
¢ = 1~, the angular velocity of the cube is known to be wy k. Just before and after the collision the tip angles are

negligibly small. What is the angular velocity wzfc Jjust after the collision at 7 = t1t9 Answer in terms of some or
all of m, g, d and w;.
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Your TA, Section # and Section time: Your name:

Cornell Makeup Prelim

TAM/ENGRD 2030

May 4, 2013

No calculators, books or notes allowed.

3 Problems, 90 minutes (+ up to 90 minutes overtime)

How to get the highest score?

Please do these things:

N S
[ ]

A+

>>

P

Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

Use correct vector notation.
Be (D) neat, (I)clear and (III) well organized.
TIDILY REDUCE and your answers (Don’t leave simplifyable algebraic expressions).

Make appropriate Mat lab code clear and correct.
You can use shortcut notation like “77 = 18” instead of, say, “T (7) = 18”.
Small syntax errors will have small penalties.

Clearly define any needed dimensions (£, #,d,...), coordinates (x, y,r,8...), variables (v,m,1,...),

base vectors (1, J, é,, é,, AA... ) 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 poorlly 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. Ask for more extra paper if you need it. Put your name on each extra sheet.

Problem 10: /25
Problem 11: /25

Problem 12: /25



10) 2D. No gravity. A bead m slides with friction coefficient 1 on a rigid straight rod with length £ that is rotated
by a motor. At the instant of interest the angle of the rod is 6, the rotation rate is 6 and the angular acceleration is
6. The bead is a distance s from the motor axle and has rate of sliding s > 0. In terms of some or all of

", 99, 6, £,s and §, find §.

11) 2D. A tricycle has weight mg and wheels with negligible mass. The steering is locked straight forwards.
Assume the friction p is big enough so that the wheels roll without slip. The front wheel has radius R and the
front crank has length d < R. A forwards force F' > 0 is applied to the bottom pedal from a person standing at
the side. In terms of some or all of m, g, R, d, F, i and g, which direction does the tricycle accelerate (right or
left) and with what acceleration?

12) Write all of the Matlab commands to solve the following problem using ODE23 or ODE45. The result should
be printed by Matlab in the command window.

The equation of a damped simple pendulum is 6 = —% sin@ — 6.

Find the angle 6 att = ;.

Use any non-zero values you like for g, £, ¢ and #; and for the initial conditions.
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No calculators, books or notes allowed. This version
slightly improves the given version.

3 Problems, 90 minutes (+ up to 90 minutes overtime)

How to get the highest score?

Please do these things:

o
[]

A+

¥ L

&

Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

Use correct vector notation.
Be (D) neat, (II)clear and (III) well organized.
TIDILY REDUCE and your answers (Don’t leave simplifyable algebraic expressions).

Make appropriate Mat lab code clear and correct.
You can use shortcut notation like “T; = 18” instead of, say, “T (7) = 18”.
Small syntax errors will have small penalties.

Clearly define any needed dimensions (£,%.4d,...), coordinates (x.y,r,0...), variables (v.m.t,...),
base vectors (7, . é,, €, Ad... ) 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 powrly digffmed], 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 1: 125
Problem 2: /25

Problem 3: 125



1) A mass m bounces back and forth between two springs each with constant k. The space between the springs is
L. Neglect the width of the mass. Neglect the mass of the springs and their supports. In this motion energy is
conserved. For some initial condition, assume that the peak speed of the mass in a cycle of oscillation is Vp:
Answer the questions below in terms of some or all of m,k, L and Vg

——

a) What is the total energy? Assume the potential energy is zero when the springs are unstretched. E = (2 E t

b) In a cycle of oscillation what is the maximum deflection of the right spring? m @)

¢) What is the period T of oscillation?

d) Plot the cyclic frequency f (defined as /' = 1/T) vs peak speed vp. Clearly mark and label any key slopes,
intercepts, intersections or asymptotes on this plot.

e) EXTRA CREDIT. Hard. Only think about this if you have nothing more to add to anything else on the exam.
Assume that the ends of the springs also each have mass m = m/3. Assume that all collisions are with
restitution coefficient e = 0. Assume there is no other friction. Can you find a situation where oscillations
persist with no decay? This means finding the right combination of Up.k,m and L, as well as the right initial
conditions. Hint: How, with e = 0, can there be collisions with no energy loss?
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2) The year is 2018 and Dennis Tito’s space ship (mass = m) is flying around Mars (mass = M > m)!. The forces
acting on the ship include

® a gravity force from mars due to the universal law of gravitation with constant G
s a drag force with magnitude cv?, due to motion through the thin martian atmosphere;
e a thrust force Fy, from the ion generator, along the motion.

a) (5 points for your signature) I have read all the directions on the front cover.

(sign above)

"

b) (20 points) In terms of some or all of n, M G.c, Fo,t X y X and y glven at some time ¢, write Matlab
commands to find X at that time (Jj&fpetbtd-yobibig B hands SHbeelds6 - That is, assume non-zero
values have already been assigned for the given variables, and you write Matlab commands the last of whxch

should start: F D (
B ‘F, a

xddot = £ &
N - ~
y’;\ \ ?/t_)"- i P
{ l ( E 4
LT P o) BN
Sew === By A
. -~ ~
I/K/_rod{:}ﬂo(Tf‘{'O ‘ 0’ | 7
; —2 .
% - "’”_ . 2 - _<[\7‘[\/
E - =EHn g RS
é L
£y 3 £ Fets B
Fehd , Fuc Btie R

; ' s " ___!'_':. F" ¢
o Eemd DTE P D k[T
[/]

r=[x 713 a:(Ft’r*F{*FD)/M

V= LRy [ xddt 7t ]’
ey = ir*/ha(r!"h ("'),

£ 2 -GxMxmxev/ct

F, = Fx €¢

~ i < ¥ Vx h"‘””‘@

No kidding. Dennis Tito is a real person and this, according to the New York Times this past weekend, is his plan. The ship is to be
designed by Space X, many of whose top engineers, so the rumor goes, learned dynamics in TAM 2030 at Cornell. And by 2018, one of
them could be you.

Xddot = (1)



3) Two masses are connected to two identical dashpots and a spring, as shown. The positions of the left edges of
the masses xyjand xg, as well as all other variables, are defined as shown.

a) Draw free body diagrams for both masses, and write the equations of linear momentum balance (F = ma) for
both masses clearly enough so that a differential equations expert would know what to solve.

b) That expert wrote some code to generate an approximate numerical solutions, but left some parts blank.
Wherever there is a » you fill in the missing code. The meanings of variables are implicitly defined by
the physical problem and by other parts of the code.

¢) Based on your understanding of both Matlab and mechanics, draw the plot Matlab would make, as accurately as
you can.
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This code is poorly commented. It is an exam problem, not an example to emulate.

function

tarray = { ;i n = length(tarray);

z0 sl 1 0 0]'; %in the original exam this was [1 1 0 0]’;

p.mA = 1; p.mB = 1; p.k = 1; p.c = .53 adl ma L_c"

p.wA = .5; p.wB = 2; p.-L0O = 2; p.l.;if):/- S.f"‘“ vy kelex

L) [ N Voo Xp = 2. g

[tarray zarray] = mysolver (tarray, z0, p); B ﬁ

xlarray = zarray(:,1);x2array = zarray(:,2); i h J“‘f"d ;'ﬁ;,;-ﬁél;

plot (tarray, xlarray, ‘b--',tarray, x2array, 'r—' ) » -2 5
end 15 aL- I
function [tarray zarray] = mysclver(tarray, z0, p)

n = length(tarray);

zarray = zeros(n,length(z0));

z = 20; zarray(l,:) = z;

for 1 = 2:n

t = tarray(i-1); h = tarray(i) - tarray(i-1);
zdot = \"}\5 é 'f:/ 2",/ P) ;
. = BF b+ Ziditieb ;
zarray(i,:) = z’;

end

end

function =zdot=rhs(t,z,p)

=z(1:2); v= 2% ‘f))

Lldot = (1l):

_ X@)-X(f}—p,wﬁ : A /4‘”1"4 ot _S"PH’:)

L2

L3dot = - V(Z_) ;
TI = p.c « Lldot;

T2 = ki K x ﬁ—:)« [ LO)
T3 = p.c + (L3dot);

xdot = \/ ;
vldot = /TZ = T{)/ m A i
v2dot = (T3 TZ_ /P MB ;

vdot = [vldot, v2d0t] :

zdot
end

[xdot; wvdot];
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No calculators, books or notes allowed.

3 Problems, 90 minutes (+ up to 90 minutes overtime)

How to get the highest score?

Please do these things:

~
L]

&

Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

Use correct vector notation.

Be (Dmneat, (IDclear and (III) well organized.
TIDILY REDUCE and your answers (Don’t leave simplifyable algebraic expressions).

Make appropriate Mat lab code clear and correct.
You can use shortcut notation like “T = 18” instead of, say, “T (7) = 18".
Small syntax errors will have small penalties.

Clearly define any needed dimensions (£, /,d,...), coordinates (x,y.r,6...), variables (v, m.t,.. 2,
base vectors (Z, J, €,, €. A, 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 poerly defimed, 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 7: _ /25
Problem 8: 125

Problem 9: /25



1) A circular hoop swings as a pendulum from a hinge at a point on its edge. Answer in terms of some or all of
m, KR and g.

a) What is the period of small oscillation near to hanging straight down?

b) If it was launched from the straight down position, what is the minimum launch speed needed by the center
of mass in order to swing the hoop over the top?

¢) In terms of some or all of m, R and g, what is the length £ of a simple pendulum (ie, point mass m and string
with the same gravity g) that has the same period of small oscillation as does this hoop?
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2) A spool, like the movie spool in lecture, is progressing down a slope. The inextensible film is held firmly at one
end and unwinds from the spool. The friction between the spool and the ground is low enough so that the spool
slides on the surface. You are given the spool outer radius R, the film radius r, the spool inertia about its COM
16, the spool mass rm, the slope 6, the friction coefficient i, the gravity constant g and the present speed v of
the spool down the slope.

Hint: it might help you to picture the motion by first imagining that there is no friction. Then put in the friction.

a) Find the normal component of the force of the ground on the spool.

b) Find any one of these quantities: The acceleration ag of the spool center down the slope, the angular
acceleration o of the spool, or the tension in the film/string. If you find more than one quantity, clearly label
the one you want graded.

Spaa' : m,IG Stvina,
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3) Equations of motion for a simple model of an arrow. 2D. A uniform rigid stick (Iength £, mass m) flies through
the air. As it flies, the line segment AB makes an angle 6(¢) with the positive horizontal x axis. Attached to one
end, labeled A, is a negligible-mass ping-pong ball that has air friction. The friction is modeled as linear: the
ping-pong ball drag-force resists motion of point A with magnitude Fp, = cvy. The air friction on the rest of the
stick is negligible. The center of mass G is at the center of the stick. You are given 8, 9.,?6',?@ m,€,c,d and g.

a) Find 6 and @, a ¢ (a vector expression for @ without explicit components is fine, but scalar components are
also fine). You are given 6, 6, 7, g, Vg, m,£,candg.

b) Harder. If, instead of a ping-pong ball at A there were feathers. And, more like a real arrow, these feathers
had no resistance to the motlon of Ai 1n the AB direction. But the feathers resisted motion perpendicular to
AB with a force F7- i = = dvt, where vl is the component of v orthogonal to the line AB'. You are given

6,0,%g, g, m,£,d and g. Find 6.

| i Tl
P iho) Pd 3
A atHached sktk

L Aside: A more realistic model of an arrow would have that ‘lift’ force depend quadratically on the forward speed. More realistic still
would be to have a lift and drag model for the feathers, this would be a model more like that used for an airplane wing.
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Your TA, Section # and Section time: Your name:

Cornell -
ME 2030, Dynamics fﬁ‘fﬂf Adml

No calculators, books or notes allowed.

5 Problems, 150 minutes (+ no overtime, Cornell rules)

How to get the highest score?

Please do these things:

NS
e

A+

>>

0%

Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

: Use correct vector notation.

Be () neat, (I)clear and (III) well organized.

: TIDILY REDUCE and | box in | your answers (Don’t leave simplifiable algebraic expressions).

Make appropriate Mat lab code clear and correct.
You can use shortcut notation like “77 = 18” instead of, say, “T (7) = 18”.
Small syntax errors will have small penalties.

: Clearly define any needed dimensions (¢, 4,d,...), coordinates (x,y,r, 8 ...), variables (v,m,1,...),

base vectors (7, J, é,. é,, AA... ) 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 powrlly dieffimed!, 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 13: /25
Problem 14: /25
Problem 15: /25
Problem 16: /25
Problem 17: /25



13) 2D. A round rigid hoop with radius R has negligible mass. A point mass m is glued to the hoop. The hoop
rolls without slip on a horizontal surface. Given 6, 8,m, g and R find 6.

Full credit for reducing the problem to a totally clear math problem (one that a skilled person could solve without
understanding the problem or looking at any pictures). That is, you should set up the problem correctly while
making clear that you could do all of the algebra required (e.g., show all of the planned substitutions and show the
results of any needed dot and cross products between base vectors). That is, there is no point in doing any lengthy
algebra. No extra credit for doing the algebra.

- malS {eil

hoop \1/ 3

F







14) 2D.

The earth goes around the sun. A plane goes around the earth.

The earth goes around the sun in a counter-clockwise circular orbit with radius R once per unit time 7’
(that is, if you were to substitute numbers, which you should not do, T= 1 year).

The angular velocity of the earth is w, = w,, 7 relative to the fixed distance Newtonian-reference-frame
stars (That is, w, > 27 /day by a little bit).

The earth radius is r.

A plane is going counterclockwise around the earth with constant speed v, relative to the earth (v, is the
so-called “ground speed” of the plane).

At the time of interest everything is lined up like in the picture below (with the plane at P on the line from
the sun to the center of the earth).

Answer all questions in terms of some or all of R, 7, T, w,, Uy, fand J.

a) What is the position of the plane 7,?

b) What is the velocity of the plane v,,?

¢) What is the acceleration of the plane ﬁp?

AN
\
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€
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15) 2D. A uniform rigid stick with length L and mass m is balanced upright. It is hinged at A. It is then given a
tiny push (big enough to cause a fall, but small enough so that the kinetic energy just after the push is negligible)
and eventually falls to the right. It has a plastic collision at B, assume the impulse at B is vertical. What is the
impulse at B? Answer in terms of some or all of m, £ and g.
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16) 2D. No gravity. A rigid L-shaped rod rotates at constant angular speed w. A point mass m slides on the rod
with no friction. Given that s(0) = 0 and s(0) = v, find s(#). Your answer can contain some or all of ¢, vy, m, d
and w.
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17) 1D. No gravity. Spring-mass-dashpot system. The width of the two masses is negligible. At = 0 the masses
have given positions X1, X5¢ and speeds to the right v, v5o. Assume any non-zero values, in consistent units,
for the parameters X, X5¢, V19, V29, k. £g, c1, ¢, and t,,, 4. Using ODE45, write Matlab code to plot the position

of mass one for the interval 0 < ¢ <¢,,4.
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Yo ion #-and-Section-time: o Your name:
L’SoLuT(ONS )| [Anoy  RuiNA
\’\’\-f\««\/ 7

3 TS e S N

Cornell :
TAM/ENGRD 2030 Prfjlml

No calculators, books or notes allowed.
3 Problems, 90 minutes (+ up to 90 minutes overtime)

How to get the highest score?

Please do these things:

N ; ]
¢ : Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

® : Use correct vector notation.
A+: Be (D) neat, (II)clear and (IIT) well organized.
O : TIDILY REDUCE and your answers (Don’t leave simplifyable algebraic expressions).

>>: Make appropriate Mat lab code clear and correct.
You can use shortcut notation like “7; = 18” instead of, say, < T (7). = 1388
Small syntax errors will have small penalties.

T__) : Clearly define any needed dimensions (¢,h,d,...), coordinates (x,y,r,0...), variables (v, m, ¢, ... ),
base vectors (Z, j,é,,8,, A, A...) and signs (£) with sketches, equations or words.
—| : Justify your results so a grader can distinguish an informed answer from a guess.
3 : If a problem seems poorly diefimed, 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).

[I] 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 1: 125
Problem 2: /25

Problem 3: 125

Hint: No part of this test depends on, or will even probably be helped by, extensive calculatim;l




1) Statics. Consider the small structure below. Assu

me rigid bars and neglect gravity. [Hint: this problem is prone
to sign confusion, so take care. ]

a) Read the cover page. Write“I have read the cover page and I understand it’ I w de+e ["(' I

b) Find Tg, the ‘bar force’ in bar AB, in terms of F,d and ¢ . R

O IfF=1INd=1cmand ¢ =
can get full credit here if your a

10cm what is T5? If you don’t trust your formula for 7,5 from part (b), you
nsv’gsr is about right and justified with some reasonable words.
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2) What’s the problem? That is the problem. The computer code on the next page is poorly documented. But once
the missing line of code is filled in (at the “% *I*7) it runs without error.

a) Describe below as precisely as Yyou can, with pictures, words and equations, a mechanics question for which
this code gives the answer. Then set up the governing equations.

b) Fill in the missing line of code.

¢) As precisely as you can, draw the plot that the code at the ri
the missing line).

From code! 0 X:\/

FBD @3> v-=( k{x-L)-¢ u/f[_) i,

<-4 ;@ S ima= - k(x-t)- ¥ 1V Avas
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function prell ()

$Poorly documented code

o~

i

p.M

’

[0 6%pi]

= 1000;

tspan =
n

x0
z0

feel) =0

odesolver(tspan,zo,n,p);

[Carray zarray]

Rt av iy ) -

V=

gl )y

Zarravi
plot (x,v);

X =

{
J

makes X and y axis on the same scale

axis (’equal’) %

end
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= odesolver(tspan,zO,n,p)

function [tarray zarray]

14

iinspace (Espan(l)) tepan(2) ntl)

zeros (n+1,2);

1

Larray
zarray

= ZzOh
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s
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w tarvav(il;
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function zdot = rhsde, >, )

(D wdot = ¥

14

= begsv*abs (V) )i/p.M;

Ky (x=b o L)

[xdot

=)y vdot

Z)

| v ]

abg({v) 1is

3

73

soNdot

zcot

end
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3) For the three-mass system shown assume that at the e

quiiibrium position all of the springs are relaxed and that
X = x2 = X3 = 0.

a) Write the governing equations in matrix form (Use the laws of mechanics to find these).

b) As precisely as you can describe one normal mode of
vibration for this mode). [Please do not use ei
unless you know no other way.]

this system (for example, find the frequency of
gen-values and eigen-vectors to find the mode and its frequency

X1 X2 X3
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Your TA, Section # and Section time:

Your name:

ANDY EuinH

Prelim 2

TAM/ENGRD 2030 March 20, 2014

No calculators, books or notes allowed.

3 Problems, 90 minutes (+ up to 90 minutes overtime)

How to get the highest score?

Please do these things:

N
&

A+

>>

%

Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

: Use correct vector notation.
: Be (Dmneat, (II)clear and (III) well organized.
! TIDILY REDUCE and your answers (Don’t leave simplifyable algebraic expressions).

Make appropriate Mat lab code clear and correct.
You can use shortcut notation like “77 = 18” instead of, say, “T (7) = 18”.
Small syntax errors will have small penalties.

: Clearly define any needed dimensions (¢, #,d,...), coordinates (x,y,r,0...), variables (v, m,1,...),

base vectors (7, j, €,, &, §) ,f...)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 poorly 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: /25

Problem 5: /25

Problem 6: /25

B




4) Consider ideal massless pulleys and massless inextensible strings. Each pulley system as one and only one
mass m and one and only one force F. Points A, B, C and D can be any point on any string or at the center of a
pulley that you like. Show enough reasoning so it is clear that you could justify your result in detail if needed. You
can count the accelerations as being positive in any direction you like.

a) Read the cover page. Initial this statement. “I have read the cover page and I understand it.’ﬁ& f%

b) Design a pulley system so thatay = 2F/m.
¢) Design a pulley system so that ag = F/(4m).

d) Design a pulley system using 2 or fewer pulleys so that ac = 9F/m.

e) Design a pulley system using 6 or fewer pulleys so that ap = 1024 F/m.
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5) 2D. Two disks m and m collide with negligible friction. Their velocities before the collision are known, as is
the coefficient of restitution is e. The line of common tangency at the instant of collision makes a 30° angle with
the +x axis (that is, the x axis rotated 30° counter clockwise is the common tangent line). Assume consistent

units.

Complete the Matlab code at right to find the system kinetic energy after the collision.
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6) A car with mass m travels without tipping or turning on a straight path on a level road in the +x dlrectlogﬁ@—/;/ 3
is to the left and +z is up ). //2
* The back left wheel is missing so only three wheels touch the ground. ;} F ”’ﬁ? X
* The front left wheel A and back right wheel C both roll freely without slip.
* The front right wheel B is jammed and slides with friction u = 1. i

{ = the distance between the front and rear wheels,

w = the width of the car,

h = the height of G, the car’s center of mass (assume & < £/2),
d = £/2 the distance of G back from the front axle. ”‘

a) Draw a clear sketch. Draw a clear free body diagram.
b) Find any unknown force component. Answer in terms of any or all of m, g, £, w and K

A ¢) Find the car acceleration. Answer in terms of any orall of m, g, £, wand h.
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Your TA, Section # and Section time: Your name:

L -

Cornell :
TAM/ENGRD 2030 thf 3

Mo calculators, books or notes allowed.
3 Problems, %0 minutes (+ up to 90 minutes overtime)

How to get the highest score?

Please do these things:

A . , .
o Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

® : Use correct vector notation.
A+ Be (Dneat. (IDiclear and (1) well orzanized.
0 : Trioily RECUCE and your answers {(Don’t leave simplifiable algebraic expressions).

== Make appropriate Mat lab code clear and correct,
You can use shorteut notation like “T5 = 18" instead of, say, “T {7) = 185"
Small syntax errors will have small penalties.

1. ¢ Clearly define any nceded dimensions (£, &, d, ...), coordinates (x, v, r,§...), variables (v, m.f,...),
base vectors (7, j.é,,é,, A, #...) and signs (=) with sketches, equations or words,
-4 Justify your results so a grader can distinguish an informed answer from a guess.

3 @ If a problem seems oy diffined, clearly state any reasonable assumptions (that do not oversimplify the
problem).

= ; Worl 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),

[I] Extrasheets. 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 itin, and refer to back pages or extra sheets on the page of the relevant problem.
Problem 7: /25

Problem 8: /25

Problem 9: /25



7) A uniform stick (mass #, length £) is floating in space at rest. It is then hit with an impulsive force at B. Find
the distance d from G to B, so that point A has a velocity of v4 = = 0 immediately after the impulse.
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8) 2D. A uniform square plate of mass m and sides £ is suspended by a frictionless hinge at A and a string at C

from a flat horizontal ceiling. At ¢ = 0 the string BC is cut.

a) Calculate the moment of inertia 7 G of the block about its center of mass in terms of 7 and £.

b) Immediately after the string is cut, at £ = 0%, what is the acceleration of G, @g?
(Answer in terms of £, m, g, 1€ and the base vectors shown. Do not use your [ G from part a.)

¢) Immediately after the string is cut, at £ = 0%, the vertical reaction force at A, F_’;l - j = mg/2, or not?
Please give a clear reasoning for a yes or no answer without any long calculations. Full credit if there is

precise reasoning with no algebra.

A [

/24 (L] B
A g i \T*LL
Ji ; L ‘
[ .

.

¢ (G

’?) I@ :fr?::fm
Amz Polxdy, =
r 2w XZ? Z. b}' \{Af?ﬁr’ci

71 Iy
A

e

I@j& £5 )= 5 f/wiﬁy

%
e~ 2

Hx + Eo*xﬁ’\; y" «H/}f/

I@»-»/_i? Mé’z

e

&
b) FBD hetore

A
-2
Fax

&3

Fax=0 by stlig

«F—;,‘,A

f’:?; 3 2,4
/% 7] +fw’z Ly bi)% 2", ¢

-)-Tgf ne?)



10

AME,
2= L5 > ZM, = R Tk
o = 1_i_ 0

Poralle | Axi Tha
Ly =T, + mlind” = Ty + mlle)s04)) =1, 4 4 ""’“@

C::fmém:h) ol 2 =5 o = __-éz_.ég
yars

é

Ripd Jody 5

M A b(,x' AIG + &JX(L%}M ﬂiﬁ) ’!"Qg
"’“@ ot MStant fa,ot x_ bt = o xS fo;):
point A i hhge > &=d

0901(54‘&)(@]5—0 - C?G-“"‘Q\)‘f:;; @

“"lbzl{ - 7l
Bl & (ﬁgmiwu

AL A
erg o %'/j

e £fz N
Ao e’ (€ usedd e,}e& 2 G = “ﬂé"[“:fi’
YTgt2ms

C) Rﬂ'hz"““ the 'ﬁ@""f@f ot A‘, the aw;ulﬂf and liheor Gecelershion owct

-H{ -farrg a4 B Qi/ f‘k@"fﬂ- ;hyﬁ-n‘f"aweoe«ﬂy [y B o ZQ?“L

J'l“\? n’l(?"!j you Can ’791- Q'p-fw& E&; = gj —j E‘;’;C oo %

Medte matzally
L_ﬂﬁ : ZE‘: FM'? + 5),5‘ —mg) = ME’(_; (see FBD IQ‘F}‘?/" o previdus pase)

-4 2
A L
Zj. J - IL’A)/ = Mcfs J ""M; - ql&‘f?mg ) M} (I "/I&”\"?ﬂ?ﬁ-’z

'Ffﬂfﬂ‘? fg@(}‘"q; Ié': w
ay = (1 W 2/"“’7*(’ %+2)"‘7’“§“’”7’@ ")’f“{}




) 21D, A masslcss disk with radius r rolls without slip on the ceiling, held up by magnetic forees. On the
peripherv is avached a point mass m, Gravity £ acts. An equilitrium position is with 6 = 0 and the mass hanzing
¢ distance 2r from the ceiling,

a) Givenr, ? and g find @,
b) Find the period of small oscillation?
¢) Does the perod depend on enplitude? (genuinely hard guestion)
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Net ID (don’t include‘ @cornell.edu’)

—Print your netID on the top of every side of every sheet—

—Print clearly (for computer text recognition)—
\ Your name:

Cornell :
ME 2030 f;.r;?,l;f? !

No calculators, books or notes allowed.
3 Problems, 90 minutes (+ up to 90 minutes over time)

How to get the hlghest score?

Please do these things:

el

A+

® L

&

” Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

Use correct vector notation.
Be (D neat, (M)clear and (1) well organized.
TIDILY REDUCE and your answers (Don’t leave simplifyable algebraic expressions).

Make appropriate Mat lab code clear and correct.
You can use shortcut notation like “¢; = 27 instead of, say, “phi (7) = 2xpi;”.
Small syntax errors will have small penalties.

Clearly define any needed dimensions (¢,4,d, ...), coordinates (x,y,r,6...), variables (v,m,¢,...),
base vectors (7, , €,, é,, A,hi...)and signs (£) with sketches, equations or words.

Justify your results so a grader can distinguish an informed answer from a guess. If you quote a fact that a
grader might doubt your understaning of, explain it. Especially if it is not commonly used.

If a problem seems poorly digffmed, clearly state any reasonable assumptions (that do not oversimplify the
problem).

Work for partial credit (from 50% -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, label it clearly fold it in, and refer to back or extra pages, by label. (We have to find
the extra pages on a computer scan.)

Problem 1: 125
Problem 2: /25
Problem 3: 125
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1) Shaken spring and mass. 1D. There is gravity. The rest length of the spring £y # 0.

You are given the constants k, £y, c,m, g,8 and w # /k/m. All constants are positive (> 0).

More details. The mass is suspended by a spring and dashpot. Gravity pulls down. A machine, not shown, shakes
the support point by moving it sinusoidally up and down with amplitude § and frequency w. The the forcing

frequency @ is known to not happen to be /k/m.
a) Find the equations of motion. (That is, find one or more differential equations whose solutions would describe

motions of the system).
b) For the special case ¢ = 0, find any solution to the governing equations. You need not find the general
solution. Your solution, “x(¢) = ...", should be in terms of some or all of k, £y, c,m, g.8,w and ¢.
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Prelim 1, Q1: Some Reflection (Duan Li)

The statistics of the grades for Q1 are: Mean: 13.05, median: 11.0, standard deviation: 5.56.

Please refer to my grading rubric on Gradescope to find out where you got points off and to

decide whether you need regrading.

Below are a few common misperceptions | noticed and some advice to add onto Walker’s

and Ryan’s a retrospective.

1.

Pay attention to the coordinate system defined in the problem. You can define your
own if there isn’t one. In part a, the x axis is pointing downward, not upward, so
mx =mg—F_; —F if Fo e @nd Fy. @re defined to be pointing up in the FBD.

dashpot spring

Have a clear mind of which force is applied on which object. There are only two
components (the spring and the dashpot) connected directly to the mass, so there
are only two forces (spring force and damping), besides gravity, applied on the
mass. Some students had the driving force on the machine as part of their linear
momentum balance (LMB) equation. This is wrong in several ways: (a) The machine
drives the mass through the spring and the dashpot, so there is no direct force
between the machine and the mass. (b) The total force on the machine should be

is unknown.

m X', and m

machine machine

Spring and dashpot respond to the net effect caused by all components directly
connected to them. Here, both the mass and the machine are affecting the length of
the spring and the velocity of the dashpot. The spring should respond to the net
change in its length and the dashpot should respond to its net velocity.

Use physical intuition to check your result. At first glimpse of part b, you should
realize this is a purely oscillatory system with no damping so the final solution should
consists only of sin, cos and constants. Some students end up having a t, t2 or ¢'
term in their solution, which means the components are moving further away from

each other as time goes on and the system is breaking apart. If you get such a



solution, it’s very likely that something is wrong with either your initial EOM or your
way of solving the ODE. One case that could lead to a e' term is if you made the
mistake in #1, that is if you happen to set the x axis pointing up and get

mx —kx=something as your EoM instead of mx"+kx=something. Mistakes are often

correlated. If you identify one of them, you might to able to correct multiple of them.
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2) Mystery fluid. 1D. No gravity. A bullct is shot into a mystery fluid. The bullet has mass m and initial velocity
vo. In the experiment it is observed {bad the bullet approaches a total penetration distance A according to:

x()=A-B/t
where A and B are measured. This is a sirange mystery fluid with unknown properties, The goal is to use this data
to find drag as a function of velocity.
Fp = f(v). S"lar"*f ot f)O
Find f(v).
= F don ' wovry a‘obf
= a0
B/¢

Your formula for f(v) can have sowe ov allef the measure quantities m, vy, 4, and B.
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Prelim 1, Q2: A Retrospective (Walker Lee)

Hey all! | was responsible for grading problem 2 on the first prelim. The median score on the

problem was a flat 15/25 (exam grades should be posted within the next few days). A lot of

people made the same errors on this problem, so | thought it would be helpful to share a

few common mistakes made when solving it. If you got less than 20/25, it is HIGHLY likely

that one or more of the following went wrong:

1.

Read the problem statement! For this problem, the problem statement explicitly
stated that the system is in 1D and that there is no gravity. Despite this, | came
across several 2D and 3D free-body diagrams, and several people included gravity
on their FBDs or when writing out F=ma. Take a few seconds to carefully read the
problem statement before starting any question, especially on an exam, as it will
save you a huge headache later.

Draw your free-body diagrams! Speaking of FBDs, there were several students who
would have scored a perfect 25 on this question, but they lost 5 points for not
drawing an FBD. While this was physically painful for me to grade, the instructions
on the front of the exam were clear: if you ever use linear momentum balance
(F=ma) to solve a problem, you MUST draw a free-body diagram, even if there is
only 1 force on the body in question.

Function notation. The problem asked for a final answer in the form f(v). Whenever a
function is written in this notation, the output (in this case, the drag force) is a
function of only scalars (numbers such as 2 or «t), constants (parameters that don't
change, such as m), and the variables inside the parenthesis (in this case, v). Any
variables NOT inside the parenthesis (here, t and x) cannot appear in the final
answer, because the answer would no longer be f(v) - it would be f(v,t) or f(v,x)

instead.



4. Assumptions. This was probably the most common mistake: many students
assumed that f(v) would have the form —cv or —cv2. However, for this problem, that
is impossible - you already are given x(t)=A+B/t, and if you integrate a linear or
quadratic drag twice, you get x(t) ~ e or —In|t|, respectively, as you've seen on the
homework. Therefore, the drag in this problem cannot possibly be linear nor
quadratic. In general, making assumptions that are not given in the problem
statement is extremely dangerous, so if you do, always be prepared to back them
up.

5. Equation validity. Many students tried to use one or more of these equations without
realizing they wouldn't work:

e Some variation of v=Ax/t

e Some variation of a=Av/t

o Ax=vit+%at’

o viv, =2aAx

e JFdt=Ft

e W=Fd
These equations only hold when velocity (first row), acceleration (rows 2-4), and
force (rows 5-6) are constant, respectively. In this problem, none of these are
constant, so using these equations wouldn't help you. Before you use an equation,
make sure you understand what assumptions were made when it was derived so

you don't use it under invalid conditions.

6. Energy methods. Several students attempted to use energy methods to solve this
problem. While | applaud your creativity, any answer derived using energy methods
would have to contain v,, and v, was a trap: x(t)=A+B/t gives v(t)=B/t?, which in turn

means v, is undefined.
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3) Four masses in a line. Four equal masses m are in a line connected by 4 equal springs k, as shown. You can
assume that the springs are all relaxed when x; = x; = X3 = x4 = 0.

k
. Y.

4")« ﬂ"? ﬁ;’, A Xy

X
a) Find the matrices M and K so that M[%] + K[x] = [0], where[x] = ;;
X4

b) Assume these have been stored in p.M and p . K. Write a file, suitable for use with, say, your midpoint solver,
that has the differential equations in Matlab language. That is, fill in the middle lines of code (possibly more or
less than 3 lines) of this Matlab function:

function zdot = myrhs(t,z,p)

zdot = ...
end
¢) The matlab command [V,D] = eig(M" (-1) xK) gives two matrices. Using any reasoning, intuition or
guesses that you like, specify as much as you can about the entries in those matrices. That is, find as
many columns of V and associated diagonal elements of D? (For fairness to those who are now taking Math
2940, and to save you from time doing tedious algebra, do not find and solve a characteristic polynomial.)

If you find lots and lots of normal modes, be clear about which ones are independent and which are just
combinations of others.
Hints:

1) Check that one column of V is proportional to and has associated diagonal element of D of 0.

et ek et ek

2) This problem has lots of symmetry, hence at least some normal modes can be found by inspection;
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Prelim 1: Q3: Common Mistakes (Ryan Elandt)

Part A (8 Points): If you get 6 points it was likely because you wrote down the negative of
the stiffness matrix. For our problems it also needs to be symmetric due to Newton’s third
law. [In more general advanced vibration problems it is also symmetric, for other reasons.
Ask if you want to know.] With practice you should be able to find the components of the
stiffness matrix visually. At least for problems with masses in a line. Then you can check
your work by comparing with what visual inspection tells you the answer has to be.

Part B (9 Points): Students lost points in a wide variety of ways. Students lost three points
for each major mistake. Mistakes usually either: produce incorrect answers, produce right
answers for the wrong reasons or do something in a way that is excessively long. Some

common mistakes included:

e Not realizing that K and M are matrices
e Not realizing that z and zdd are column vectors
e Assigning into an unallocated array z(1:4) (this creates a column vector)

e The correct code needs a line that is equivalent to

“vdot = - inv(p.M) * p.K * x”.

That is, solving the equation Mx"=—Kx for x” gives x'=—M 'Kx.

Advice for the future: Although not required, using inv(M) to represent M! is a good way to
avoid mistakes. This way you do not have to remember which of “M \ K", “M / K”, “K\ M”, “K
/' M” and “K* (1 / M)” is right. Although | didn’t take off points you should not write “inv(M)”
as “M?-1” as it will not work in many languages, you should write "M?(-1)" although, as

mentioned, that’s not as good as inv(M) or pinv(M).



e Writing out matrix multiplication component by component (this is the point of linear

algebra, to not do this)

Part C (8 Points but 12 Points possible): The eigenvalues of this matrix are the frequencies
of the normal modes squared. A lot of students did not realize this. | did not take off points
for this. A lot of students thought that things like [1; -1; 0; 0] or [0; 1; -1; 0] were
eigenvectors, they are not. You can see that they are not two ways: 1) pre-multiply by
inv(M)*K and see that you don't get the same vector back; or 2) notice that there are forces
on the supposedly stationary masses, which is not consistent (that is, you assumed that

they don't move even though in your proposed solution there is a force on the masses).
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—Print your netID on the top of every side of every sheet—
—Print clearly (for computer text recognition)—

jon’t include‘ @cornell.edu’ ) 5 Your name:
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Prelim 2

March 19, 2019
3 Problems, 90 minutes (+ up to 90 minutes extra)

No calculators, books or notes allowed.

How to get the highest score?

Please do these things:
“e” Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.
®  Use correct vector notation.
A+ Be (Dneat, (Il)clear and (III) well organized.
O TIDILY REDUCE and your answers (Don’t leave simplifyable algebraic expressions).
>> Make appropriate Mat lab code clear and correct.

Q

You can use shortcut notation like “¢; = 27~ instead of, say, “phi (7) = 2xpi;”.

Small syntax errors will have small penalties. '

Clearly define any needed dimensions (¢,%,d,...), coordinates (x,y.r,0...), variables (v,m,z,...),
base vectors (Z, J, €,, é,, A, 7...)and signs (£) with sketches, equations or words.

Justify your results so a grader can distinguish an informed answer from a guess. If you quote a fact that a
grader might doubt your understaning of, explain it. Especially if it is not commonly used.

If a problem seems poonly digfmed, clearly state any reasonable assumptions (that do not oversimplify the
problem). If you are referred here during the exam it means that answering your question would be telling

you something you are being tested on.
Work for partial credit (from 50% —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 desi#ed answer (and explain the nature of the output).

Extra sheets. The last page is blank for you. Ask for more if you need it. Put your name on each sheet,
and fold it in. Refer to extra pages (We have to find them on a computer scan.)

Problem 1: /25
Problem 2: /25
Problem 3: ___ /25




Net ID: 2

1) Towed trailer. 2D. There is gravity. A rope pulls with force F on the top of a trailer with mass m, length 2¢,
and height h. The center of mass G is in the middle. There are good wheels under the center of mass at A and it

skids with coefficient of friction 4 at B. The car is already moving to the right when F is applied. Positive
acceleration a is to the right. Note whether applying /' > 0 speeds up or slows down the trailer compared to

F=0

a) Find the acceleration of the block. If relevant, assume that & < £/ h. Answer in terms of some or all of
Fym,h, £, gand u.

b) Challenges: Find the acceleration of the block, and/or explain what is funny or interesting for various larger
values of u, for example these three cases:

i) n =£/h; 2 - d /,\
i) 0/h < <20/ h; | - ¢ |
i) 20/h < s . T_ ,q_r_!u ME N

> F'(’{w N = é{/ﬂ — b2 ) g f’al“"] 4o vkt
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Prelim 2, Q1: Post-Mission Briefing #303

Hey alll | graded Q1 of prelim 2 (the towed trailer problem), and | have returned to explain how |

scored the problem and to share some common mistakes that students made while attempting it.
Scoring

Part (a) was scored out of 15 points and each part of (b) was worth 4, for a total of 27 points
possible if you did the entire problem perfectly. In general, people did very well on this problem;

the median was 19, and over 40% of the class got a 23 or higher.

| was incredibly generous with partial credit for (b). This was because if | weren't, and a mistake in
(@) meant an automatic 0 for part (b), then a small algebraic mistake or sign error in part (a) could
cost you up to 16 points, which is ridiculous. As a result, | awarded some credit for a reasonable
interpretation of your answers, even if your answer to part (a) was wrong. Even so, small mistakes
in part (a) were more punishing than usual, because you not only didn't get the acceleration

formula correct, but it was also impossible to get full marks for (b).

Common Mistakes

1. Angular Momentum Balance: the most common mistake, by far, was to set the sum of the
moments about a point equal to 0 when you shouldn't have. In 2D, the formula for AMB is
this: 3 M c =Tg/c X mag + I¢ak where G is the center of mass and C can be any
point of your choice. In this problem, « (angular acceleration) is 0, but you still have to deal
with the rest of the right hand side. If you choose C = G, or if you chose C to be another
point on the horizontal line containing G, then the right hand side simplifies to 0, but if you

chose C to be A or B, then it does not.

2. Cross Products: don't get lazy with your cross products! Many of you attempted to
"eyeball it" without writing out the unit vectors and got a sign error for your trouble.
Because of the sequential nature of this problem - you needed to do (a) perfectly to get full
credit on (b) - you paid a heavy price for your mistake, probably on the order of 5-7 points.

3. Counter-Clockwise is Positive: additionally, it is worth noting that 7 x _;r equals positive k;
therefore, in this problem, where positive i points to the right and positive j points up, a
positive moment (E) must be counter-clockwise, and a clockwise moment will be negative
(—k) . Some of you defined clockwise moments as positive and counter-clockwise as
negative. | didn't take any points off this time because the equations you wrote were
technically still correct (if you just flip the signs on every term, the equation doesn't change),
but in the future, especially in 3D problems, you might end up writing an equation that isn't

true if you make that kind of assumption.
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2) Pulleys. 1D. There is gravity. All parts have negligible mass and weight except m. Make the usual assumptions

about pulleys and ropes.

a) Find F for this system to be in static equilibrium? > { / =

b) For other values of F > 0, find ag.

FBDs
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Prelim 2 Q2: Summary #30s

The whole class did really well on question 2. Everybody drew their free body diagrams. One third
of the class got the problem fully correct. The mean is 20.49; the median is 23.0; the standard
deviation is 4.86. The grading rubric can be found on Gradescope. There are only a few things to

pay attention to:

1. Consistency of coordinate systems. Make sure your coordinate system is consistent
throughout the problem. A lot of students took pasitive  as pointing downward when they
wrote their string length equation, but flipped the & coordinate when they wrote their linear
momentum balance equation (LMB) and ended up with an inverted sign error. | deducted 2
points for each flip of the coordinate system. Remember: Z=4d,s0 your positive z,

positive &, and paositive a should all point in the same direction.

2. Motion of massless objects. Since the mass of the pulley is negligible, you can’t use linear
momentum balance (LMB, i.e. F = ma) on it. To treat this kind of problems, you need to
relate the motion of the massless object directly to the motion of a mass by considering the
linearity between them. In this problem, we get T4 = Z,, because pulley A is rigidly
connected to the mass and %E = —:%’m /2 by taking the second derivative of the constant

string length equation.



3) Three masses in space. 2D. Assume consistent units. The only concern is one instant in time.
- All three masses are mutually attracted to each other with inverse-square gravity G.
- A linear negligible-mass dashpot ¢ connects m, and m,.
- A given external force F}’“ acts on mass 3.
- There are no other forces,

- Short problem statement: Write matlab commands to find the acceleration @; of m;.

Givens. For the instant of interest, assume that these things have been defined (i.e., assigned numerical values):

o The system state, the positions and velocities of the three masses (each one is a 2-elementMATLAB
column vector): r1, r2,r3,vl, v2, & v3, relative to an inertial fixed origin;

¢ The three masses: m1, m2, & m3;

¢ Other parameters: The universal gravity constant G; the constant c of the one dashpot; and the
two-component applied force as a column vector F3_éxt.

Your solution can use any or all of these.

Full problem statement: Find the components of @, by filling in this MATLAB function:
function [al] = my_three_body(ml,m2,m3,rl,r2,r3,vl,v2,v3,F3_ext,G,c)
end
(Note: the accelerations @, and @5 are of no concern.)
Problem restatement. Given all of the parameters listed, write MATLAB commands to find the acceleration al of
mass 1. The last line of your code should start with:
al = ,
where al is a 2 element MATLAB column vector.

Clarifications:
* Write easy-to-understand short lines of code; don’t write long complex lines of code.
* Don’t make any explicit use of vector components; only partial credit if you refer to, say, r1 (1) or rl(i).
* Variables on the right side of = signs must be givens (above), or previously defined by you.
* Partial credit for missing, incomplete or incorrect code will be based on:
sketches, geometry, free body diagrams, math (e.g., eqns using @y, 73,...), efc.




function [al] = my_three_body(mi,m2,m3,r1,r2,r3,v1,v2,v3,F3_ext,G,c)

r_13
r_1z

r3 - rl; % position from 1 to 3
rz - rl; % position from 1 to 2

v_12 = v2 - vl; % velocity of 2 wrt 1

dist_13
dist 12

norm(r_13); % distance from 1 to 3
norm(r_12); % distance from 1 to 2

unit_r_12
unit_r_13

= r_12 / dist_12; % unit wvector pointing from 1 to 2
= r_13 / dist_13; % unit wvector pointing from 1 to 3

dot_dist_12 = dot(unit_r_12, v_12); % change in distance from 1 to 2

mag_f_grav_12 = m1 * m2 * G / (dist_12A2); % gravitational force magnitude between 1 and 2
mag_f_grav_13 = ml1 * m3 * G / (dist_13A2); % gravitational force magnitude between 1 and 3

mag_f_c_12 ¢ * dot_dist_12; % damping force magnitude between 1 and 2
f_grav_12 = mag_f_grav_12 * unit_r_12; % gravitational force vector between 1 and 2
f_grav_13 = mag_f_grav_13 * unit_r_13; % gravitational force vector between 1 and 3
f c 12 = mag_f_c_12 * unit_r_12; % damping force vector between 1 and 2

al = (1 / m1) * (f_grav_12 + f grav_13 + f c_12); % Newton's 2Znd Law
end
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I. FINAL THOUGHTS: PROBLEM 3

This problem was graded on a two-tiered grading system.
The first tier is for students who made small number of
mistakes in their code. The second tier is for students who
wrote problematic code or no code at all. In these cases, I
carefully looked at the free body diagram and equations of
motion to assess understanding on a case by case basis.

A. If you scored 16 or more points:

Most students lost 4 points for incorrectly calculating the
damping force. The damper opposes the change in length
between masses 1 and 2. As covered in lecture, there are
multiple ways of deriving this change in length. One way is:

P =7y rp (1
2l = 2ryy - 719 (2)
i — T12 T2 3)

l

The damping force magnitude is cl and the damping force
vector is cirlg.

About half of students lost 4 points for calculating unit
vectors incorrectly in MATLAB. The MATLAB command
norm does v/z -z or VzTx. In MATLAB one calculates a
unit vector by doing z/norm(z). This was the only common
MATLAB related issue.

B. If you scored 15 or fewer points:

If you got 15 points it means you got the equations right,
but paid a price for your principled stand against MATLAB.
If you got below 10-12 points your work likely indicated
that you are confused between scalars and vectors. For
the purposes of this class, being confused between scalars
and vectors in an emergency. If the words scalar/vector are
written on your test, or if you think this might be the case, I
implore you to come talk to Dr. Ruina, Ryan Elandt, Duan
Li or Walker Lee.
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—Print your netID on the top of every side of every sheet—
—Print clearly (for co puter text recognition)—
Your name:

April 16, 2019
3 Problems, 90 minutes (+ up to 90 minutes extra)

How to get the highest score?

Please do these things:

—
L ]

Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

Use correct vector notation.

A+ Be (I)neat, (W)clear and (II) well organized.

O

>>

Q

TIDILY REDUCE and | box in | your answers (Don’t leave simplifyable algebraic expressions).

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

Clearly define any needed dimensions (£, h,d,...), coordinates (x, y,r,@...), variables (v,m,t,...),

base vectors (i, j, é,, é,, Aq.. .) and signs (&) with sketches, equations or words.

Justify your results so a grader can distinguish an informed answer from a guess. If you quote a fact that a
grader might doubt your understaning of, explain it. Especially if it is not commonly used.

If a problem seems poorly dieffimed, clearly state any reasonable assumptions (that do not oversimplify the
problem). If you are referred here during the exam it means that answering your question would be telling
you something you are being tested on.

Work for partial credit (from 50% —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 you. Ask for more if you need it. Put your name on each sheet,
and fold it in. Refer to extra pages (We have to find them on a computer scan.)

Problem 7: 125
- Problem 8: 125
Problem9: /25



Prelim 3, Q1: Reflections #399

Hey guys,

Problem 1 has been graded. The mean is 12.57; the median is 11; the standard deviation is 5.57. It’s a really tough problem, so don’t lose your faith if you
didn't do well. :)

There are a couple things to pay attention to:

1.

I

il

Eal

Draw the free body diagram (FBD)! | can’t emphasize this enough, yet more than half of the class forgot to draw the FBD and lost 4 points. The
FBD for collision is easy - equal and opposite forces/impulses on two objects - but this doesn’t mean you can skip it. If you draw the FBD correctly,
you can see that there’s no force and thus no acceleration in the tangential direction (denoted by X inthe solutions), and you immediately get two
LMB equations 6; A= 6; .\ and T)E A= TJE - X. Remember: The first step to approach a dynamics/mechanics problem is always drawing the

FBD.

Linear momentum balance (LMB) equations for collision. According to my grading rubric, I'm expecting 3 scalar LMB equations and 1 restitution
equation, because you need 4 equations to solve for 4 unknowns - iz‘L s Tﬁa . 17}2, and 554 . If you choose to include the force F orthe impulse P
in your equations, then you need 5 equations because now you have 5 unknowns. The solution written by Prof. Ruina used 5 equations - 2 vector
LMB equations plus 1 restitution equation. Note that 1 vector equation counts as 2 scalar equations.

There are many ways to write the LMB equations:

(1) PA = mi ), — mi; (vector equation)

(2) —P7 = mv} — m¥, (vector equation)

() mv ) + miy; = mi, + miy (vector equation)

@7y - A= Ty X (scalar equation)

(6) v - A= Up - X (scalar equation)

Any good combination would work.

Notation of vectors. You need to have different notations for vectors and scalars. If x is a vector, you can either write it as Z or as x (less common).
For the LMB equation m% | + mu}; = m&, + mig.,

L I . o - _ + + _ -
you can also write it as 2 scalar equations: MU+ MU = Ty + Mg and muy ; +mug ;= muy, .+ mug ;.

You cannot write muz + mvg = muv, + muvg. | deducted 0.5 points for each LMB equation with wrong vector notations in “Point Adjustment”.
Restitution/collision equation. The restitution equation is a scalar equation and it only works in the normal direction (denoted by 7 in the solutions).
The equation is written as (1‘& - Bg) -f = —e. (¥, — Ug) - If you got the direction wrong (e.g. along 3 ) or wrote a vector equation, you wouldn’t
get any points.

Don't use conservation of energy when solving for velocities. Conservation of energy works well in 1D but its algebra in 2D gets so complicated

that it won't do you any good.
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1) Particle collisions. 2D. No gravity. Two equal particles A and B have mass m. Initially, v~ = vq) and
vy = 0. They have a frictionless collision with restitution e = 1.
a) Find the velocities of A and B after the collision. Answer in terms of some or all of m, vo, 1, J,and 6.

b) Energy loss. What is the total energy of the system of two particles after the collision (small partial credit for
an incorrect answer based on correct algebra using incorrect answers to the question above).

c) Challenge. Assume a chain of 100 collisions in sequence, involving 101 balls. Each collision has angle
= x/100, always deflected to the left. The balls are arranged in a semi-circle. Each collision is frictionless
W1th e, = 1. All balls are initially stationary except the first which has ¥,~ = v,#. Estimate (using small angle
approximations, etc.) the velocity of the last ball. A numerical answer is desired (like, e.g., —voi/2 or

—voe i, etc.).
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Prelim 3, Q2: An Autopsy #395

Hey all - problem 2 of the 3rd prelim has been graded. In general, the class struggled with the problem; the median score was 12/25, with only 13% of
students scoring above a 20 and no students answering the challenges (d, e, and f) correctly. Here are a few common mistakes that were made by

students attempting to solve this problem:

1. Acceleration. A lot of people tried to solve part (a) as a statics problem, setting the sum of the forces equal to 0. However, just because an object
isn't moving doesn't mean it has no acceleration. Think back to high school physics: if | hold an apple in my hand and then drop it, at the moment of
release, it isn't moving, but it is still accelerating at a rate of 9.8 m/s~2 toward the ground. When you're debating whether to set acceleration equal
to 0, consider not only the velocity right now, but also what the velocity will be in a few moments (both speed and direction). Does the velocity
change? If the two velocities aren't exactly the same, the object must have some kind of acceleration.

N

Angular Momentum Balance. Regarding this equation: on the exam, lots of people were sloppy and didn't write the arrows over the vectors or the
subscripts underneath them. Some people wrote the equation wrong, such as writing 6 instead of 4. My advice would be this: memorize this
equation, and every time you use AMB, write it down exactly as I'm writing it here: M’\,C =Tg/o X mig + 19§k . Even if you're taking AMB
about the center of mass, or if ¢, is 0, or if fis 0, or if there are no external moments, write the whole thing out anyway. Then, write out all
the forces and the position vectors individually, before you resove the cross products. Some people skipped these steps, but their results were

wrong, and then it wasn't clear if they actually understood AMB or not. Just write the equation out - it's worth your time, trust me.

3. Reaction forces. This was probably the trickiest part of the question: the point mass on a stick has a reaction force only in the €, direction,
whereas the hoop does not. How do we know this? To understand this conceptually, first draw an FBD for the point mass: gravity pointing down,
and some constraint force in the ¢, direction that keeps the mass from flying off the end of the stick. Now draw an FBD for the stick, starting with
the same constraint force that keeps the mass in place. Now, since the stick has no mass, it cannot sustain a force; therefore, it must exert an equal
and oppoisite force at the other end so that the forces on the stick sum to 0. If the hoop were swinging from a stick, its reaction force would have
the same constraint. However, in this case, the hoop is directly attached to the joint, so the reaction force can point any way it wants to. In this
sense, the point mass is the exception to the rule - any shape hanging directly from the joint can have a reaction force component in the é,
direction, but the point mass at the end of the rod cannot. Another way of thinking about this concept is that any reaction force in the ¢, direction
will cause the body to rotate about its center of mass; however, a point mass has no moment of inertia about its center of mass, so that system
cannot sustain a force in the é,4 direction.

4. Equivalent systems. As mentioned above, nobody answered parts (d), (e), or (f) correctly. Here are the logical steps you need to take to arrive at the
correct answer:

The equation for 6(t) is derived from the equation for @, which was derived from AMB about O. Therefore, AMB about O for this new shape must

also produce # = — 4 sin(f).

Plugging this value for # back into AMB about O quickly shows that the new system must have the same m, 7 , and I€ as the original system, or

else equivalence is impossible. Therefore, our new shape has mass m, COM located at a distance L/2 from O, and J¢ = _llmLQ.

Since m and L are already fixed, no uniform shape (a rod, a square, a circle, etc.) will work - those shapes have their own moments of inertia, and

none of them are equal to that of a hoop. Therefore, we need to come up with a distribution of point masses that satisfies all of our requirements.

The formula for moment of inertia is the integral of 72 dm. Since we are dealing with point masses, we can pull the »2 out of the integral. Integrating
dm just produces m, so to get I° = imLz, we need % = éLz. This yields r = L/2; therefore, all of the point masses must be located a distance L/2
from the center of mass.

In summary: our new shape is a distribution of n point masses with total mass m, arranged symmetrically about the center of mass with each one a
distance L/2 away from the center, and placed with the COM a distance L/2 from point O. Note that this works for any n > 1, so we have an infinite
number of possible solutions.

This was a difficult problem, so feel free to come to office hours if you have any questions!
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2) Pendula. 2D. There is gravity g. Consider two pendula: a point mass on a massless stick of length L; and a
uniform hoop with diameter L. They are both released from rest at angle 9, at # = 0

a) Immediately after release find the reaction force (a vector) for both systems (the force on the system at 0).
b) Draw the forces carefully so their directions are clear (e.g., are they parallel to Tgo or i or j or not).
¢) Assuming validity of small-angle approximations, find 8(¢) for either system (your choice).

d) Challenge: precisely describe the mass distribution of another shape (other than a hoop or point mass) which
has the same period of small oscillation as the point mass pendulum (how much mass distributed in what
places at what distances). For example, if you said “a uniform square” you would also have to give it’s total
mass, its size and where the hinge should be placed).

€) Challenge (1 pt) find (and explain) a different answer to the question above.

f) Challenge (1 pt) precisely describe (and explain) an infinite number of such mass distributions (e.g., “uniform
ellipses hung from a focus point so long as the major and minor axis a and b obeyed L = +/2a5”).

- _‘A
sy =o

_@ ,r ;f ‘,lan
o6




P"P\ m(lj

2 ) (nt Y

-

p—

Ans; 3 -myLsihe=mlL &

o {é'f-’;?s;he f

7 9(0) 9y '@)’ 60

6(01(/” ¢l

7¢ A
?‘h’”ﬁ/'\ =m @24'. Ce

{..mc:‘f“ hél ' é‘r ol(l-.
?,é‘vg“m 9058
AN L -9 .
S A "e 4+ L_n’ — LhE
15:’69"’ Myl Cg o -
~5In€ '
= mysihe - m g sin6/2
' /2
=mj St R
— S8, e,)

_F): ~n 0}6 e‘,

}
d,e,f) jee Cth . —* (/_g’g Shapcj @/ ('E/a I_____,L/L

2w ol st at L/ - SP«M

;1 hot¢
muf/eriftue}o p S'aec;a\ ose A

=) ~ megses: The ,{l)qot
% = 'ﬂemle/um

F+




Prelim 3 Q3 Reflections #398
This question had the following issues:
1.4 and j were switched in the picture
2. the problem failed to explicitly (and arguably implicitly) mention that the initial angular velocity was 0

3. the problem failed to articulate exactly what in the +i direction meant in part C. Students used all three interpretations: v -i = 1,0 <wv-i,v-j =10

; two of which are strained.

To complicate things further, some students flipped j in part B when they flipped i and j in the picture some didn't. Similarly, some students flipped i in

part C when they flipped i and j in the picture some didn't.
It follows that: issue 1 has 2 interpretations, issue 2 has 2, issue 3 has 3, part B has 2, and part A has 2. This gives a total of 48 possible questions.

Given the 48 total tests, the grader partially determined grades by assessing overall the students understanding. This holistic assessment was done in the

context of the difficulty of the test you chose.
Part A (15 points):

Students got 3 points for writing AMB, 3 points for for writing LMB, 3 points for deriving or memorizing Iz and 3 points for writing down

Uy = Yy + W X 1, Students earned the final 3 points by getting the correct answer (within your axis of choice, of course).

Part B and C (5 points each):

These parts were graded simultaneously in the context of your axis of choice and interpretation of what you think direction means. If you flipped i in B you
had to flip j in C. If you flipped in B and not in C this is called flip flopping; and lost points accordingly possibly with the words “lacks internal consistency”

on it.
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3) Force on a disk 2D. No gravity. A constant vertical force F is suddenly applied.

- There are no other forces, bearings, hinges etc.
- The only concern is one instant in time, immediately after force application, = E‘Ej [
- The disk is uniform with radius R and mass m. 2
T
= mR /z_

- Clearly define any other variables you need.

a) Find the acceleration of point A.
b) Find any point B on the disk whose acceleration is in the j direction (i.e., , has @g - i = 0) and find its

acceleration, or prove that no such point exists.
¢) Find all points C on the disk (or on a rigid massless extension of the disk that is welded to the disk) that have
acceleration in the +{ direction, or prove that no such point exists. (What’s a rigid massless extension? Points
in space that move rigidly with the disk but that don’t have mass. Imagine a large sheet of negligible-mass
styrofoam glued to the disk. e.g., the center of mass of the letter C is on a rigid massless extension of the letter

C).
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