ME 240 / EMA 202, Fall 2016 Name:
Midterm #1, closed book/notes, 90 min.

Instructions

*  Show all of your work.

* To maximize opportunities for partial credit, solve problems symbolically to the extent possible and
substitute numerical values at the end.

* Include free body diagrams for all equilibrium equations.

* The only notes allowed are the equations provided with this exam.

* The use of cell phones is prohibited.

* The instructors and the University of Wisconsin expect the highest standards of honesty and integrity
in the academic performance of its students. It is important that the work submitted on this
examination is yours and yours alone.

* Receiving or giving aid in an examination or using notes on a closed note exam will be considered
cheating and will result in a grade of F and the case being reported to the Dean of Students Office.

Circle Your Discussion Section:

EMA 202 Time TA
301 8:50 Peter Grimmer
302 9:55 Aswin Rajendram Muthukumar
303 11:00 Aswin Rajendram Muthukumar
304 12:05 Zz Riford
305 1:20 Peter Grimmer
306 2:25 Peter Grimmer
307 12:05 Aaron Wright
ME 240
301 8:50 Jenna Lynne
302 9:55 Jenna Lynne
303 11:00 Chembian Parthiban
304 12:05 Chembian Parthiban
305 1:20 Aaron Wright
306 2:25 Zz Riford
Grading:
Q1 /10
Q2 /30
Q3 /30
Q4 /30
Total /100
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Question 1 (10 points)
For the following short answer problems, please include any relevant calculations and/or a brief
explanation for your answer.

1A (5 points)

A block is traveling with a speed v, on a smooth surface
when the surface suddenly becomes rough with a e p—d—
coefficient of friction of p causing the block to stop after a r

distance d. If the block were traveling twice as fast ( 2v, ), __]

how far will it travel on the rough surface before stopping? /

"'\."IiH'\llll rumagln

1B (S points) "

Marble A is placed in a hollow tube that is pinned at point e
B. The tube is swung in a horizontal plane causing the — TN
marble to be thrown from the end of the tube. As viewed
from the top, circle the trajectory 1-5 that best describes
the path of the marble after leaving the tube? . |
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Question 2 (30 points)

The block has a mass M = 0.8kg and moves within
the smooth vertical slot. It starts from rest when the
attached spring is in the un-stretched position at A.

Determine the constant vertical force F which must
be applied to the cord so that the block attains a
speed Vg = 2.5 m/s when it reaches Sg = 0.15m.
Note that the spring is still attached to the block at
position B.

Given:
M=08kg 1=04m Vs =2.5m/s
b=03m Ss=0.15m k=100N/m
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Question 3 (30 points)

The train in the figure is supported by magnetic repulsion
forces exerted in the direction perpendicular to the track.
Motion of the train in the transverse direction is prevented
by lateral supports. The 20,000-kg train is traveling at 30
m/s on a curved segment of track described by the equation
y=.0033x* where x and y are in meters. The bank angle of the
track is 40° when x=0. When the train is at this point in the
curve:

a) Draw the forces acting on the train in the outline below.

¢) What force must the magnetic levitation system exert to
support the train and what force is exerted by the lateral
supports?

b) For what speed would the lateral force at this point of
the curve be zero? (This is the optimum speed for the train
to travel on the banked track. If you were a passenger, you
would not need to exert any lateral force to remain in
place in your seat.)
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Question 4 (30 points)

Steve

me=100kg fl

10m

Ice Block
m=2000kg

0 =30°

d=7

For an amazing stunt, Steve runs off a 10m tall ramp with a 30° incline at a speed of 10m/s. He
hopes to jump over a pit and impact a block of ice at a height of 2m.

A) At what distance, d, should the ice block be placed from the end of the ramp?

B) Assume that the 2000 kg ice block slides without friction on the ground. Given the coefficient
of restitution between Steve and the ice block is 0.2, at what angle ¢ will Steve bounce off of
the wall?

C) Given that the impact between Steve and the ice block takes 0.25 seconds. What is the average
force felt by Steve during the impact?
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Geometry:
A B C

sina sinb sinc
C?> =A*> +B?* -2ABcosc

cos’@ + sin‘@=1

Particle Rectilinear Motion:
_dv _ ds

a=— V=—
dt dt

Name:

ads = vdv

For the special case of constant acceleration (a.), and assuming initial conditions are

specified at t = 0:

1
v(t)=v,+at s(t)=s, +vot+5act2 v:i=v2+2a,(s—s,)

Particle Curvilinear Motion:
Cartesian Results: v = xi + yj+ 2k

Normal/Tangential Results:

a=Xi+yj+zk

V=i,
e ) _ [+ (dy/dx)’T™"”
a=vu —u -
e where |d?y/dx’ |
Polar Results:
v=ra, +réi,
a=(-rf’)a, +(ré+2i0)a,
Spherical Results:

v=ri, + r¢3ﬁ¢ +r@sing,
a=(i—r¢’ —r@’sin’p) b, + (r¢ + 2ip — r6” singcosg) i,

+ (r@sing + 2/-0sin ¢ + 2rpdcos )i,

General Time Derivatives of a Vector:

u() =0, xa

A=Al +@, XA

A()= Al , +20 , X Al +® , XA +& , X (B, XA)

2 .
Principle of Work and Energy: XU1—2=T> - Ti where Ui—2= _[1 F-dr

Conservation of Energy (assumes only conservative forces): 71+ Vi =T + V>

and T = lmv2
2

(For rigid bodies, these results are unchanged except for the fact that 7" = 1 mvg + 1 1.0%)
2 2
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V is potential energy and takes different forms depending on the source. For terrestrial gravity,

V =mgy, (mgyc for a rigid body) while for a linear elastic spring, V = %k(? 2

Power: P=F -v

Efficiency: € = M
power input
— - 2 .
Linear Impulse and Momentum: Z IL,=p,—p, where I_,= L Fdt and p=mv

(For rigid bodies, the linear impulse and momentum expressions are identical but with v=v)

.. L %
Coefficient of restitution: e =

Principle of Angular Impulse and Momentum: ZTM _,=H,, —-H,, where

- 2 - _.
| P :L M,dt and H=7rxmv

(For rigid bodies, this principle holds as long as O is either the center of gravity G or a point of
fixed rotation. If the center of gravity, Hc = Icw; if a fixed axis, Ho = lo®.)

Relative General Plane Motion:

Translating Axes: V=V, +V,,, =V, +0OXT,,,

—% 48 =& +axF 25
Ap =a, +a,, =a, +0XT,, —OTy,
Rotating Axes: Vi =Va+ (V) +QXF,,

53 = ﬁA + (ﬁB/A)xy +QX?B/A +QX(QXfB/A)+ 2QX(VB/A)xy

Equations of Motion: ZFX =m(a;), ; ZF), =m(a;),
or ZF, =m(a;), ;ZFn =m(a;),

ZMG =Il,o0  or ZMO =Il,a or  ..if youmust...
ZMP =—-ym(a;), +xm(ag), + 1,
Mass Moment of Inertia: Definition, and in terms of radius of gyration, k: [ = I rrdm=k*m

Parallel axis theorem: I =1, + md’



