EM311M - Dynamics
Exam 1
Monday, Feb 13, 2006

1. A particle is moving in a straight line with a an acceleration a(t) = a(t — to), where a
is a positive constant and ¢, > 0 is a specified instant. At the time to, the corresponding
position and velocity are zy and vy, respectively. Derive the formulas for position z(t) and

velocity v(t) at any time ¢ (5 points)
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2. At point r = 1m, 6 = «/6, the polar components of a velocity vector for a particle are
v, = 0,09 = b( Calculate the Cartesian components of the velocity vector. (5 points)



3. Can a particle moving on a curvilinear path have a zero acceleration (vector)? Explain.

(5 points)
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4. Derive the formulas for acceleration vector components a, and ag in the polar system of

coordinates (5 points) Y
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5. A particle moves along a parabola y = z? with a constant speed v. Determine the
Cartesian components of the velocity vector as a function of coordinate z. (5 points)
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6. A projectile is launched at 10 m/s from a sloping surface. The angle oo = 80°. Determine

the range R. (25 points)
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7. The car increases its speed at a constant rate from 40 mi/h at A to 60 mi/h at B.
Determine the magnitude of its acceleration when it has traveled along the road a distance
(a) 120 ft from A, and (b) 160 ft from A. (25 points)
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8. The hydraulic actuator moves the pin P upward with constant velocity v = 25 (m/s).
Determine the acceleleration of the pin in terms of polar coordinates and the angular accel-

eration 6 of the slotted bar when 8 = 35°. (25 points)
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EM311M - Dynamics
Exam 2
Monday, Oct 30, 2000

1. Derive the equation of motion for the center of mass of an arbitrary system of particles.
(5 points)
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~ 3. If string A is cut, does the tension in string B remain the same as in the stationary case?
Explain. (5 points)
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4. What does it mean that a force field F' is conservative? Give example of a conservative
force field and the corresponding potential energy. (5 points)
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5. Derive the principle of angular momentum for a single particle. (5 points)
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6. A 2-kg mass rests on a flat horizontal bar. The bar begins rotating in the vertical plane

about O with a constant angular acceleration of 1 rad/s*>. The mass is observed to slip
relative to the bar when the bar is 30° above the horizontal. What is the static coefficient

of friction between the mass and the bar? Does the mass slip toward or away from O7 (25

points)
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7. A 2-kg disk slides on a smooth horizontal table and is connected to an elastic cord whose
tension is T = 6r N, where r is the radial position of the disk in meters. The disk is at
r = 1 m when it is given an initial velocity of 4 m/s in the transverse direction. What is the

maximum value of 7 reached by the disk? (25 points)
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8. Bar ADB rotates at 4 rad/s in the counterclockwise direction. Determine the velocity of

point C'. (25 points)
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EM311M - Dynamics
Exam 3
Monday, Dec 1, 2003

1. Use integration to compute the product of inertia I, for a triangle below. (5 points)
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2. System of coordinates Oaxyz is rotating with respect to a fixed system of coordinates
OXY Z around the Z = > axis with a constant angular velocity w. Particle P is moving
with a constant velocity vector v = (vy,0,0) in the fixed system of coordinates. Compute
the Coriolis acceleration of the particle in frame Qxyz, at the instant when the two systems

coincide with each other. (5 points)
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3. Derive the principle of angular impulse and momentum for an arbitrary system of parti-

cles. (5 points)
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4. Analyze the two scenarios depicted below. In which case do you expect a smaller
acceleration of the system ? Explain, why. (5 points)
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5. Derive the formula for the kinetic energy of a rigid body undergoing an arbitrary planar
(6, 0,0 )

motion. (5 points)
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6. The 2-kg slender bar and K-kg block are released from rest in the position shown. If
friction is negligible, what is the block’s acceleration at that instant? (25 points)

(9

) o
a :04; AL ¥AC "-—‘&J,'(‘S/C
s L -~ ~— P

« (0,0, )

AC(pzfz o410 0)

—

(=041, 0.297,,(

. (’ﬂ_— 0.4 o .‘,-0,2,?7.3 ) c:?) @

\ -
d/ /{\/",”g{.( b (;- Cgtn g“-‘,-'y’v,_r.-’_,_“.r

I
(a0 0)F
\ o

| .l,fr?'/'\
|
H ¥ e i e B
T J,V j
"I\
(N
— Par : 2 'f/ifj =

Eh g 25 ; "29-"‘
62 0,287 + 2 (-0.287% ) .28/ @
+2(a-0491x) 0.4/ ~ 0./6E7A = o

::_> 0.87,a =- 53]+ 0./65c¢ + 0336 +0./67

(1)

72 a y ﬂ; “ ['_'j" ~ il
= < (a- O.ﬁ‘/,--j-—é"w -
i B g0k S B BT (2 ]
P
Swbshtehvur oo (1) ‘:;,,«" e = — B85 F 665 A
N, )

« = 2094 [=l7

= B h 157 ) ‘J @



: [ 4,4 _ o B B
I( = ET —~ / — O,//g/ g_f.f(_(;? i j

7. The slender bar is released from rest with § = 45° and falls a distance h = 1m onto
the smooth floor. The length of the bar is 1 m and its mass is 2 kg. If the coefficient of
restitution of the impact is e = 0.4, what is the angular velocity of the bar just after it hits

the floor? (25 points)
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8. The bar shown below is stationary relative to an inertial reference frame when the force
F = 12k (N) is applied at the right end of the bar. No other forces or couples act on the
bar. Determine the bar’s angular acceleration relative to the inertial reference frame. (25
points)
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EM311M - Dynamics
Final Exam
CPE 2.214, 7-10pm, Saturday, Dec 11, 2004

1. At the instant shown, the coordinates of the slider A are x = 1.5,y = 1.0 ft, and
its velocity represented in Cartesian coordinates is v = (0,5) ft/s. Determine the slider’s
velocity components in polar coordinates. (5 points)
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2. Particles A and B are connected with a rigid link. Explain why the work of reactive
forces representing the interaction between the particles is zero. (5 points)
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3. Is the drag force F' = (—cv?,0,0), (¢ > 0) conservative? Explain. (5 points)
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4. The bar is smooth. Determine the minimum velocity the 10-kg slider must have at A to
reach point D. (5 points)
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5. Compute transformation matrix from system Ozyz to system 0z'y’z’. (5 points)
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6. Objects A and B have masses m4 and mp and velocities v%/°¢, v%/°¢ Show that, if
coefficient of restitution e = 1, the total kinetic energy is conserved during the impact. (5
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7. Determine the instantenous center (IC) of zero velocity for member BC. (5 points)
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8. Compute the product of inertia I, for a quadrant of a homogeneous circle with radius

R and mass m. (5 points)
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10. A slender bar with mass m and length [ is rotating about its endpoint A with constant
angular velocity w = (0,0, w). Compute the angular velocity of the bar with respect to point
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B (half way between point A and center of mass C). (5 points)
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11. The 2-kg mass m is released from rest with the string horizontal. The length of the
string is L = 0.5 m. Determine the velocity of the mass and the tension in the spring when

0 = 45°. (25 points)
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12. The 10-kg slender bar is released from rest in the horizontal position. When it has fallen
to the position shown, what are the x and y components of force exerted on the bar by the
pin support A ? (25 points)
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13. The 1-kg sphere A is moving at 10 m/s when it strikes the end of the 3-kg stationary
slender bar B. If the sphere adheres to the bar, what is the bar’s angular velocity after the
impact ? (25 points)
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14. A slender bar of mass m is released from rest in the position shown. The static and
kinetic coefficients of friction at the floor and wall have the same value u. If the bar slips,
what is its angular acceleration at the instant of release? (25 points)
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15. The dimensions of the 6-kg plate are b = 0.9m and A = 0.6m. The plane is supported
with a ball-and-socket support at O. If the plate is held in the horizontal position and then
released from rest, what are the components of its angular acceleration at that instant ? (25
points)
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16. The homogeneous disk weighs 80 Ib and its radius is R = 1 ft. It rolls on the plane
surface. The spring constant is £ = 100 lb/ft and the damping constant is ¢ = 3 lb-s/ft.
Determine the frequency of small vibrations of the disk relative to its equilibrium position.

(25 points)

L]

imK)C

~ = My =9

mi g (—EmRR ) R kK = O

2m X +t C X + EAx = O

<,
[ 2] —
x + 28 K 4 2L =0 @
At 2 m
e 3 A6 L7
re e 2y - owas [FE e 1]
3 %2.2 f F
.
2 K ZL N ~

N

i

g

‘(“
~
| o
| &

(\‘

al!



17. (bonus) A satellite can be modeled as an 1000-kg cylinder 4m in length and 2m in
diameter. If the nutation angle is # = 20°, and the spin rate ¢ is one revolution per second,
what is the satellite’s precession rate 1) in revolutions per second? (25 points)
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