EM311M - Dynamics
Exam 1
Wednesday, Sep 23, 2009, BEL 328, 6:00-8:00 pm
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1. A particle is moving in a straight line with a an acceleration a(t) = c(t — 2)?, where c is a
positive constant. At the time ¢y = 2, the corresponding position and velocity are x¢ and vy,
respectively. Derive the formulas for position z(t) and velocity »(t) at any time t (5 points)
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2. At point r = 2m, 6§ = 30°, the cylindrical components of the acceleration vector of a

particle at the point are a, = 2,ap = —1 [m/s?]. Calculate the Cartesian components a,, a,
of the acceleration vector. (5 points)
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3. Derive the Frenét formulas for the velocity and acceleration vectors. (5 points)
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4. Derive the formulas for acceleration vector components a,, ag, @ in the cylindrical system
of coordinates (5 points)

z K

~ &
14 _ ' d s de,_ © 4
Y- Lo ferrfrs rie, &
o bl > “21
_.,.,C,g/" *'J:.Q Lo 7'1_51?-2— —&~
VT’ ‘/9 f 'é te o

N ~
' ar a @

&r = (mé‘/ St 6‘/ O) & Z
der ' = € |
.:0465" = (——8’1L¢ 9/ 5039‘/ O ) ~ & @
dE - '
—=c i —5tee 8, 0 ) = -—e
olo- = ( > 9, “ = ) ~ 7

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 . (5 points)
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6. 1If the pitching wedge the golfer is using gives the ball an initial angle 8, = 50°, what
range of velocities vp will cause the ball to land within 3 ft of the hole (Assume that the hole

lies in the plane of the ball’s trajectory.) (25 points)
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7. The collar A slides on the circular bar. The radial position of A (in meters) is given
as a function of § by » = 2cos#. At the instant shown, § = 25°,¢ = 4[rad/s] and § = 0.
Determine the velocity and acceleration of A in terms of polar coordinates. (25 points)
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8. 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
120 ft from A (1 mi = 5280 ft). (25 points)
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