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\\ ME 204 - DYNAMICS - SPRING 2013
HOMEWORK 1 SOLUTIONS

) KINEMATICS OF PARTICLES
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I PROBLEM 2/39

The body falling with speed v, strikes and maintains

contact with the platform supported by a nest of

ﬂ% springs. The acceleration of the body after impact is |
I a = g — cy, where ¢ is a positive constant and y is ]
I measured from the original platform position. If the |
I maximum compression of the springs is observed to J
| be y,., determine the constant ¢. J
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* | PROBLEM 2/53

On its takeoff roll, the airplane starts from rest and
accelerates according to @ = a, — kv?, where a, is the
constant acceleration resulting from the engine
thrust and —&v? is the acceleration due to aerody-
namic drag. If ¢y = 2 m/s® k = 0.00004 m ™', and v is
in meters per second, determine the design length of
runway required for the airplane to reach the take-
off speed of 250 km/h if the drag term is (a) excluded
and (b) included.
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I If the tennis player serves the ball horizontally (¢ = i
ﬂ?’ PROBLEM 2/77 0), calculate ita velocity v if the center of the bhall T‘
| clears the 36-in. net by 6 in. Also find the distance s I
)\ from the net to the point where the ball hits the H
| court surface. Neglect air resistance and the effect of ]
) ball spin. ;
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| PROBLEM 2/93

A projectile is ejected into an experimental Auid at
time ¢ = 0. The initial speed is 1, and the angle to
the horizontal is #. The drag on the projectile results
in an acceleration term Ay = —kV, where k i8 a con-
stant and v is the veloeity of the praojectile. Deter-
mine the ¥- and y-components of both the velocity
and displacement as functions of time. What is the
terminal velocity? Include the effects of gravitational

ﬂ- acceleration.
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| PROBLEM 2/121

At a certain point in the reentry of the space
shuttle into the earth’s atmosphere, the total ac-
celeration of the shuttle may be represented by
two components. One component is the gravita-
tional acceleration g = 9.66 m/s* at this altitude.
The second component equals 12.90 m/s® due to
atmospheric resistance and is directed opposite to
the velocity. The shuttle is at an altitude of 48.2
km and has reduced its orbital velocity of 28 300
km/h to 15 450 km/h in the direction # = 1.50°,
For this instant, calculate the radius of curvature
p of the path and the rate i at which the speed is
changing.

12.90 m|s™

9= 9.66 m[s?

f o U=ay = ek sin L50°= 12,30 T - 12,65 m)s?

9.6t Cos 1.5 °
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an 1.657

1907 km

9.657 wm|s*
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PROBLEM 2/128

In a handling test. a car is driven through the
glalom course shown. It is assumed that the car
path is sinusoidal and that the maximum lateral
acceleration is 0.7g. If the testers wish to design
a slalom through which the maximum speed is
80 km/h, what cone spacing L should be used?
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\‘ PROBLEM 2/164 the ball is thrown with an initial speed of 30m/s *
\\ at an angle of 30° to the horizontal. Determine the H
\\ quantities , #, ¥, 0, #, and ¢, all relative to the x-y H
\\ coordinate system shown, at time ¢ = 0.5 sec. H
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‘ PROBLEM 2/174 The rou.mng nozzle sprays a large crra.xlar area nnfi
L, turns with the constant angular rate ¢ = K. Parti-
LL cles of water move along the tube at the constant
LL rate ! = c relative to the tube. Write expressions
LL for the magnitudes of the velocity and acceleration
LL of a water particle P for a given position [ in the ro-
LL tating tube.
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The base structure of the firetruck ladder rotates

:-'- PROBLEM 2/177 about a vertical axis through O with a constant
ﬂ'- angular velocity 2 = 10 deg/s. At the same time,
H‘- the ladder unit OB elevates at a constant rate ¢ =
H‘- 7 deg/s, and section AB of the ladder extends from
-"- within section OA at the constant rate of 0.5 m/s.
:-'- At the instant under consideration, ¢ = 30°, OA =
ﬂ'- 9 m, and AB = 6 m. Determine the magnitudes of
ﬂ'- the velocity and acceleration of the end B of the
H‘- ladder.
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A drop of water falls with no initial speed from

PROBLEM 2/192 point A of a highway overpass. After dropping 6 m,

it strikes the windshield at point B of a car which is
traveling at a speed of 100 km/h on the horizontal
road. If the windshield is inclined 50° from the ver-
tical as shown, determine the angle ¢ relative to the
normal n to the windshield at which the water drop
strikes.

A )

Drop: Up=yZgh = \/2(9.21)(4,) = 10.35 ms
Car: .= I00/3_,,= 27.8 mjs :3

|
Upfe ™ Vp=Ve = ~10.85] =278 mls  ——%
st iy

,’ = 91,39
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surface
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| PROBLEM 2/196 Airplane A is flying horizontally with a constant
\‘ speed of 200 km/h and is towing the glider B, which
:es is gaining altitude. If the tow cable has a length r =
\‘ 60 m and ¢ is increasing at the constant rate of 5
\‘ degrees per second, determine the magnitudes of
i the velocity v and acceleration a of the glider for
\\ the instant when 0 = 15°.
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I PROBLEM 2/216 Neglect the diameters of the small pullevs and es- H
I tablish the relationship between the veloeity of A ]
I and the velocity of B for a given value of v, ]
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[ PROBLEM 2/220

The power winches on the industrial scaffold en-
able it to be raised or lowered. For rotation in the
sense indieated, the scaffold is being raised. If each
drum has a diameter of 200 mm and turns at the
rate of 40 rev/min, determine the upward velocity v
of the scaffold.
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:"*‘ PROBLEM 2/237 The angular displacement of the centrifuge is given .
i by 6 = 4[t + 30e "% — 30] rad, where ¢ is in sec- l
I onds and ¢ = 0 is the startup time. If the person ]
\\ loses consciousness at an acceleration level of 10g, H
“ determine the time ¢ at which this would occur. ]
:o% Verify that the tangential acceleration is negligible ¢
i as the normal acceleration approaches 10g. &
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L _— . -0.03t s
\ O =4[/-04e t] (rad/s) ]
I 2 ~-0.02 ]
I 8 =0./1080 e (rad/s?) 1
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I ) Z -0.03t 1% ,‘
ré*=10[4(l-0.9e )] = 10(9.81) o;
[ -0.03t,2 i
\ (/-0.9¢ ): = 0.6s3
I -0.031 i
: /-0.9¢e =4+ 0.783
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“o% - 0. 0 t &
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I - - 0,03 (47.4) |
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Il e ” }
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ﬂ' By means of the control unit M, the pendulum H
ﬂ" PROBLEM 2/253 0A is given an oscillatory motion about the vertical ""
U._ given by # = ¢, sin \"’§ t, where #; is the maximum H
:-'- angular displacement in radians, g is the accelera- &
ﬂ'- tion of gravity, ! is the pendulum length, and 7 is H
% the time in seconds measured from an instant &
U'- when OA is vertical. Determine and plot the mag- H
U-. nitude a of the acceleration of A as a function of H
U-. time and as a function of # over the first quarter H
U-. cvele of motion. Determine the minimum and -U
U-. maximum values of ¢ and the corresponding val- H
U._ ues of t and 0. Use the values 0, = =/3 radians, / = H
U._ 0.8 m, and g = 9.81 m/s®. (Note: The preseribed H
U._ motion ig not precisely that of a freely swinging H
:,._ pendulum for large amplitudes.) Pl
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