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ON'E PAGE NOTES PERMITTED, NO CREDIT FOR ANSWER ONLY

(6 / 2) 1. The rear-wheel drive lawn mower, when placed
into gear while at rest, is observed to momentarily
spin its rear tires as it accelerates. The coefficients
of friction between the rear tires and the ground are
g, = 0.7 and p, = 0.5. The operator pushes the
mower with a force on the handle of P = 100
Newton. The mower wheels do not leave the
ground. The mass of the mower and attached bag
is 50 kg with center of mass at G.

N

A (5 points) Draw a free body diagram of mower.

B. (10 points) What are the upward forces Ny and N,
on the mower wheels?
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C. (10 points) What is the forward acceleration of the mower, a. =‘ [92.5A [
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2. The 10 inch radius, 64.4 Ib solid circular disk is initially
at rest on the smooth horizontal surface when a 3 1b
force P, constant in magnitude and direction, is applied
to the cord wrapped securely around its periphery.
Friction between the disk and the surface is negligible.

( 5/ ? ") A (10 points) Calculate the angular velocity, ® , of the
disk after the 3 Ib force has been applied for 2 seconds
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B. (10 points) What is the ratio of the velocity speed of the cord removal to the right to the
velocity of the disk to the right? +
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C. (10 points) Calculate the linear velocity V of the center of the disk after it has moved 3 feet E

from rest
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D. (5 points) What happens if after moving 3 feet the cord breaks? Describe the motions of the
disk?
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( 6/ 2) 3. A constant force F = 100 N is applied in the vertical
direction to the symmetrical linkage starting from the
rest position shown, where 6 = 45°. Each link b =1
m and has a mass m, = 1 kg. The wheel is a solid
circular disk of mass m = 2 kg and radiusr=0.5 m
and rolls on the horizontal surface without slipping.

A (5 points) What is the velocity of the center of the
disk and its angular velocity when 6 = 0°? (Hint
sketch the system in this position)
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B. (5 points) What is the horizontal force of the pin at
the wall on the left link when 6 = 0°?

C. (10 points) Determine the angular velocity o which the links acquire as the reach the position
0=0°
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(6/"7 0) 4, A man of mass m = 75 kg stands at point A on the
horizontal turntable, initially at rest. The turntable is
free to rotate about O with negligible friction and has
a moment of inertia I, = 1000 kg-m? about the center
O. The man starts to walk clockwise in a circle of
radiusr=4 m.

A. (5 points) What is relation between absolute velocity
of man, V_, absolute velocity of turntable under man,
V., and velocity of man relative to turn table, Vy,;?
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B. (5 points) Express the relation above in terms of the
angular changes of position (angular velocities) of
man and turntable or & and B, respectively? (Be
careful with signs)
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C. (10 points) If the man walks with a gpeed of V. =1 mV/s relative to the turntable, what is
the corresponding angular velocity ® of the turntable?
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D. (Xtra credit 10 points) Determine the angle ® through which the turntable rotates until the
man reaches his starting point in the new position A’. (Hint use results of A-C above and fact

that © + B = 2m.) <
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Engineers desire tp design a streetlight pole to shear off
at ground level when struck by a vehicle. They desire
to estimate the force S required to shear off the ground
support bolts. From videotapes of a test impact they
know the angular velocity of the pole is ® = 0.74
rad/sec and the horizontal velocity of its centerpoint is
V = 22 fi/sec after impact, whose duration is At =0.01
sec. The pole can be modeled as a 20-ft, 140 Ib pole.
The car impacts the pole 2 ft above the ground, the
couple exerted on the pole can be neglected.

(5 points) Draw a free body diagram on the sketch to 7
right of the pole including impact force, shear force, .
weight, and indicate directions of motion, V and .

(5 points) From the principle of linear impulse and momentum write an equation including the
shear force S. SZF# = omVy-mV,
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(5 points) From the principle of angular impulse and angular momentum write an equation
for angular impulse about the pole base. (Be careful with your negative and positive sense of
rotation of the angular rotations due to center velocity and pole rotation about its center
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(5 points) Solve these equations for the average shear force S required. 2(eN
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