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47. A crane of mass 3 000 kg supports a load of 10 000 kg as in
Figure P12.47. The crane is pivoted with a frictionless pin
at A and rests against a smooth support at B. Find the reac-
tion forces at A and B.

00 m 10 000 kg
r-——— 6.00 m ‘—'
Figure P12.47

48. A ladder of uniform density and mass m rests against a fric-
tionless vertical wall, making an angle of 60.0° with the
horizontal, The lower end rests on a flat surface where the
cocfficient of static friction is ;= 0.400. A window
cleaner with mass M = 2m attempts to climb the ladder.
What fraction of the length L of the ladder will the worker
have reached when the ladder begins to slip?

A 10 000-N shark is supported by a cable attached to
a 4.00-m rod that can pivot at the base. Calculate the
tension in the tie-rope between the rod and the wall if it is
holding the system in the position shown in Figure P12.49.
Find the horizontal and vertical forces exerted on the base
of the rod. (Neglect the weight of the rod.)

Figure P12.49

50. When a person stands on tiptoe (a strenuous position),
the position of the foot is as shown in Figure P12.50a. The
gravitational force on the body F&r is supported by the
force n exeried by the floor on the toe. A mechanical
model for the situation is shown in Figure P12.50b, where
T is the force exerted by the Achilles tendon on the foot
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and R is the force exerted by the tibia on the foot. Find
the values of T, R, and § when F; = 700 N.
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Figure P12.50

51. A person bending forward to lift a load “with his back”
(Fig. P12.51a) rather than “with his knees” can be injured
by large forces exerted on the muscles and vertebrae. The
spine pivots mainly at the fifth lumbar vertebra, with the
principal supporting force provided by the erector spinalis
muscle in the back. To sce the magnitude of the forces in-
volved, and to understand why back problems are com-
mon among humans, consider the model shown in Figure
P12.51b for a person bending forward to lift a 200-N ob-
ject. The spine and upper body are represented as a uni-
form horizontal rod of weight 350 N, pivated at the base
of the spine. The erector spinalis muscle, attached at a
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Figure P12,51




point two thirds of the way up the spine, maintains the po-
sition of the back. The angle between the spine and this
muscle is 12.0°, Find the tension in the back muscle and
the compressional force in the spine.

52. A uniform rod of weight F, and length L is supported at its
ends by a frictionless trough as shown in Figure P12.52.
(a) Show that the center of gravity of the rod must be
vertically over point & when the rod is in equilibrium.
(b) Determine the equilibrium value of the angle 6.
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A force acts on a rectangular cabinet weighing 400 N, as
in Figure P12.55. (a) If the cabinet slides with constant
speed when #= 200N and /4 = 0.400 m, find the coeffi-
cient of kinetic friction and the position of the resultant
normal force. (b) If F= 300 N, find the value of % for
which the cabinet just begins to tip.
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Figure P12,53 Problems 53 and 54.

54. Consider the rectangular cabinet of Problem 53, but with
a force F applied horizontally at the upper edge. (a} What
is the minimum force required to start to tip the cabinet?
(b) What is the minimum coefficient of static friction re-
quired for the cabinet not to slide with the application of a
force of this magnitude? (c) Find the magnitude and di-
rection of the minimum force required to tip the cabinet
if the point of application can be chosen anywhere on the
cabinet.

A uniform beam of mass m is inclined at an angie &
to the horizontal. Its upper end produces a ninety-
degree bend in a very rough rope ted to a wall, and
its lower end rests on a rough floor (Fig. P12.55). (a) If
the coefficient of static friction between beam and
floor is u,, determine an expression for the maximum
mass M that can be suspended from the top before the
beam slips. {(b) Determine the magnitude of the reaction
force at the floor and the magnitude of the force
exerted by the beam on the rope at Pin terms of m, M,
and py.
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Figure P12.55

Figure P12.56 shows a truss that supports a downward force
of 1 600 N applied at the point B The truss has negligible
weight. The piers at A and Care smooth. (a) Apply the con-
ditions of equilibrium 1o prove that ny = 366N and
ne = 634 N. (b) Show that, because forces act on the light
truss only at the hinge joints, each bar of the truss must ex-
ert on each hinge pin only a force along the length of that
bar—a force of tension or compression. (c¢) Find the force
of tension or of compression in each of the three bars.
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Figure P12.56

A stepladder of negligible weight is constructed as shown

in Figure P12.57. A painter of mass 70.0 kg stands on the
ladder 3.00 m from the bottom. Assuming the floor is fric-
tionless, find (a) the tension in the horizontal bar connect-
ing the two halves of the ladder, (b} the normal forces at A
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Figure P12.57






