j_ The uniform 14-ft pole weighs 150 Ib and is sup-
ported as shown. Calculate the force P required to
move the pole if the coefficient of static friction for
each contact location is 0.40.

I 8 >

Prablem {,

2 The uniform pole of length [ and mass m is placed
against the supporting surfaces shown. If the coeffi-
cient of static friction is 1, = 0.25 at hoth A and B,
determine the maximum angle § at which the pole
can be placed before it begins to slip.

Ans. 6 = 59.9°

Problem 2

3 The strut AB of negligible mass is hinged to the hor-

izontal surface at A and to the uniform 25-kg wheel
at B. Determine the minimum couple M applied to
the wheel which will cause it to slip if the coefficient
of static friction between the wheel and the surface
is 0.40.

Problem _? ‘

4 : The 180-1b man with center of gravity G supports the

75-1b drum as shown. Find the greatest distance x at
which the man can position himself without slipping
if the coefficient of static friction between his shoes
and the ground is 0.40. Ans. x = 10.52 ft

Problem.4. .

5 The force P is applied to (a) the 60-lb block and ()
the 100-1b block. For each case, determine the mag-
nitude of P required to initiate motion.

Pla)

== P(b)

LS

Problem 5



The system of two blocks, cable, and fixed pulley is
initially at rest. Determine the horizontal force P
necessary to cause motion when (a) P is applied to
the 5-kg block and (b) P is applied to the 10-kg block.
Determine the corresponding tension T in the cable

for each case. Ans. (@) P = 1373 N, T = 1128 N

B P =1373N, T = 245N
Pla)

#,=0.50
—fe—2Ph

i = 0.60

Problem §

? .. Determine the range of weights W for which the 100-1b
block is in equilibrium. All wheels and pulleys have
negligible friction.

4,=0.30)

#k=0.25f

Problem T

8 The uniform rod with center of mass at G is sup-
ported by the pegs A and B, which are fixed in the
wheel. If the coefficient of friction between the rod
and pegs is u, determine the angle 8 through which
the wheel may be slowly turned about its horizontal
axis through O, starting from the position shown, be-
fore the rod begins to slip. Neglect the diameter of
the rod compared with the other dimensions.

Ans. 0 = tan! (y.a t b)

a

Problem g

. The 10-kg solid cylinder is resting in the inclined

V-block. If the coefficient of static friction between
the cylinder and the block is 0.50, determine (a) the
friction force F' acting on the cylinder at each side
before force P is applied and (b) the value of P re-
quired to start sliding the cylinder up the incline.

o

Problem 9

The homogeneous semicylinder rests on a horizontal
surface and is subjected to the force P applied to a
cord firmly attached to its periphery. The force P is
slowly increased and kept normal to the flat surface
of the semicylinder. If slipping is observed just as 6
reaches 40°, determine the coefficient of static fric-
tion p, and the value of P when slipping occurs.
Ans, u, = 0.122, P = 0.1661mg

Problem O



I3

The sliding glass door rolls on the two small lower
wheels A and B. Under normal conditions the upper
wheels do not touch their horizontal guide. (@) Com-
pute the force P required to slide the door at a steady
speed if wheel A becomes ““frozen’ and does not turn
in its bearing. (b) Rework the problem if wheel B be-
comes frozen instead of wheel A. The coefficient of
kinetic friction between a frozen wheel and the sup-
porting surface is 0.30, and the center of mass of the
140-1b door is at its geometric center. Neglect the
small diameter of the wheels.

Problem i |

12, A clockwise couple M is applied to the circular cyl-

inder as shown. Determine the value of M required
to initiate motion’for the conditions my = 3 kg,
me = 6 kg, () = 0.50, (uy)e = 0.40, and = 0.2 m.
Friction between the cylinder C and the block B is

negligible. Ans. M = 294 N-m

Problem |7 -

Repeat Prob. | 2 , except let (i) = 0.20. All other
conditions of Prob. }2 remain the same.

’4« The figure shows the design in section of a loaded

bracket which is supported on the fixed shaft by the
roller at B and by friction at the corner A. The co-
efficient of static friction is 0.40. Neglect the weight
of the bracket and show that the bracket as designed
will remain in place. Find the friction force F.

Ans. F = 400 Ib

L 20"

Problem {4

|5 Determine the magnitude P of the horizontal foree

required to initiate motion of the block of mass m,
for the cases (a) P is applied to the right and (b) P is
applied to the left. Complete a general solution in
each case, and then evaluate your expression for the
values 6 = 30°, m = my = 3 kg, u, = 0.60, and
Hr = 0.50.

Problem 5



=

Find the maximum distance x from the horizontal
centerline of the drawer at which the force P may be
applied and still allow the drawer to be opened with-
out binding at the corners. Neglect friction on the
bottom of the drawer and take the coefficient of static

friction at the corners to be p,. 3

" 2n,

Ans. x

- —

ot

Problem {&

The two uniform slender bars constructed from the
same stock material are freely pinned together at B.
Determine the minimum angle 6 at which slipping
does not occur at either contact point A or C. The
coefficient of static friction at both A and C is p, =
0.50. Consider only motion in the vertical plane
shown.

Problem {7

18-

The movable left-hand jaw of the C-clamp can be slid
along the frame to increase the capacity of the clamp.
To prevent slipping of the jaw on the frame when the
clamp is under load, the dimension x must exceed a
certain minimum value. For given values of @ and b
and a static friction coefficient p,, specify this design
minimum value of x to prevent slipping of the jaw.

a — by,

2p

Ans. x =

b

.

Problem ! §

. Two automobiles, both of which have the mass center

located as shown midway between the front and rear
axles, are identical except that one is front-wheel-
drive and the other is rear-wheel-drive. The cars are
driven at constant speed up ramps of various incli-
nations. From a theoretical design viewpoint, which
car could climb the ramp of higher inclination angle
#? Justify your answer.

L2

Problem W



‘2 Determine the distance s to which the 90-kg painter

2

22 Repeat Prob. 2 |

can climb without causing the 4-m ladder to slip at
its lower end A. The top of the 15-kg ladder has a
small roller, and at the ground the coefficient of static
frictipn is 0.25. The mass center of the painter is di-
rectly above her feet. Ans.s = 255 m

Problem 2 0

The two blocks are placed on the incline with the
cable taut. (¢) Determine the force P required to in-
itiate motion of the 15-kg block if P is applied down
the incline. (b) If P is applied up the incline and
slowly increased from zero, determine the value of P
which will cause motion and describe that motion.

Problem 2 |

but with u;, = 0.50 between the
blocks. All other conditions remain the same.
Ans. (@) P = T14 N, () P = 162.0N

22 The uniform slender rod of mass m and length L is
initially at rest in a centered horizontal position on
the fixed circular surface of radius R = 0.6L. If a
force P normal to the bar is gradually applied to its
end until the bar begins to slip at the angle § = 207,
determine the coefficient of static friction g,.

Problem 22

The body is constructed of an aluminum cylinder
with an attached half-cylinder of steel. Determine the
ramp angle 6 for which the body will remain in equi-
librium when released in the position shown where
the diametral section of the steel half-cylinder is ver-
tical. Also calculate the necessary minimum coeffi-
cient of static friction p,.

Ans. 6 = 8.98° p, = 0.158

[40 mm
16 mm - L
Al

Problem 24



25

The uniform slender rod is slowly lowered from the
upright position (6 = 90°) by means of the cord at-
tached to its upper end and passing under the small
fixed pulley. If the rod is observed to slip at its lower
end when 6 = 40°, determine the coefficient of static
friction at the horizontal surface.

26

Problem 25

The three identical rollers are stacked on a horizontal
surface as shown. If the coefficient of static friction
s 18 the same for all pairs of contacting surfaces, find
the minimum value of p, for which the rollers will

not slip. Ans. p, = 0.268

Problem 2.(,

7

2%

The uniform slender bar of length [ is placed in the
opening of width d at the 30° angle shown. For what
range of [/d will the bar remain in static equilibrium?
The coefficient of static friction at A and B is o, =
0.40.

g ) —_’{.
Problem 27

The single-lever block brake prevents rotation of the
fiywheel under a counterclockwise torque M. Find
the force P required to prevent rotation if the coef-
ficient of static friction is p,. Explain what would
happen if the geometry permitted b to equal p.e.




2 Ablock of mass my is placed between the vertical wall
and the upper end A of the uniform slender bar of
mass m. If the coefficient of static friction is u, be-
tween the block and-the wall and also between the
block and the bar, determine a general expression for
the minimum value 6,_;, of the angle 6 for which the
block will remain in equilibrium. Evaluate your ex-
pression for the conditions p, = 0.5 and

@ = = 0.1,
my

® = =1, and
my

) = = 10.
m,

0 .
For each case, state the minimum coefficient of static
friction (u,)p necessary to prevent slippage at B.

Problem 20

3 f A woman pedals her bicycle up a 5-percent grade on
a slippery road at a steady speed. The woman and
bicycle have a combined mass of 82 kg with mass
center at G. If the rear wheel is on the verge of slip-
ping, determine the coefficient of friction y, between
the rear tire and the road. If the coefficient of friction
were doubled, what would be the friction force F act-
ing on the rear wheel? (Why may we neglect friction
under the front wheel?)

Problem 25

20 Ablock of mass my is placed between the vertical wall
and the small ideal roller at the upper end A of the
uniform slender bar of mass m. The lower end B of
the bar rests on the horizontal surface. If the coeffi-

cient of static friction is u, at B and also between the 5 E 460

block and the wall, determine a general expression 100 *‘ nm
for the minimum value 6, of 8 for which the block ~—— 1080 mm ——
will remain in equilibrium. Evaluate your expression i 3[

for po = 0.5 and ”Ll"; = 10. For these conditions,
0
check for possible slipping at B.

2
Ans. 6, = tan ! ( mn:), Omin = 21.8°

gl
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