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PROBLEM 8.3
Determine whether the 10-kg block shown is in equilibrium, and find the
magnitude and direction of the friction force when P =40N and

b 6= 200,

M =030
M =025

SOLUTION
Tension in cord is equal to P = 40 N, from FBD of pulley.
FBD Block:
W = (10 kg)(9.81 ms?) = 98.1 N
% M “CZF,=0: N —(98.1N)cos20° + (40 N)sin20° = 0
N=78503N
Foae = 1,V =(0.30)(78.503 N) = 23551 N
£ N For equilibrium:  ZF, = 0: (40 N)cos20° - (98.1 N}sin20° — F = 0
- Equilibrium exists

Fq = 4.0355 N < Fypy,
F=404N 3 20° 4
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PROBLEM 8.10
The 20-1b block A hangs from a cable as shown. Pulley C is connected by
D a short link to block £ which rests on a horizontal rail. Knowing that the
coefficient of static friction between block E and the rail is 0.35 and
X! neglecting the weight of the block E and the friction in the pulleys,

determine the maximum allowable value of 8 if the system is to remain
in equilibrium.

SOLUTION
FBD A with pulley: Tension in cord is T throughout from pulley FBD's
7 7
) 1XF,=0: 2I-201b=0, T=101b
zo b
FBD E with pulley:

For 6_,,. motion im endsio\right, and

- N
¢, = tan™! y, =}tan"'(0.35) = 19.2900°
/

[{?;{' o

From force triangle,

20b  100b
sin(0 - ¢;)  sing,’
6 = sin™! (2sin19.2900°) + 19.2900° — 60.64°
Oy = 60.6° 4

max

2sing, = sin(6 - ¢,)
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PROBLEM 8.11

The coefficients of friction are g, =040 and 1, = 0.30 between all
surfaces of contact. Determine the force P for which motion of the 30-kg
block is impending if cable 4B (a) is attached as shown, (b) is removed.

SOLUTION

BD t :
FBD top block YSF=0: N -1962N=0

3}

CZOé@)/?f/ M/’B l\ T 9L 2 A/ Nl = 196.2 N?

E_F;}’_’I (a) With cable in place, impending motion of bottom block requires

£ 7—. " impending slip between blocks, so £ = N, = 0.4(196.2 N)
F, = 7848 N~
YIF, =00 N, -1962N-2943N=0
FBD bottom block: N, = 490.5 NT
vt B = uN, = 0.4(490.5 N) =196.2 N
e 7805 ~—~ 3F, =0: ~P+7848N+1962N=0

P=275N-—4

(b) Without cable 4B, top and bottom blocks will move together

Wituwh = ggocrl SF,=0: N-4905N=0, N =490.5N

| —L Impending slip: F=pN =040(490.5N)=196.2 N
= v

s —F—?;J —3F =0: -P+1962N=0
n

P=1962 N -—«
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PROBLEM 8.14

The 20-Ib block A and the 40-1b block B are at rest on an incline as
shown. Knowing that the coefficient of static friction is 0.25 between all
surfaces of contact, determine the value of 6 for which motion is
impending.

SOLUTION
FBD’s:
A:,
20 b
A
O
F
~1
N,

Note: Slip must impend at both surfaces simultaneously.
IEF,=0: N -201b=0, N =20

Impending slip: K = uN; = (0.25)(201b) = 5 Ib
— $F.=0. -T+5b=0, T=5b

/" ZF,=0: N, —(201b+40Ib)cos6 — (5 Ib)sing = 0

N, = (60 Ib)cos® — (5 Ib)sin6

Impending slip: ~ F, = u,N, = (0.25)(60cos6 — 5sin6)Ib
N ZF.=0:  —F-5lb-(51b)cost + (20 Ib + 40 Ib)sin = 0
' ~20co0s6 + 58.75sn6 — 5 = 0

Solving numerically, 6=234 4
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PROBLEM 8.16

A packing crate of mass 40 kg is pulled by a rope as shown. The
coefficient of static friction between the crate and the floor is 0.35. If
o = 40°, determine (@) the magnitude of the force P required for
impending motion of the crate, (b) whether sliding or tipping is

impending.
SOLUTION
First assume Slip impends without tipping, so F = N
FBD
. - 'SF, =0: N+Psind0°-W =0,  N=W- Psind0°
F = uN = 035(W - Psin40°)
1 — X, =0: F—Pcos40° =0
v
= 0.35W = P(cos40° + 0.35sin40°)
F'
N P, = 035317TW (H

Next assume tip impends without slipping, R acts at C.
B e

£ (=M, =0: (0.8 m)Psin40° + (0.5 m)Pcos40° — (0.4 m)W¥ = 0
‘l’” P = 0.4458W > P, from (1) |

Py = B, = 035317(40 kg)(9.81 mis?)

= 138.584 N

(@) P, =1386N <

(b) Slip is impending 4
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PROBLEM 8.22 \/
’ A 6.5-m ladder 4B of mass 10 kg leans against a wall as shown.
Assuming that the coefficient of static friction g is the same at both
surfaces of contact, determine the smallest value of u for which
B equilibrium can be maintained.
PPV
SOLUTION
FBD ladder: U,
. £l QShp\impends atbothdand B, F,; = w>
—
‘ [ia Zth:O: FA_NB:‘O.* NB=FA=[JS]VA
A i T T
/i '5F, =0: Ny-W+Fy=0 Ny+Fp=W
Ny+uNg=W
6w —
W1 12) =W
W
(=M, =0 (6m)Ng+ (—S—m)W - (ém)NA =
- : e— \4 2
-~ _ P2
on e 2 0 ;,,,_., 5
dﬂ 6&EA+‘ZNA(1+}12)——NA=O
24
#g + —5_/'15 -1=0
= —24%26 Hgmin = 0.200 <
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PROBLEM 8.102

Blocks A and B arc connected by a cable that passes over support C.
Friction between the blocks and the /ipglincd surfaces may. he.ngglected.
Knowing that motion of block B (up the incline is impending/when
mg = 8 kg, detenmine (a) the coefficient of static friction between the
rope and the support, (b) the largest value of nip for which equilibrium is

maintained. (ini: See Prob. §.128.)

SOLUTION
FBD A:
W, = (10 kg)(9.81 my/s?) = 981N

SOSE =0 T,-Wsind0=0, T, =2t
+ " . 4 W,
L g « ZF, =0 Wgsin30° -7, =0, Tg= “zﬁ

" ¢ (a) Motion of B impends up incline and mg = 8 kg

e \
> T 1, T 1, W
SN s A = ohP, = —lnid = —In—2
P B=ep’ = 3 red r‘TB Hy B TB ,B ;VB
c 4
L C Ll 3 10ke
T B m, m {(8kg
From hint, f is not dependent
on shape of support
1, = 0.21309
) f, = 0213 4
(b) For maximum m,, motion of B impend ‘@own? incline
e S S =
7T, 021300%
g, TR ok Ty =Te 3 = 12507
v 2Ty '
1 oWy = 1.25W, and my = 1.25m, = 1.25(10 kg)

Moy = 12.50 kg
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