


F = ma

net F = 0

F

net Fx = 0 and net Fy = 0

net F = 0

Fapp



net F = 0

net F = 0
net F = 0



F r⊥
F′

θ 90º θ = 0º

τ = rF sin θ
τ r

F θ

r ⊥

r ⊥ = r sin θ

τ = r⊥ F.



r F θ
r F θ

F

r ⊥ F
r ⊥ F

r ⊥ r θ
τ = r ⊥ F τ = rF sin θ

N · m

16 N·m

r θ

net τ = 0



Fp

τ = rF sin θ.

θ = 90º sin θ = 1 r ⊥ = r

τ1 = r1w1

τ2 = – r2w2

τp = rpFp

= 0 ⋅ Fp

= 0.

Fp rp

τ2 = – τ1,

r2 w2 = r1w1.

mg w

r2 m2 g = r1 m1 g.



r2

r2 = r1
m1
m2

.

r2

r2 = (1.60 m)26.0 kg
32.0 kg = 1.30 m.

Fp

net F = 0.

net Fy = 0

Fp – w1 – w2 = 0.

Fp = w1 + w2.

Fp = m1g + m2g.

Fp = ⎛
⎝26.0 kg⎞

⎠
⎛
⎝9.80 m/s2⎞⎠ + ⎛

⎝32.0 kg⎞
⎠
⎛
⎝9.80 m/s2⎞⎠

= 568 N.

Fp

Fp

r1 r2











net F = 0 net τ = 0

r = 0
θ = 0

(net F = 0) (net τ = 0)

FR = FL = w / 2



FL = FR

FL FR

FR FL

(net F = 0
(net τ = 0)

τw
τR

net τcw = –net τccw.

τR = –τw

τ = rF sin θ θ = 90º

(0.900 m)⎛⎝FR
⎞
⎠ = (0.600 m)(mg).

FR = (0.667)⎛⎝5.00 kg⎞
⎠
⎛
⎝9.80 m/s2⎞⎠

= 32.7 N.

FL + FR – mg = 0



FL + FR = w = mg

FL

FL = mg − FR
= mg − 32.7 N

= ⎛
⎝5.00 kg⎞

⎠
⎛
⎝9.80 m/s2⎞⎠ − 32.7 N

= 16.3 N

FL FR FL FR

MA = Fo
Fi



Fo Fn
Fo li lo

Fi Fo

Fi , Fn , N Fn Fo Fo

N
Fi Fn

(net τ = 0) Fi
Fn

li Fi = loFo

ri Fi ro

Fo li lo

Fo
Fi

= li
lo

.

Fo
Fi

MA = Fo
Fi

= li
lo

.

MA = Fo
Fi

MA = d1
d2



Fo
Fi

= li
lo

Fi = Fo
lo
li

.

Fi = ⎛
⎝45.0 kg⎞

⎠
⎛
⎝9.80 m/s2⎞⎠0.075 m

1.02 m = 32.4 N.

Fi + N = W

N = (45.0 kg)⎛⎝9.80 m/s2⎞⎠ − 32.4 N = 409 N N

409 N

MA = 1.02 / 0.0750 = 13.6

360º



ri / r0

2.0 cm 24.0 cm
MA = 2.0 / 24.0 = 0.083 12,000 N
1000 N

360º

T

T



2T MA ≈ 2

4T MA ≈ 4



FB

FB FE wa wb
FB FE FB

FE FB

(net τ = 0)

r2 wa + r3wb = r1FB.

sin θ = 1 θ = 90º FB

FB = r2 wa + r3wb
r1

.



FB =
(0.160 m)⎛⎝2.50 kg⎞

⎠
⎛
⎝9.80 m/s2⎞⎠ + (0.380 m)⎛⎝4.00 kg⎞

⎠
⎛
⎝9.80 m/s2⎞⎠

0.0400 m

FB = 470 N.

⎛
⎝6.50 kg⎞

⎠
⎛
⎝9.80 m/s2⎞⎠ = 63.7 N

FB
wa + wb

= 470
63.7 = 7.38.

FE
FE

470 N – 407 N = 63 N



rb ⊥ Fb

FB –

FV –

FB – wub
wbox – FB –

(net τ = 0)

(0.350 m)⎛⎝55.0 kg⎞
⎠
⎛
⎝9.80 m/s2⎞⎠ + (0.500 m)⎛⎝30.0 kg⎞

⎠
⎛
⎝9.80 m/s2⎞⎠ = (0.0800 m)FB.



FB

FB = 4.20×103 N.

FB
wub + wbox

= 4200 N
833 N = 5.04.

FV
net F = 0 y x

net Fy = 0 and net Fx = 0.

y

FVy – wub – wbox – FB sin 29.0º = 0.

FVy = wub + wbox + FB sin 29.0º
= 833 N + (4200 N) sin 29.0º

FVy = 2.87×103 N.

x

FVx – FB cos 29.0º = 0

FVx = 3.67×103 N.

FV

FV = FVx
2 + FVy

2 = 4.66×103 N.

FV

θ = tan – 1⎛⎝
FVy
FVx

⎞
⎠ = 38.0º.

FV

FV
wub + wbox

= 4660 N
833 N = 5.59.



F



net F = 0

τ = rF sin θ
τ r F

θ F
r⊥

r⊥ = r sin θ

τ = r⊥ F.
r⊥ F

(N·m)

net τ = 0





(net τ = 0)
Fp

F1

F2

F1 F2



F
w T

(net τ = 0)

45 cm 1.8 cm

1250 N

1.10 cm
27.5 cm



115 kg

7.00 kg



FV

90º

120º



k = 600 N/m

FB

25º


