


f



fs

fs ≤ μsN,

μs N

fs

fs ≤ μsN,

μs N

≤ μs N

fs(max)

fs(max) = μsN.

fk

fk = μkN,

μk fk = μkN

fk

fk = μkN,

μk

μ

μs μk



W = mg = (100 kg)(9.80 m/s2) = 980 N
fs(max) = μsN = (0.45)(980 N) = 440 N

fk = μkN = (0.30)(980 N) = 290 N



N fk = μkN

N
f w w⊥ W // N

w⊥ f W //

N = w⊥ = w cos 25º = mg cos 25º.

fk = μkmg cos 25º,

μk

μk

μk = fk
N = fk

w cos 25º
= fk

mg cos 25º.

μk = 45.0 N
(62 kg)(9.80 m/s2)(0.906)

= 0.082.

m
θ fk = μkmg cos θ

fk = μkmg cos θ mg sin θ



fk = Fgx

μk mg cos θ = mg sin θ.

μk

μk = mg sin θ
mg cos θ = tan θ.

μk
θ

μk
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FD

FD ∝ v2

FD = 1
2CρAv2,

C A ρ

FD = bv2 b
0.5CρA

FD

FD ∝ v2

FD = 1
2CρAv2,

C A ρ



C

C



vt FD
FD

Fnet = mg − FD = ma = 0.

mg = FD.

mg = 1
2ρCAv 2.

v = 2mg
ρCA .

ρ = 1.21 kg/m3

A = 0.18 m2 C = 0.70

v = 2(75 kg)(9.80 m/s2)
(1.21 kg/m3)(0.70)(0.18 m2)

= 98 m/s
= 350 km/h.



v
v2

Fnet = 0

mg = 1
2ρCAv 2

vt

vt = 2mg
ρCA .

A = (2 m)(0.35 m) = 0.70 m2.
vt

vt = 2(85 kg)(9.80 m/s2)
(1.21 kg/m3)(1.0)(0.70 m2)

= 44 m/s.

vt v = 98 m / s

Fs = 6πrηv,
r η v

Fs = 6πrηv,



r η v

1 μm 2 μm/s

5 μm/s

F = kΔL,

ΔL F k

ΔL

ΔL = F
k

ΔL



F = kΔL,

ΔL F k

ΔL = F
k

ΔL F
1
k ΔL

F F
L

k
ΔL

k

103

w

k



ΔL L0

ΔL
ΔL

ΔL ΔL
F

L0

ΔL

ΔL = 1
Y

F
AL0,

ΔL F Y
A L0 Y

Y



(109 N/m2) (109 N/m2) (109 N/m2)

F
w w

3.0×106 N

Y



F = 3.0×106 N πr2 = 2.46×10−3 m2

ΔL = 1
Y

F
AL0

ΔL = ⎛
⎝ 1

210×109 N/m2
⎞
⎠
⎛
⎝ 3.0×106 N

2.46×10–3 m2
⎞
⎠(3020 m)

= 18 m.



F = mg = ⎛
⎝62.0 kg⎞

⎠
⎛
⎝9.80 m/s2⎞⎠ = 607.6 N,

πr2 = 1.257×10−3 m2 ΔL = 1
Y

F
AL0

ΔL

ΔL = ⎛
⎝ 1

9×109 N/m2
⎞
⎠
⎛
⎝ 607.6 N

1.257×10−3 m2
⎞
⎠(0.400 m)

= 2×10−5 m.

Y

F
A = Y ΔL

L0
.

F
A N/m2 ΔL

L0

stress = Y×strain.

F = YAΔL
L0

,

k = YA
L0

.

F
A



ΔL
L0

stress = Y×strain.

Δx
L0

Δx = 1
S

F
AL0,

S F L0
A F

A S

Δx = 1
S

F
AL0,

S F L0 A

L0 A Δx
F



1.80 μm

F w w
w
g Δx = 1

S
F
AL0 F

Δx = 1
S

F
AL0 F

F = SA
L0

Δx.

S = 80×109 N/m2 r

A = πr2 = 1.77×10−6 m2.
L0

F = (80×109 N/m2)(1.77×10−6 m2)
(5.00×10−3 m)

(1.80×10−6 m) = 51 N.

w

m = w
g = F

g = 5.2 kg.

1.80 μm



F
A

ΔV

ΔV = 1
B

F
AV0,

B V0
F
A

ΔV
V0

5.00×107 N / m2

ΔV = 1
B

F
AV0

ΔV
V0

ΔV
V0

ΔV
V0

= 1
B

F
A.

B

ΔV
V0

= 5.00×107 N/m2

2.2×109 N/m2

= 0.023 = 2.3%.



FD

FD ∝ v2

FD = 1
2CρAv2,

C A ρ

F ΔL F = kΔL

fk = μkN μk

fs ≤ μs N μs N

Fs = 6πrηv r η v

N
fs

fs ≤ μsN,
μs

fk



fk = μkN,
μk

v

FD = 1
2CρAv2,

C A ρ

Fs = 6πηrv,
r η v

F = kΔL,
ΔL F k

ΔL = 1
Y

F
AL0,

Y A L0

F
A

ΔL
L0

stress = Y×strain.

Δx = 1
S

F
AL0,

S F L0 A

ΔV = 1
B

F
AV0,

B V0
F
A





1.00×103 kg

Ftot
F1 F2

Ftot
Ftot

θ
a = g sin θ

fk = μkN
a = g( sin θ − μkcos θ).

(μk = 0).

5.0º

10.0º

θ = tan–1 μs
a = 0



6º 6º

μs = 0.100

4º 4º

μs = 0.100

8.00×105-kg
5.50×105 kg

5.00×10−2 m / s2

7.50×105 N

F



0.140 m2

930 cm2

0.70 m2

2.44 m2

1.00×103 kg/m3 πr2

2.00 μm

1.10×103 kg/m3

7.8×103 kg/m3

3.0 mm

1×109 N / m2



1×109 N / m2

20.0º

30.0º

ΔV / V0 = 2×10−3

1.8×109 N/m2

ΔV / V0 = 9.05×10−2

3.94×103 N
5.0º

90.0º

4.00×104 N

30.0º

90º
30º


