


10−9 m



x
Δx Frestore

Frestore Frestore





w
N f

Fnet

a′ > a

w
N f

Fnet

a ∝ Fnet ,

∝ Fnet



a ∝ 1
m

m

a = Fnet
m .

Fnet = ma.

Fnet = ma.

Fnet = ma
1m/s2

Fnet = ma

1 N = 1 kg ⋅ m/s2.

w w
w

g

m



w Fnet = ma

Fnet = w
g a = g

m
w = mg.

g = 9.80 m/s2

w = mg = (1.0 kg)(9.80 m/s2 ) = 9.8 N.

g

g

1.67 m/s2

m g

1.67 m/s2

9.80 m/s2



Fnet m
Fnet = ma

a a = Fnet
m

a = 51 N
24 kg

kg ⋅ m/s2

a = 51 kg ⋅ m/s2

24 kg = 2.1 m/s2.

T
49 m/s2,



T
N

w
f

Fnet = ma,

Fnet

Fnet = 4T − f .

Fnet = ma = 4T − f .

4T = ma + f .

4T = ma + f = (2100 kg)(49 m/s2 ) + 650 N.

4T = 1.0×105 N,

T = 1.0×105 N
4 = 2.6×104 N.

g g



9.80 m/s2 g 45×9.80 m/s2 440 m/s2

Fwall on feet
Fwall on feet Ffeet on wall Ffeet on wall

Fwall on feet

Ffeet on wall
Ffeet on wall

Fwall on feet
Ffeet on wall

Fwall on feet Fwall on feet w BF
w BF



f
Ffloor f

Fprof

Ffoot
Ffloor

f
Ffloor Fprof Fcart

Ffoot



a = Fnet
m .

Fnet = Ffloor − f = 150 N − 24.0 N = 126 N.

m = (65.0 + 12.0 + 7.0) kg = 84 kg.

Fnet m

a = Fnet
m ,

a = 126 N
84 kg = 1.5 m/s2 .

Fprof

Fprof

Fprof

a = Fnet
m

Fnet = Fprof − f ,

Fprof

Fprof = Fnet + f .

f Fnet

Fnet = ma,

m a = 1.5 m/s2

Fnet = ma,

Fnet = (19.0 kg)(1.5 m/s2 ) = 29 N.



Fprof = Fnet + f ,

Fprof = 29 N+24.0 N = 53 N.



Fhand
w

N

N

N

N N
N = 100 N

W



N
w w⊥ w ∥ N w⊥

f w ∥

⊥ ∥

w f N
N f w

w ∥

w⊥

w ∥ = w sin (25º) = mg sin (25º)

w⊥ = w cos (25º) = mg cos (25º)

w ∥ f

a ∥ =
Fnet ∥

m

Fnet ∥ = w ∥ = mg sin (25º)

a ∥ =
Fnet ∥

m = mg sin (25º)
m = g sin (25º)

(9.80 m/s2)(0.4226) = 4.14 m/s2

Fnet ∥ = w ∥ − f ,

a ∥ =
Fnet ∥

m



a ∥ =
Fnet ∣ ∣

m =
w ∥ − f

m = mg sin (25º) − f
m .

a ∥ = (60.0 kg)(9.80 m/s2)(0.4226) − 45.0 N
60.0 kg ,

a ∥ = 3.39 m/s2,

a = g sinθ

θ
w⊥ w ∥

w⊥ N
w ∥ f

θ

w ∥ = w sin (θ) = mg sin (θ)

w⊥ = w cos (θ) = mg cos (θ).

θ
w w⊥

cos (θ) = w⊥
w

w⊥ = w cos (θ) = mg cos (θ)

sin (θ) =
w ∥
w

w ∥ = w sin (θ) = mg sin (θ)



T

Fnet = 0
w T

Fnet = T − w = 0,

T w

T = w = mg.

T = mg = (5.00 kg)(9.80 m/s2 ) = 49.0 N.



T
T

T

w TL
TR

TL TR
TL TR

x y



T w

x

Fnetx = TLx − TRx.

Fnetx = 0

Fnetx = 0 = TLx − TRx
TLx = TRx .

TL TR

cos (5.0º) = TLx
TL

TLx = TL cos (5.0º)

cos (5.0º) = TRx
TR

TRx = TR cos (5.0º).

TLx TRx

TL cos (5.0º) = TR cos (5.0º).

TL = TR = T ,

y T
Fy = 0

Fnety = TLy + TRy − w = 0.

TLy TRy T

TL = TR = T

sin (5.0º) =
TLy
TL

TLy = TL sin (5.0º) = T sin (5.0º)

sin (5.0º) =
TRy
TR

TRy = TR sin (5.0º) = T sin (5.0º).



TLy TRy

Fnety = TLy + TRy − w = 0
Fnety = T sin (5.0º) + T sin (5.0º) − w = 0
2 T sin (5.0º) − w = 0
2 T sin (5.0º) = w

T = w
2 sin (5.0º) = mg

2 sin (5.0º),

T = (70.0 kg)(9.80 m/s2)
2(0.0872) ,

T = 3900 N.

T = w
2 sin (θ).

T F⊥

T = F⊥
2 sin (θ).

θ T θ

θ = 0 sin θ = 0

T = F⊥
2 sin (θ) θ T

F⊥





T FT
w

FT FT
T = - w

Fnet = ma

Fnet x = ma,



Fnet y = 0.

2.7×105 N 3.6×105 N

Fx Fy

Fapp Fapp

5.0×106 kg 7.5×10−2 m/s2

Fapp

Fapp =Fx + Fy

FD Fapp

Fapp

FD

Fx Fy Fapp



Fapp = Fx
2 + Fy

2

Fapp = (2.7×105 N)2 + (3.6×105 N)2 = 4.5×105 N.

θ = tan−1⎛⎝
Fy
Fx

⎞
⎠

θ = tan−1⎛⎝3.6×105 N
2.7×105 N

⎞
⎠ = 53º,

FD
Fapp Fapp

Fapp

Fnet = Fapp − FD.

Fnet = ma.

Fapp − FD = ma.

FD

FD = Fapp − ma.

FD = (4.5×105 N) − (5.0×106 kg)(7.5×10–2 m/s2 ) = 7.5×104 N.

FD Fapp 53º

FD



T1 T2

Fnetx = T2x − T1x = 0.



T1x = T2x.

T1 T2

T1 cos (30º) = T2 cos (45º).

T2 = (1.225)T1.

T1 T2 T2
T1 T1

Fnet y = T1y + T2y − w = 0.

T1y + T2y = w.

T1 sin (30º) + T2 sin (45º) = w.

T2 T1

T1(0.500) + (1.225T1)(0.707) = w = mg,

(1.366)T1 = (15.0 kg)(9.80 m/s2).

T1

T1 = 108 N.

T2 T2 T1

T2 = 132 N.

1.20 m/s2



T
w ws we Fs
Fp Ft N

Fp

w
Fs Fp Fs

Fs

Fnet = ma.

Fnet = Fs − w

Fs − w = ma.

Fs

Fs = ma + w,

w = mg

Fs = ma + mg.



a = 1.20 m/s2

Fs = (75.0 kg)(1.20 m/s2 ) + (75.0 kg)(9.80 m/s2),

Fs = 825 N.

Fnet = ma = 0 = Fs − w
Fs = w = mg
Fs = (75.0 kg)(9.80 m/s2)
Fs = 735 N.

a = Δv
Δt Δv = 0

Fs = ma + mg = 0 + mg.

Fs = (75.0 kg)(9.80 m/s2),

Fs = 735 N.

a

g



Δv = 8.00 m/s
Δt = 2.50 s

a = Δv
Δt .

a = 8.00 m/s
2.50 s

= 3.20 m/s2.

Fnet = ma.

m a

Fnet = (70.0 kg)(3.20 m/s2)
= 224 N.



10−38 ∞

10 – 2 ∞

10 – 13 10–18 m W+ W – Z0

1 10–15 m

W+ W− Z0



w = mg



Fp1

FB Fp2

F′B
Fexch F′exch





Fnet m
a

a = Fnet
m

w m w = mg g

a

a = Fnet
m

Fnet = ma
w m

g



w = mg.

N

N = mg.
θ

w⊥ w ∥

w ∥ = w sin (θ) = mg sin (θ)

w⊥ = w cos (θ) = mg cos (θ).
T

T = mg.

x Fnet x = 0
Fnet x = ma

Fnet = ma Fnet = 0





g



4.20 m/s2

0.893 m/s2

F

F

196 m/s2

2.4×104

3.50 m/s2

49.0 m/s2

201 m/s2



2.40×104 m/s2

1.20 m/s2

7.50 m/s2

8.00×10−5 kg

12º

1.50 m/s2

F⊥

T = F⊥
2 sin (θ)

T1
T2

5.00×105-kg

1.250×107 N
4.50×106 N

1.80 m/s2



8.00×104 -kg

5.50×104 kg

5.00×10–2 m/s2

7.50×105 N

1.75×104 N

0.150 m/s2

0.550 m/s2

F1 F2
Ftot

F1 F2

Ftot

F1 F2

F1 F2

Fapp



35.0º

1.20 m/s2

1.50×106 kg

2.00×106 N

1.20×10−5 N

0.500×10−6 N

6.00×10−7 kg



T2

T1

2.00×106 kg

3.50×107 N

10.0º

1.20 m/s2

0.600 m/s2

0.400 m/s2


