


Δθ

Δθ = Δs
r .

Δθ
Δt



Δθ Δs

Δs r

r
2πr

Δθ = 2πr
r = 2π.

Δθ

2π rad = 1 revolution.

30º π
6

60º π
3

90º π
2

120º 2π
3

135º 3π
4

180º π



Δθ (Δs)
(r)

Δθ = 2π
360º

2π rad = 360º

1 rad = 360º
2π ≈ 57.3º.

ω

ω = Δθ
Δt ,

Δθ Δt

ω v
Δs Δt

v = Δs
Δt .

Δθ = Δs
r Δs = rΔθ v

v = rΔθ
Δt = rω.

v = rω or ω = v
r .

v = rω or ω = v
r v

r v
v = rω or ω = v

r
v

v ω v = rω
ω v



v ω
v v = rω r

15.0 m/s 54 km/h

v = 15.0 m/s.
r = 0.300 m. v r v = rω, ω = v

r

ω = v
r .

ω = 15.0 m/s
0.300 m = 50.0 rad/s.

ω = (15.0 m/s) / (1.20 m) = 12.5 rad/s.

ω v



ac



Δv
ac = Δv / Δt ac

Δθ Δs Δr

r Δs
v1 = v2 = v

Δv
v = Δs

r .

Δv / Δt Δv

Δv = v
rΔs.

Δt

Δv
Δt = v

r×Δs
Δt .

Δv / Δt = ac Δs / Δt = v

ac = v2
r ,

r v
ac

ac

ac v = rω

ac = (rω)2 / r = rω2

ac = v2
r ; ac = rω2.

ac



(g)
g

v r ac = v2
r ; ac = rω2

v = 25.0 m/s r = 500 m ac

ac = v2
r = (25.0 m/s)2

500 m = 1.25 m/s2.

(g = 9.80 m/s2)
ac / g = ⎛

⎝1.25 m/s2⎞⎠ / ⎛⎝9.80 m/s2⎞⎠ = 0.128 ac = 0.128 g



7.5 × 104 rev/min.

ω r ac = v2
r ; ac = rω2

7.50×104 rev / min 2πrad

ω = 7.50×104 rev
min×2π rad

1 rev × 1 min
60.0 s = 7854 rad/s.

ac = v2
r ; ac = rω2

ac = rω2.

ac = (0.0750 m)(7854 rad/s)2 = 4.63×106 m/s2.



ac g

ac
g = 4.63×106

9.80 = 4.72×105.

g ω

F = ma a = ac
Fc

Fc = mac.

ac ac = v2
r ; ac = rω2

Fc

Fc = mv2
r ; Fc = mrω2.

Fc
ac

r

r = mv2
Fc

.



Fc r v
Fc r′

Fc = mv2
r

Fc = mv2
r = (900 kg)(25.0 m/s)2

(500 m) = 1125 N.

μs N μs
N = mg

Fc = f = μsN = μsmg.

Fc

Fc = mv2
r

Fc = mrω2

⎫
⎭
⎬,

mv2
r = μsmg.

μs



μs = v2
rg .

μs = (25.0 m/s)2

(500 m)(9.80 m/s2)
= 0.13.

Fc = mv2
r

Fc = mrω2

⎫
⎭
⎬, m, v, r

μs N

θ
θ

θ

θ

w N

mv2 /r



N sin θ = mv2
r .

N cos θ

N cos θ = mg.

N θ
N = mg / (cos θ)

mg sin θ
cos θ = mv2

r

mg tan(θ) = mv2
r

tan θ = v2
rg.

θ = tan−1⎛⎝v2
rg
⎞
⎠ (ideally banked curve, no friction).

θ v r θ v
r

θ

tan θ = v2
rg



v = (rg tan θ)1 / 2.

v = ⎡
⎣(100 m)(9.80 m/s2)(2.14)⎤⎦

1 / 2

= 45.8 m/s.



Fnet = 0 Fcentripetal









m M r

F = GmM
r2 ,

F G G

G = 6.674×10−11N ⋅ m2

kg2

G F = GmM
r2

6.674×10−11 N

6×1024 kg

g 9.80 m/s2

F

mg = GmM
r2 ,

m M r
m g

g = GM
r2.

g =
⎛
⎝
⎜6.67×10−11N ⋅ m2

kg2
⎞
⎠
⎟× 5.98×1024 kg

(6.38×106 m)2,

g = 9.80 m/s2.



r
3.84×108 m

g M

g = GM
r2 =

⎛
⎝
⎜6.67×10−11N ⋅ m2

kg2
⎞
⎠
⎟× 5.98×1024 kg

(3.84×108 m)2

= 2.70×10−3 m/s.2

ac = v2
r

ac = rω2

⎫
⎭
⎬.

ac = rω2,
ω

1 d×24hr
d ×60min

hr ×60 s
min = 86,400 s

ω = Δθ
Δt = 2π rad

(27.3 d)(86,400 s/d) = 2.66×10−6rads .

ac = rω2 = (3.84×108 m)(2.66×10−6 rad/s)2

= 2.72×10−3 m/s.2



90º



90º



G

G

G

G
M

mg = GmM
r2 ,

m M r
m g

g = GM
r2.

M

M = gr2

G .



M r
G

G

m
M

m M M
M m M



f1 f2

m M

T1
 2

T2
 2 = r1

 3

r2
 3,

T r



m m
M

3.84×108 m

T1
 2

T2
 2 = r1

 3

r2
 3 T2

r1 = 3.84×108 m
T1 = 27.3 d

r2 = (1500 + 6380) km = 7880 km T2

T1
 2

T2
 2 = r1

 3

r2
 3.

T2

T2
 2 = T1

 2 ⎛
⎝
r2
r1

⎞
⎠

3

T2 = T1
⎛
⎝
r2
r1

⎞
⎠

3 / 2
.

T2 = 27.3 d×24.0 h
d ×⎛⎝ 7880 km

3.84×105 km
⎞
⎠

3 / 2

= 1.93 h.



m M
m

Fnet = mac = mv2
r .

m Fnet

GmM
r2 = mv2

r .

m

GM
r = v2.

m
r

T
T v

v = 2πr
T .

GM
r = 4π2 r2

T 2 .

T 2

T 2 = 4π2
GMr3.

T1
 2

T2
 2 = r1

 3

r2
 3.

M

T 2 = 4π2
GMr3 r3 / T 2

M

r3

T 2 = G
4π2M.

r T M
r3 / T 2

r3 / T 2 = GM / 4π2

r3 / T 2

r T



3.84×105 1.01×1019

5.79×107 3.34×1024

1.082×108 3.35×1024

1.496×108 3.35×1024

2.279×108 3.35×1024

7.783×108 3.35×1024

1.427×109 3.35×1024

4.497×109 3.35×1024

5.90×109 3.33×1024

4.22×105 3.19×1021

6.71×105 3.20×1021

1.07×106 3.19×1021

1.88×106 3.20×1021



ω

Δs



Δθ = Δs
r

Δθ

Δθ = Δs
r ,

Δs r
Δθ

2π rad = 360º= 1 revolution.
1 rad = 57.3º

ω

ω = Δθ
Δt ,

Δθ Δt
v ω

v = rω or ω = v
r .

ac
v

ac = v2
r ; ac = rω2.

m / s2

Fc
v

Fc = mac,

Fc = mv2
r

or
Fc = mrω2

,

⎫

⎭
⎬
⎪
⎪

F = GmM
r2 ,

G



G = 6.674×10–11 N ⋅ m2/kg2

m M

T1
 2

T2
 2 = r1

 3

r2
 3,

T r
M

T 2 = 4π2
GMr3

r3

T 2 = G
4π2M.







m/s2

9.80 m/s2



6.4×106 m

4×109

1.5 ×1011

g

g



9.80 m/s2

1.00×10−15 kg



θ
v r

θ = tan–1 v2 / rg

θ

θ v
r

10 g

θ
10 g

θ



g

9.830 m/s2

5.979×1024 kg

6.418×1023 kg 3.38×106 m

ac = v2 / r

6.29×1011 m

4.50×1012 m
1.4×1022 kg

2.50×1012 m

8.62×1025 kg



2.60 x 108 y
3.00 x 104

8.0×1011

6.0×104

6.0×107

90º


