


p = mv.

p v
kg · m/s

p = mv.

p

p = mv

pplayer = ⎛
⎝110 kg⎞

⎠(8.00 m/s) = 880 kg · m/s

pball = ⎛
⎝0.410 kg⎞

⎠(25.0 m/s) = 10.3 kg · m/s



pplayer
pball

= 880
10.3 = 85.9.

Fnet = Δp
Δt ,

Fnet Δp Δt

Fnet = Δp
Δt

Fnet =ma
Δp

Δp = Δ⎛
⎝mv⎞

⎠.

Δ(mv) = mΔv.

Fnet = Δp
Δt = mΔv

Δt .

Δv
Δt = a

Fnet =ma



Fnet = Δp
Δt .

Δp = mΔv = m(vf − vi).

Δp Fnet = Δp
Δt

Δp = m(vf – vi)
= ⎛

⎝0.057 kg⎞
⎠(58 m/s – 0 m/s)

= 3.306 kg · m/s ≈ 3.3 kg · m/s

Fnet = Δp
Δt

Fnet = Δp
Δt = 3.306 kg ⋅ m/s

5.0×10−3 s
= 661 N ≈ 660 N,

Fnet = ma

Δp

Fnet = Δp
Δt

Δp = FnetΔt,

Fnet Δt

Δp = FnetΔt

Fnet Δt



30º
30º

x
y

+x
−x y

x

−x
−x

u m x
y

pxi = mu; pyi = 0
pxf = −mu; pyf = 0

x −2mu y

pxi = mu cos 30º; pyi = –mu sin 30º
pxf = – mu cos 30º; pyf = −mu sin 30º

px py x
−2mu cos 30º y

2mu
2mu cos 30º = 2

3
= 1.155.

x
x



Δt

Feff

t1 t2
Feff t1 t2

x y

m2) m1).



m1 v1 m2 v2
v′1 v′2

ptot

Δp1 = F1Δt,

F1 Δt

Δp2 = F2Δt,

F2 Δt
F2 = – F1

Δp2 = −F1Δt = −Δp1.

Δp1 + Δp2 = 0.

p1 + p2 = constant,
p1 + p2 = p′1 + p′2,

p′1 p′2

ptot = constant,

ptot = p′tot,

ptot p′tot



⎛
⎝Fnet = 0⎞

⎠.

ptot = constant
ptot = p′tot (isolated system)

⎛
⎝Fnet = 0⎞

⎠.

Fnet = Δptot
Δt

⎛
⎝Fnet = 0⎞

⎠ Δptot = 0 ptot

x y z

Fx – net
Fy – net





p1 + p2 = p′1+ p′2
⎛
⎝Fnet = 0⎞

⎠

m1 v1 + m2v2 = m1v′1 + m2v′2
⎛
⎝Fnet = 0⎞

⎠,

1
2m1 v1

2 + 1
2m2 v2

2 = 1
2m1 v′1

2 + 1
2m2 v′2

2 (two-object elastic collision)



m1 = 0.500 kg, m2 = 3.50 kg, v1 = 4.00 m/s, and v2 = 0.

v′1 v′2

v2 = 0

v2 = 0

p1 = p′1 + p′2

m1 v1 = m1v′1 + m2v′2.

v2 = 0

1
2m1 v1

2 = 1
2m1 v′1

2 + 1
2m2 v′2

2.

v′2

v′2 = m1
m2

⎛
⎝v1 − v′1

⎞
⎠.

v′2
v′1

v′1 = 4.00 m/s

v′1 = −3.00 m/s.

(v′1 = −3.00 m/s)
v′1

v′2 = m1
m2

⎛
⎝v1 − v′1

⎞
⎠ = 0.500 kg

3.50 kg
⎡
⎣4.00 − (−3.00)⎤

⎦ m/s

v′2 = 1.00 m/s.



1
2mv2 + 1

2mv2 = mv2



p1 + p2 = p′1 + p′2

m1 v1 + m2v2 = m1v′1 + m2v′2.

v2 = 0
v′1 = v′2 = v′

m1 v1 = (m1 + m2)v′.

v′

v′ = m1
m1 + m2

v1.

v′ = ⎛
⎝

0.150 kg
0.150 kg + 70.0 kg

⎞
⎠(35.0 m/s) = 7.48×10−2 m/s.

KEint
KEint

KEint = 1
2mv2 = 1

2
⎛
⎝0.150 kg⎞

⎠(35.0 m/s)2

= 91.9 J.

KE′int = 1
2(m + M)v2 = 1

2
⎛
⎝70.15 kg⎞

⎠
⎛
⎝7.48×10−2 m/s⎞⎠

2

= 0.196 J.



KE′int − KEint = 0.196 J − 91.9 J
= − 91.7 J

KEint

(c)
c

c c = (h / H)1 / 2 h
H c



c = 0.85

m1

2.00 m/s
m2 −0.500 m/s

−4.00 m/s

Fnet = 0

m1 v1 + m2v2 = m1v′1 + m2v′2 .

v′2 v′2

v′2 = m1 v1 + m2v2 − m1 v′1
m2

=
⎛
⎝0.350 kg⎞

⎠(2.00 m/s) + ⎛
⎝0.500 kg⎞

⎠(−0.500 m/s)
0.500 kg −

⎛
⎝0.350 kg⎞

⎠(−4.00 m/s)
0.500 kg

= 3.70 m/s.

KEint = 1
2m1 v1

2 + 1
2m2 v2

2

= 1
2

⎛
⎝0.350 kg⎞

⎠(2.00 m/s)2 + 1
2

⎛
⎝0.500 kg⎞

⎠( – 0.500 m/s)2

= 0.763 J.

KE′int = 1
2m1 v′1

2 + 1
2m2 v′2

2

= 1
2

⎛
⎝0.350 kg⎞

⎠(-4.00 m/s)2 + 1
2

⎛
⎝0.500 kg⎞

⎠(3.70 m/s)2

= 6.22 J.

KE′int − KEint = 6.22 J − 0.763 J
= 5.46 J.



Fnet = 0 p

x y (px and py) py px

m2 v1 x

x

p1x + p2x = p′1x + p′2x.

m1 v1x + m2v2x = m1v′1x + m2v′2x.

m1 v1x = m1v′1x + m2v′2x.

x v cos θ x
v1x = v1

x

m1 v1 = m1v′1 cos θ1 + m2v′2 cos θ2,

θ1 θ2

x
m1 v1 = m1v′1 cos θ1 + m2v′2 cos θ2

y

p1y + p2y = p′1y + p′2y



m1 v1y + m2v2y = m1v′1y + m2v′2y.

v1y x v2y

y

0 = m1v′1y + m2v′2y.

y v sin θ

y

0 = m1v′1 sin θ1 + m2v′2 sin θ2.
y

0 = m1v′1 sin θ1 + m2v′2 sin θ2

x y

(m1)
(m2)

45.0º

(v′2 θ2)

m2 x x
y

v′2 θ2

x y

m1 v1 = m1v′1 cos θ1 + m2v′2 cos θ2 v2′ cos θ2 0 = m1v′1 sin θ1 + m2v′2 sin θ2

v′2 sin θ2
⎛
⎝tan θ = sin θ

cos θ
⎞
⎠

tan θ2 = v′1 sin θ1
v′1 cos θ1 − v1

.

tan θ2 = (1.50 m/s)(0.7071)
(1.50 m/s)(0.7071) − 2.00 m/s = −1.129.

θ2 = tan−1(−1.129) = 311.5º ≈ 312º.

m2
x y



v′2

v′2 = −m1
m2

v′1
sin θ1
sin θ2

v′2 = −⎛
⎝
0.250 kg
0.400 kg

⎞
⎠(1.50 m/s)⎛⎝ 0.7071

−0.7485
⎞
⎠.

v′2 = 0.886 m/s.

m1
m2 m1

(m2)

1
2mv1

2 = 1
2mv′1

2 + 1
2mv′2

2.

m1 = m2 = m
x y

1
2mv1

2 = 1
2mv′1

2 + 1
2mv′2

2 + mv′1v′2 cos⎛
⎝θ1 − θ2

⎞
⎠.

θ2

mv′1 v′2 cos⎛
⎝θ1 − θ2

⎞
⎠ = 0.

v′1 = 0
v′2 = 0
cos(θ1 − θ2) = 0 (θ1 − θ2) 90º

90º



m v
mv Δt Δm

ve (m − Δm) (v + Δv)
Δt

Δp = −mgΔt

Δt

a = ve
m

Δm
Δt − g

g

a = ve
m

Δm
Δt − g,

a ve m Δm
Δt



m v −mg
Δt

ve ve

2.5×103 m/s
Δm / Δt (Δm / Δt)ve

m
m

ve

2.80×106 kg 1.40×104 kg/s
2.40×103 m/s

a



a = ve
m

Δm
Δt − g

= 2.40×103 m/s
2.80×106 kg

⎛
⎝1.40×104 kg/s⎞⎠ − 9.80 m/s2

= 2.20 m/s2 .

m ve Δm
Δt
3.36×107 N

v = ve ln m0
mr ,

ln⎛
⎝m0 / mr

⎞
⎠ (m0) (mr)

v

11.2×103 m/s
ve = 2.5×103 m/s

ln m0
mr = v

ve = 11.2×103 m/s
2.5×103 m/s

= 4.48

m0 / mr

m0
mr = e4.48 = 88.

mr = m0
88 .

1 / 88 87 / 88

mr m0 / 180





p
p = mv,

m v
kg · m/s

Fnet = Δp
Δt ,

Fnet Δp Δt

Δp = FnetΔt.

ptot = constant

ptot = p′tot (isolated system),
ptot p′tot

⎛
⎝Fnet = 0⎞

⎠.

x

x m1 v1 = m1v′1 cos θ1 + m2v′2 cos θ2
y 0 = m1v′1y +m2v′2y

1
2mv1

2 = 1
2mv′1

2 + 1
2mv′2

2 + mv′1v′2 cos⎛
⎝θ1 − θ2

⎞
⎠.



a = ve
m

Δm
Δt − g



θ1
θ1 b

θ1
b



7.50 m/s

600 m/s
7.40 m/s

1.60×109 kg · m/s
48.0 km/h?

1200 m/s

2.00×104-kg
1.60×109 kg · m/s

60.0 m/s

1.20×104 kg 10.0 m/s

5.4 m/s

5.972×1024 kg
1.496×1011 m

4.00×103 m/s 6.00×10 – 8 s

1.00×107 kg

1.76×104 N 5.50×10–2 s



60º +x
60º −x

55º

−0.120 m/s

4.00×103 kg 7.50×103 kg

6.00×107 kg

4.00×103 kg 7.50×103 kg



⎛
⎝239 Pu⎞

⎠

⎛
⎝4 He + 235 U⎞

⎠

8.40×10 – 13 J

6.68×10 – 27 kg
3.92×10 – 25 kg

5.00×1012 kg

7.36×1022 kg

1.20×104 kg

30.0º

θ1 − θ2 = 90º

x y

20.0º

85.0º



⎛
⎝4 He⎞⎠

⎛
⎝197 Au⎞

⎠

8.00×10−13 J
6.68×10−27 kg

3.29×10−25 kg
120º

8.00 m/s
17.0 m/s

x
y

m1 v1 = m1v′1 cos θ1 + m2v′2 cos θ2
0 = m1v′1 sin θ1 + m2v′2 sin θ2

x y

1
2mv1

2 = 1
2mv′1

2+1
2mv′2

2+mv′1v′2 cos ⎛
⎝θ1 − θ2

⎞
⎠

2.50×103 m/s?

1.6 m/s2

2.20×103 m/s?

2.00×103 m/s

8.00×106 m/s

4.50×10−6 kg/s

2.40×103 m/s

⎛
⎝9.80 m/s2⎞⎠

8.00 km/s
2.20×103 m/s?

30.0 m

20.0º

12.0 m/s




