
MOMENTUM
Chapter 8



LINEAR MOMENTUM
• Since conservation of energy is such a useful concept, we might wonder 

if there are any other conserved quantities. It turns out there are.

• Linear momentum is a property that is generally conserved in collisions.  
It is the product of mass and velocity.

• Linear momentum doesn’t have it’s own unit.

<latexit sha1_base64="Mt7aPxalSnsKHw/ssnjTbs8VPwo=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuCqTUnpZCEU3LivYC7RDyaRpG5rMDEmmMAzjq7hxoYhbH8Sdb2OmraCiBwIf/38O5+T3Qs6UdpwPK7exubW9k98t7O0fHB7ZxyddFUSS0A4JeCD7HlaUM592NNOc9kNJsfA47Xnz68zvLahULPDvdBxSV+CpzyaMYG2kkV0cLihJwhReQgGXvEhHdskpO46DEIIZoHrNMdBsNiqoAVFmmSqBdbVH9vtwHJBIUF8TjpUaICfUboKlZoTTtDCMFA0xmeMpHRj0saDKTZbHp/DcKGM4CaR5voZL9ftEgoVSsfBMp8B6pn57mfiXN4j0pOEmzA8jTX2yWjSJONQBzJKAYyYp0Tw2gIlk5lZIZlhiok1eBRPC10/h/9CtlFGtXL2tllpX6zjy4BScgQuAQB20wA1ogw4gIAYP4Ak8W/fWo/Viva5ac9Z6pgh+lPX2CYtElLw=</latexit>

~p = m~v



EXAMPLE 8.1
• Calculating Momentum: A Football Player and a Football: 

(a) Calculate the momentum of a 110-kg football player running at 8.00 
m/s. (b) Compare the player’s momentum with the momentum of a hard-
thrown 0.410-kg football that has a speed of 25.0 m/s.

m = 110 kg
v = 8 m/s

mfb = 0.410 kg
vfb = 25 m/s

<latexit sha1_base64="zNR8Di1+vErY2O0UMjYE5vEp6OU="></latexit>

p = mv = (110kg)(8m/s) = 880kgm/s

<latexit sha1_base64="5qapJj2iFRQZdG783HE3qPSq/Lw="></latexit>

pfb = mfbvfb = (0.410kg)(25m/s) = 10.3kgm/s



MOMENTUM AND NEWTONS LAWS

• Now that we know about momentum we can see a new way or 
writing Newton’s second law.

• if m is constant then we see that Δp = m Δv and since a = Δv/Δt we 
recover F=ma.  The advantage of writing it in terns of momentum is 
that if the mass is not conserved this formula still works.

<latexit sha1_base64="OE3aMtOcj7B9qWFslNURsHB7aOQ=">AAACDXicdVBNSwMxFMzWr1q/qh69BKvgqWyKaD0IRUU8KthWaEvJpq8ams0uyVuhLP0DXvwrXjwo4tW7N/+NWa2gogOBycwbkjdBrKRF33/zchOTU9Mz+dnC3PzC4lJxeaVho8QIqItIReYi4BaU1FBHiQouYgM8DBQ0g8Fh5jevwVgZ6XMcxtAJ+aWWfSk4Oqlb3DjuphpwRPdpSttHoJDTmLYjl/m64qhbLPll3/cZYzQjbHfHd2Rvr1phVcoyy6FExjjtFl/bvUgkIWgUilvbYn6MnZQblELBqNBOLMRcDPgltBzVPATbST+2GdFNp/RoPzLuaKQf6vdEykNrh2HgJkOOV/a3l4l/ea0E+9VOKnWcIGjx+VA/URQjmlVDe9KAQDV0hAsj3V+puOKGC3QFFlwJX5vS/0mjUmY75e2z7VLtYFxHnqyRdbJFGNklNXJCTkmdCHJD7sgDefRuvXvvyXv+HM1548wq+QHv5R3XgZrT</latexit>

Fnet =
�p

�t



EXAMPLE 8.2
• Calculating Force: Venus Williams’ Racquet: During the 2007 French Open,  Venus Williams hit the 

fastest recorded serve in a premier women’s match, reaching a speed of 58 m/s (209 km/h). What is the average 
force exerted on the 0.057-kg tennis ball by Venus Williams’ racquet, assuming that the ball’s speed just after impact 
is 58 m/s, that the initial horizontal component of the velocity before impact is negligible, and that the ball remained 
in contact with the racquet for 5.0 ms (milliseconds)?

v = 58m/s
m = 0.057kg
t = 5.0ms = 0.005 s

F = ?

<latexit sha1_base64="OE3aMtOcj7B9qWFslNURsHB7aOQ=">AAACDXicdVBNSwMxFMzWr1q/qh69BKvgqWyKaD0IRUU8KthWaEvJpq8ams0uyVuhLP0DXvwrXjwo4tW7N/+NWa2gogOBycwbkjdBrKRF33/zchOTU9Mz+dnC3PzC4lJxeaVho8QIqItIReYi4BaU1FBHiQouYgM8DBQ0g8Fh5jevwVgZ6XMcxtAJ+aWWfSk4Oqlb3DjuphpwRPdpSttHoJDTmLYjl/m64qhbLPll3/cZYzQjbHfHd2Rvr1phVcoyy6FExjjtFl/bvUgkIWgUilvbYn6MnZQblELBqNBOLMRcDPgltBzVPATbST+2GdFNp/RoPzLuaKQf6vdEykNrh2HgJkOOV/a3l4l/ea0E+9VOKnWcIGjx+VA/URQjmlVDe9KAQDV0hAsj3V+puOKGC3QFFlwJX5vS/0mjUmY75e2z7VLtYFxHnqyRdbJFGNklNXJCTkmdCHJD7sgDefRuvXvvyXv+HM1548wq+QHv5R3XgZrT</latexit>

Fnet =
�p

�t

<latexit sha1_base64="dhpSFzWWyuIeVtPVn8B2sqZs84A=">AAAB/nicdVDLSkMxFMz1WeurKq7cHCyCG0tSSh8LoejGZQX7gLaU3DRtQ3MfJLmFcin4K25cKOLW73Dn35jbVlDRgcAwM4dzMm4ohTYYfzgrq2vrG5uprfT2zu7efubgsKGDSDFeZ4EMVMulmkvh87oRRvJWqDj1XMmb7vg68ZsTrrQI/DszDXnXo0NfDASjxkq9zDFcQgzeBC4AQyewUQAz62WyOIcxJoRAQkipiC2pVMp5UgaSWBZZtEStl3nv9AMWedw3TFKt2wSHphtTZQSTfJbuRJqHlI3pkLct9anHdTeenz+DM6v0YRAo+3wDc/X7REw9raeea5MeNSP920vEv7x2ZAblbiz8MDLcZ4tFg0iCCSDpAvpCcWbk1BLKlLC3AhtRRZmxjaVtCV8/hf9JI58jxVzhtpCtXi3rSKETdIrOEUElVEU3qIbqiKEYPaAn9OzcO4/Oi/O6iK44y5kj9APO2ycsJpO9</latexit>

=
mv � 0

t

<latexit sha1_base64="j2wYDZ3MRLDfH8zHe/DefY/VeKg="></latexit>

=
(0.057kg)(58m/s)

0.005s
= 660N



IMPULSE

• The effect of a force is to change momentum.  The longer the force is 
applied the more the momentum will change. Impulse is a measure 
of this. For a constant force

• Note we won’t use a special symbol for this and the units are the 
same as momentum. 

<latexit sha1_base64="F7YseEqAZGMF7grVKEyKJHSzuLQ=">AAACBXicdVA9SwNBEN3zM8avqKUWi0GwCrcSYiyEoCKWEYwKSQh7m4ku2ds7dueEcKSx8a/YWChi63+w89+4FyOo6IOBx3szzMwLYiUt+v67NzE5NT0zm5vLzy8sLi0XVlbPbZQYAQ0RqchcBtyCkhoaKFHBZWyAh4GCi6B/mPkXN2CsjPQZDmJoh/xKy54UHJ3UKWy0jkAhpzHdp8edVAMO6VhC2ikU/ZLv+4wxmhG2W/Ed2dur7rAqZZnlUCRj1DuFt1Y3EkkIGoXi1jaZH2M75QalUDDMtxILMRd9fgVNRzUPwbbT0RdDuuWULu1FxpVGOlK/T6Q8tHYQBq4z5Hhtf3uZ+JfXTLBXbadSxwmCFp+LeomiGNEsEtqVBgSqgSNcGOlupeKaGy7QBZd3IXx9Sv8n5zslVimVT8vF2sE4jhxZJ5tkmzCyS2rkhNRJgwhyS+7JI3ny7rwH79l7+Wyd8MYza+QHvNcPfo2XUw==</latexit>

�p = Fnet�t



Casino Royal (2006)

How much force does it take to stop his fall from the crane?



We can estimate the height of the crane above the roof from the size of 
the people at about 6.5 meters. Neglecting air resistance and using energy 

conservation we can find his velocity as he impacts the roof.
1

2
mv2 = mgh

v =
p

2gh =
p

2(9.8m/s2)(6.5m) = 11.3m/s

When either man lands on the roof their y momentum will go from mv to 0. If 
we take the force that causes this momentum change to be constant we have

Much better. This is why extending the time to stop the fall is a critical part of arts like freerunning.

F =
(65kg)(11.3m/s)

0.5s
= 1469N

F =
(80kg)(11.3m/s)

0.1s
= 9040N

Let's say Bond's mass is 80kg and he takes 
0.1s to stop his fall. Then the force would be

Ouch! That's going to hurt. Let's say Foucan's 
mass is 65kg and he takes 0.5s to stop his fall

<latexit sha1_base64="PcEArqq6OVhbzwDEdHLVxeu88rc="></latexit>

�p = Ft ! F =
�p

t



CONSERVATION OF MOMENTUM
• We have seen that force will change momentum, but what if there is no 

net force on a system. Then the momentum will be conserved.

• The most common example is a collision between two objects.  Though 
any situation where there is no net outside force will conserve 
momentum.

• If a collision also conserves kinetic energy it is called an elastic collision. 
Otherwise it is called an inelastic collision.



EXAMPLE 8.4
• Calculating Velocities Following an Elastic Collision: 

Calculate the velocities of two objects following an elastic collision, given 
that 𝑚1=0.500 kg, 𝑚2=3.50 kg, 𝑣1=4.00 m/s, and v2=0.

m1 m2

v1

<latexit sha1_base64="uRqqAFajrdxP2VZ/qrtRfVZ/eAg=">AAAB+nicdVDLSgMxFM34rPU11aWbYJEKQklK6WMhFERwWcE+oB2GTJq2oZkHSUYpYz/FjQtF3Pol7vwbM20FFT2Q3MM595Kb40WCK43Qh7Wyura+sZnZym7v7O7t27mDtgpjSVmLhiKUXY8oJnjAWpprwbqRZMT3BOt4k4vU79wyqXgY3OhpxByfjAI+5JRoI7l2LnIxPIfmLsAzU0oF186jIkIIYwxTgqsVZEi9XivhGsSpZZAHSzRd+70/CGnss0BTQZTqYRRpJyFScyrYLNuPFYsInZAR6xkaEJ8pJ5mvPoMnRhnAYSjNCTScq98nEuIrNfU90+kTPVa/vVT8y+vFelhzEh5EsWYBXTw0jAXUIUxzgAMuGdViagihkptdIR0TSag2aWVNCF8/hf+TdqmIK8XydTnfuFzGkQFH4BicAgyqoAGuQBO0AAV34AE8gWfr3nq0XqzXReuKtZw5BD9gvX0Cz+yRzg==</latexit>

p1 = p01 + p02
<latexit sha1_base64="hqmLEfBQKgNvkRjT08N37xBJVDE=">AAACBHicdZDLSgMxFIYz9VbrbdRlN8EiFYQyGUovC6EggssK9gLtMGTSTBuauZBkCqV04cZXceNCEbc+hDvfxkxbQUUPHPj4/3NIzu/FnEllWR9GZm19Y3Mru53b2d3bPzAPj9oySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO0440vU78zoUKyKLxV05g6AR6GzGcEKy25Zj5wEZzovoCaNBThuSZ74tpF1yxYJcuyEEIwBVStWBrq9ZqNahCllq4CWFXTNd/7g4gkAQ0V4VjKHrJi5cywUIxwOs/1E0ljTMZ4SHsaQxxQ6cwWR8zhqVYG0I+E7lDBhfp9Y4YDKaeBpycDrEbyt5eKf3m9RPk1Z8bCOFE0JMuH/IRDFcE0EThgghLFpxowEUz/FZIRFpgonVtOh/B1Kfwf2nYJVUrlm3KhcbWKIwvy4AScAQSqoAGuQRO0AAF34AE8gWfj3ng0XozX5WjGWO0cgx9lvH0CTk6VXA==</latexit>

m1v1 = m1v
0
1 +m2v

0
2

<latexit sha1_base64="LnUAlTW6QtOcN9ySvevDp56l+Mk="></latexit>

1

2
m1v

2
1 =

1

2
m1v

02
1 +

1

2
m2v

02
2

<latexit sha1_base64="XRkS5vSoPOsVj4MMABKG1OFhwp0="></latexit>

v02 =
m1

m2
(v1 � v01)

<latexit sha1_base64="8ls4MyN6x8f41moz+PA0itkCW2I="></latexit>

m1(v
2
1 � v021 ) = m2(

m1

m2
(v1 � v01))

2

<latexit sha1_base64="k9DyS0anbCOs3SXZTuKqCmT0oBs="></latexit>

(m1 +m2)v
02
1 + 2m1v1v

0
1 + (m1 �m2)v1 = 0

<latexit sha1_base64="IcaDMHnQT0u8/SJ4Z8YPLldTRYY=">AAAB/3icdZDLSgMxFIYz9VbrbVRw4yZYRDeWZCi9LISCCC4r2Au0Y8mkaRuauZBkCqV24au4caGIW1/DnW9jpq2gogdCPv7/HHLye5HgSiP0YaWWlldW19LrmY3Nre0de3evrsJYUlajoQhl0yOKCR6wmuZasGYkGfE9wRre8CLxGyMmFQ+DGz2OmOuTfsB7nBJtpI59MOrgk1sHnsEEzIUdeA5Rx86iHEIIYwwTwMUCMlAulxxcgjixTGXBoqod+73dDWnss0BTQZRqYRRpd0Kk5lSwaaYdKxYROiR91jIYEJ8pdzLbfwqPjdKFvVCaE2g4U79PTIiv1Nj3TKdP9ED99hLxL68V617JnfAgijUL6PyhXiygDmESBuxyyagWYwOESm52hXRAJKHaRJYxIXz9FP4PdSeHC7n8dT5buVzEkQaH4AicAgyKoAKuQBXUAAV34AE8gWfr3nq0XqzXeWvKWszsgx9lvX0CjWaSnQ==</latexit>

v021 � v01 � 12 = 0
<latexit sha1_base64="3v8i8iQUJ3KCijxkNcE1gxCNas8="></latexit>

v01 =
�b±

p
b2 � 4ac

2a

<latexit sha1_base64="RFi0iI4SlRFGmiQRe/5Uh43SQAs=">AAACBnicdZDLSgMxFIYz9VbrbdSlCMEiuNA6qaWXhVAQwWUFe4F2KJk004ZmLiQZoQxdufFV3LhQxK3P4M63MdOOoKKHLD7+/xxyzu+EnEllWR9GZmFxaXklu5pbW9/Y3DK3d1oyiAShTRLwQHQcLClnPm0qpjjthIJiz+G07YwvEr99S4VkgX+jJiG1PTz0mcsIVlrqm/vnsOSdStg7nr9ApHhypuW+mbcKlmUhhGACqFK2NNRq1SKqQpRYuvIgrUbffO8NAhJ51FeEYym7yAqVHWOhGOF0mutFkoaYjPGQdjX62KPSjmdnTOGhVgbQ1Su4ga/gTP0+EWNPyonn6E4Pq5H87SXiX143Um7VjpkfRor6ZP6RG3GoAphkAgdMUKL4RAMmguldIRlhgYnSyeV0CF+Xwv+hVSygcqF0XcrXL9M4smAPHIAjgEAF1MEVaIAmIOAOPIAn8GzcG4/Gi/E6b80Y6cwu+FHG2yeNwpVn</latexit>

= 4m/s or � 3m/s

<latexit sha1_base64="vvm0SvydZ/HQxcUihl9AeQmYMB0="></latexit>

v02 =
0.5

3.5
(4��3) = 1m/s



EXAMPLE 8.5
• Calculating Velocity and Change in Kinetic Energy: Inelastic Collision of a Puck 

and a Goalie: (a) Find the recoil velocity of a 70.0-kg ice hockey goalie, originally at rest, who 
catches a 0.150-kg hockey puck slapped at him at a velocity of 35.0 m/s. (b) How much kinetic energy 
is lost during the collision? Assume friction between the ice and the puck-goalie system is negligible.

m2 = 70.0 kg
m1 = 0.15 kg
v1 = 35.0 m/s

<latexit sha1_base64="2TpO8qRH6Iv8Ro1Nx0nABUpHN8Q=">AAACAHicdZDLSgMxFIYz9VbrbdSFCzfBIlaEMimll4VQEMFlBXuBdhgyadqGJjNDkimU0o2v4saFIm59DHe+jZm2gooeOPDx/+eQnN+POFPacT6s1Mrq2vpGejOztb2zu2fvHzRVGEtCGyTkoWz7WFHOAtrQTHPajiTFwue05Y+uEr81plKxMLjTk4i6Ag8C1mcEayN59pHwEBybvoS5BC+g8Arn4zPPzjp5x3EQQjABVC45BqrVSgFVIEosU1mwrLpnv3d7IYkFDTThWKkOciLtTrHUjHA6y3RjRSNMRnhAOwYDLKhyp/MDZvDUKD3YD6XpQMO5+n1jioVSE+GbSYH1UP32EvEvrxPrfsWdsiCKNQ3I4qF+zKEOYZIG7DFJieYTA5hIZv4KyRBLTLTJLGNC+LoU/g/NQh6V8sXbYrZ2vYwjDY7BCcgBBMqgBm5AHTQAATPwAJ7As3VvPVov1utiNGUtdw7Bj7LePgFxjpPH</latexit>

m1v1 = (m1 +m2)v
0

<latexit sha1_base64="pDaDtHa9gHN16CKR1XDNhys6NB4=">AAACB3icdVDLSgMxFM3UV62vUZeCBIsoCCUppY+FUBDBZQVbC+0wZNK0Dc08SDKFMnTnxl9x40IRt/6CO//GTFtBRS/ccHLOuST3eJHgSiP0YWWWlldW17LruY3Nre0de3evpcJYUtakoQhl2yOKCR6wpuZasHYkGfE9wW690UWq346ZVDwMbvQkYo5PBgHvc0q0oVz7cHwCz2HiuxiOTXdDY4bp7cycxalr51EBIYQxhinAlTIyoFarFnEV4lQylQeLarj2e7cX0thngaaCKNXBKNJOQqTmVLBprhsrFhE6IgPWMTAgPlNOMttjCo8N04P9UJoONJyx3ycS4is18T3j9Ikeqt9aSv6ldWLdrzoJD6JYs4DOH+rHAuoQpqHAHpeMajExgFDJzV8hHRJJqDbR5UwIX5vC/0GrWMDlQum6lK9fLuLIggNwBE4BBhVQB1egAZqAgjvwAJ7As3VvPVov1uvcmrEWM/vgR1lvnzzilww=</latexit>

v0 =
m1v1

m1 +m2

<latexit sha1_base64="eawDVw2KdvSxXvsg6HV9fUwHjj0="></latexit>

=
(0.15kg)(35.0m/s)

70.0kg + 0.15kg
= 7.48⇥ 10�2m/s

<latexit sha1_base64="SyqA7kpBWVz23aFsDrYdwgctoZU="></latexit>

KEint =
1

2
m1v

2
1

<latexit sha1_base64="/aqR+zmmglRq7g9Yudn7rrqmzps=">AAACCXicdVBNSwMxEM3W7/q16tFLsEgrQtkspa0HQRBB8KJgW6GtSzbN2tBkd0myhbL06sW/4sWDIl79B978N2ZtBRV9MPB4b4aZeX7MmdKO827lZmbn5hcWl/LLK6tr6/bGZlNFiSS0QSIeySsfK8pZSBuaaU6vYkmx8Dlt+YPjzG8NqVQsCi/1KKZdgW9CFjCCtZE8G56dFOEh7AQSkxSNU3cMS8JD+8Jz9+CweO16dsEpO4 6DEIIZQbWqY8jBQd1FdYgyy6AApjj37LdOLyKJoKEmHCvVRk6suymWmhFOx/lOomiMyQDf0LahIRZUddPPT8Zw1yg9GETSVKjhp/p9IsVCqZHwTafAuq9+e5n4l9dOdFDvpiyME01DMlkUJBzqCGaxwB6TlGg+MgQTycytkPSxCUWb8PImhK9P4f+k6ZZRtVy5qBSOTqZxLIJtsANKAIEaOAKn4Bw0AAG34B48gifrznqwnq2XSWvOms5sgR+wXj8ARPeXkA==</latexit>

KE0 =
1

2
(m1 +m2)v

02

<latexit sha1_base64="eKMG8fNpBZqzyTomV5diZKP9130="></latexit>

=
1

2
(0.15kg)(35m/s)2 = 91.9J

<latexit sha1_base64="rztqreg+Q1G9Hg7aQjUGzU8bgy4="></latexit>

=
1

2
(70.15kg)(0.0748m/s)2 = 0.196J

<latexit sha1_base64="DvcxLrbrEYIp9xIHQfnxeqlFiHM=">AAACHHicdZDLSgMxFIYz9VbrrerSTbCIbhySWtrOQihIQeqmgr1AW0omTdvQzIUkI5TSB3Hjq7hxoYgbF4JvY6atoKIHAl/+/xyS87uh4Eoj9GEllpZXVteS66mNza3tnfTuXl0FkaSsRgMRyKZLFBPcZzXNtWDNUDLiuYI13NFF7DdumVQ88G/0OGQdjwx83ueUaCN102dX5e5EBEpN4TmMmft6Ck8NHhvBwbZTMTdkYydfmQ uFSjedQTZCCGMMY8CFPDLgOMUsLkIcW6YyYFHVbvqt3Qto5DFfU0GUamEU6s6ESM2pYNNUO1IsJHREBqxl0CceU53JbLkpPDJKD/YDaY6v4Uz9PjEhnlJjzzWdHtFD9duLxb+8VqT7xY7ZN4w08+n8oX4koA5gnBTsccmoFmMDhEpu/grpkEhCtckzZUL42hT+D/WsjfN27jqXKZUXcSTBATgEJwCDAiiBS1AFNUDBHXgAT+DZurcerRfrdd6asBYz++BHWe+f/nKcSQ==</latexit>

KEloss = KEint �KE0 = 91.9J � 0.196J = 91.7J



MOMENTUM IN 2D
• Momentum is a vector, which means that in 2 dimensions each component 

of momentum is conserved. So just like any 2 dimensional problem we get 
two separate one dimensional momentum conservation equations.

• For a collision 

<latexit sha1_base64="ryjuMJsDOJbd/wfKOCuD1mEtgak="></latexit>

m1v1x +m2v2x = m1v
0
1x +m2v

0
2x

<latexit sha1_base64="vfHtFv3n1cYzBtW4whK3zQObtFk="></latexit>

m1v1y +m2v2y = m1v
0
1y +m2v

0
2y



EXAMPLE 8.7
• Determining the Final Velocity of an Unseen Object from the Scattering of 

Another Object: Suppose the following experiment is performed. A 0.250-kg object, (𝑚1),  is slid on 
a frictionless surface into a dark room, where it strikes an initially stationary object with mass of 0.400 
kg (𝑚2).  The 0.250-kg object emerges from the room at an angle of  45.0º with its incoming direction.  
The speed of the 0.250-kg object is originally 2.00 m/s and is 1.50 m/s after the collision. Calculate the 
magnitude and direction of the velocity (𝑣′2) and  (𝜃2) of the 0.400-kg object after the collision.

m1 m2
v1

m1

m2

v’1

v’2

before 

after 

m1 = 0.25 kg
m2 = 0.4 kg
θ1 = 45

v1 = 2.00 m/s
v’1 = 1.50 m/s
v’12 = ?
θ2 = ?

<latexit sha1_base64="AjN+j9ZXQi15eEW1hOwlKV9sBVg=">AAACA3icdZDLSgMxFIYzXmu9jbrTTbCIglAmpfSyEAoiuKxgL9AOQyZN29BMZkgyYhkKbnwVNy4UcetLuPNtzLQVVPRA4OP/z+Hk/H7EmdKO82EtLC4tr6xm1rLrG5tb2/bOblOFsSS0QUIeyraPFeVM0IZmmtN2JCkOfE5b/ug89Vs3VCoWims9jqgb4IFgfUawNpJn70degm4n8AzO4BieplQw5Nk5J+84DkIIpoDKJcdAtVopoApEqWUqB+ZV9+z3bi8kcUCFJhwr1UFOpN0ES80Ip5NsN1Y0wmSEB7RjUOCAKjeZ3jCBR0bpwX4ozRMaTtXvEwkOlBoHvukMsB6q314q/uV1Yt2vuAkTUaypILNF/ZhDHcI0ENhjkhLNxwYwkcz8FZIhlphoE1vWhPB1KfwfmoU8KuWLV8Vc7WIeRwYcgENwAhAogxq4BHXQAATcgQfwBJ6te+vRerFeZ60L1nxmD/wo6+0T8fWWeA==</latexit>

p1x = p01x + p02x
<latexit sha1_base64="Y6ieF381FD89q6ywlZHWAS1Lt6Q=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiCkJJSullIRREcFnBXqAdhkyatqGZC0lGGIaCr+LGhSJufQ53vo2ZtoKKHgh8/P85nJPfiwRXGqEPa2l5ZXVtPbeR39za3tm19/bbKowlZS0ailB2PaKY4AFraa4F60aSEd8TrONNLjO/c8ek4mFwq5OIOT4ZBXzIKdFGcu1DBC9g5KY4mZ7C84xKhly7gIoIIYwxzABXK8hAvV4r4RrEmWWqABbVdO33/iCksc8CTQVRqodRpJ2USM2pYNN8P1YsInRCRqxnMCA+U046O38KT4wygMNQmhdoOFO/T6TEVyrxPdPpEz1Wv71M/MvrxXpYc1IeRLFmAZ0vGsYC6hBmWcABl4xqkRggVHJzK6RjIgnVJrG8CeHrp/B/aJeKuFIs35QLjatFHDlwBI7BGcCgChrgGjRBC1CQggfwBJ6te+vRerFe561L1mLmAPwo6+0Tnu2UCA==</latexit>

0 = p01y + p02y
<latexit sha1_base64="QLAlEo2PaFAXWa8NNgFEoYbO8gk="></latexit>

m1v1 = m1v
0
1 cos ✓1 +m2v

0
2 cos ✓2

<latexit sha1_base64="4RRGdiY0A8CHl3bvS8j367SRQuc="></latexit>

0 = m1v
0
1 sin ✓1 +m2v

0
2 sin ✓2

<latexit sha1_base64="/IU6KPgTWKrJ0mrg/vMeEvNmnR8="></latexit>

�m1v
0
1 sin ✓1 = m2v

0
2 sin ✓2

<latexit sha1_base64="w0pe3bdP4Wvz1tEP8h41zg1hIJE="></latexit>

m1v1 �m1v
0
1 cos ✓1 = m2v

0
2 cos ✓2

<latexit sha1_base64="wl2ztTu8IU8jBQ2fAHWHF6YG55s="></latexit>

tan ✓2 =
�v01 sin ✓1

v1 � v01 cos ✓1



EXAMPLE 8.7
• Determining the Final Velocity of an Unseen Object from the Scattering of 

Another Object: Suppose the following experiment is performed. A 0.250-kg object, (𝑚1),  is slid on 
a frictionless surface into a dark room, where it strikes an initially stationary object with mass of 0.400 
kg (𝑚2).  The 0.250-kg object emerges from the room at an angle of  45.0º with its incoming direction.  
The speed of the 0.250-kg object is originally 2.00 m/s and is 1.50 m/s after the collision. Calculate the 
magnitude and direction of the velocity (𝑣′2) and  (𝜃2) of the 0.400-kg object after the collision.

m1 m2
v1

m1

m2

v’1

v’2

before 

after 

m1 = 0.25 kg
m2 = 0.4 kg
θ1 = 45

v1 = 2.00 m/s
v’1 = 1.50 m/s
v’12 = ?
θ2 = ?

<latexit sha1_base64="wl2ztTu8IU8jBQ2fAHWHF6YG55s="></latexit>

tan ✓2 =
�v01 sin ✓1

v1 � v01 cos ✓1

θ2 = 312 or -48
<latexit sha1_base64="PQabiHNAPArDmcwhbiBT0ImH8y0="></latexit>

v02 = �m1

m2
v01

sin ✓1
sin ✓2

<latexit sha1_base64="DfaLGjpZ+gfHGJgjVdRV7ufovSQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GpNS2ulCKIjgsoJ9QDuUTJppQ5OZIckIpfQ33LhQxK0/486/MdNWUNEDFw7n3Mu99wSJ4Nog9OHk1tY3Nrfy24Wd3b39g+LhUVvHqaKsRWMRq25ANBM8Yi3DjWDdRDEiA8E6weQq8zv3TGkeR3dmmjBfklHEQ06JsVIfXkLkel4Vygs9KJaQixDCGMOM4FoVWVKve2XsQZxZFiWwQnNQfO8PY5pKFhkqiNY9jBLjz4gynAo2L/RTzRJCJ2TEepZGRDLtzxY3z+GZVYYwjJWtyMCF+n1iRqTWUxnYTknMWP/2MvEvr5ea0PNnPEpSwyK6XBSmApoYZgHAIVeMGjG1hFDF7a2Qjoki1NiYCjaEr0/h/6RddnHVrdxWSo3rVRx5cAJOwTnAoAYa4AY0QQtQkIAH8ASendR5dF6c12VrzlnNHIMfcN4+ATbFj+Q=</latexit>

= 0.886m/s



HOME WORK

• Chap 8 - 2, 12, 26, 32, 36, 45


