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fCv  = fCp

mC
  

  = 
0.0547 kg m

s
0.019 kg

i
 

  = 2.9 m/s  
 

fCvG  = 2.9 m/s [52.1° S of W] 

 Paraphrase 
 The velocity of the third fragment is 2.9 m/s [52.1º S of W] immediately after the 

explosion. 
2. Given 
 ms = 65.2 kg mb = 2.50 kg 
 

iTvG  = 0.40 m/s [W] 

 
fsvG  = 0.38 m/s [30.0° S of W] 
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 Required 
 final velocity of skateboard (

fbvG ) 

 Analysis and Solution 
 Choose the student and skateboard as an isolated system. 
 The student and skateboard have the same initial velocity. So calculate the total 

mass. 
 mT = ms + mb 
  = 65.2 kg + 2.50 kg 
  = 67.70 kg 

 Resolve all velocities into west and south components. 
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Vector West component South component 

iTvG  0.40 m/s 0 

fsvG  (0.38 m/s)(cos 30.0°) (0.38 m/s)(sin 30.0°) 

 Apply the law of conservation of momentum to the system in the west and south 
directions. 

 W direction  
 

isys W
p  = 

fsys W
p  

 
isys W

p  = 
fs W

p  + 
fb W

p  

 mT iTW
v  = ms fs W

v  + mb fb W
v  

 ⎝⎜
⎛

⎠⎟
⎞mT

mb
 

iTW
v  = ⎝⎜

⎛
⎠⎟
⎞ms

mb
 

fs W
v  + 

fb W
v  

 
fb W

v  = ⎝⎜
⎛

⎠⎟
⎞mT

mb
 

iTW
v  – ⎝⎜

⎛
⎠⎟
⎞ms

mb
 

fs W
v  

  = 
67.70 kg
2.50 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

(0.40 m/s) – 
65.2 kg
2.50 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{(0.38 m/s)(cos 30.0°)} 

  = 2.25 m/s 
 S direction 
 

isys S
p  = 

fsys S
p  

 
isys S

p  = 
fs S

p  + 
fb S

p  

 0 = ms fs S
v  + mb fb S

v  

 mb fb S
v  = –ms fs S

v  

 
fb S

v  = –⎝⎜
⎛

⎠⎟
⎞ms

mb
 

fs S
v  

  = –
65.2 kg
2.50 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{(0.38 m/s)(sin 30.0°)} 

  = –4.96 
 Use the Pythagorean theorem to find the magnitude of 

fbvG . 

 
fbv  = ( ) ( )f f

2 2
b b + 

W S
v v  

  = (2.25 m/s)
2
  + (–4.96 m/s)

2
  

  = 5.4 m/s 
 Use the tangent function to find the direction of 

fbvG . 
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 tan θ = 
opposite
adjacent  

  = 

m4.96 
s
m2.25 
s

 

  = 2.203 
 θ = tan–1 (2.203) 
  = 65.6° 
 From the figure below, this angle is between 

fbvG  and the west direction. 

 
 

fbvG  = 5.4 m/s [65.6° N of W] 

 Paraphrase 
 The velocity of the skateboard will be 5.4 m/s [65.6° N of W] immediately after 

the jump. 

Student Book page 497 

Example 9.15 Practice Problems 
1. Given 
 mp = 0.168 kg mg = 82.0 kg 

 
ipvG  = 45.0 m/s [252º] 

igvG  = 0.200 m/s [0º] 

 fvG   = 0.192 m/s [333º] 
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 Required 
 determine if the collision is elastic  

 Analysis and Solution 
 Calculate the total initial kinetic energy and the total final kinetic energy of the 

system. 

 
ikE  = 

1
2 mp ( )i

2

pv  + 
1
2 mg ( )i

2

gv  

  = 
1
2 (0.168 kg)(45.0 m/s)2 + 

1
2 (82.0 kg)(0.200 m/s)2 

  = 171.7 kg•m2/s2 
  = 171.7 J 

 
fkE  =  

1
2 (mp + mg) ( )2

fv  

  = 
1
2 (0.168 kg + 82.0 kg)(0.192 m/s)2 

  = 1.515 kg•m2/s2 
  = 1.515 J 

Since 
ikE  ≠ 

fkE , the collision is inelastic. 

Calculate the percent of kinetic energy retained. 
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 % Ek retained = f

i

k

k

E
E

 × 100% 

  = 1.515 J
171.7 J

 × 100% 

  = 0.882% 

 Paraphrase 
 The collision is inelastic, and 0.882% of the kinetic energy is retained. 
2. Given 
  mA = 19.0 kg mB = 19.0 kg 

    
iBvG  = 0 m/s 

  
fAv = 0.663 m/s 

fBv  = 1.31 m/s 

 Required 
 initial speed of curling stone A if collision is elastic (

iAv ) 

 Analysis and Solution 
 Choose both curling stones as an isolated system. 
 If the collision is elastic, the total kinetic energy of the system is conserved. 
 

ikE  = 
fkE  

 
1
2 mA ( )i

2

Av  + 
1
2 mB ( )i

2

Bv  = 
1
2 mA ( )f

2

Av  + 
1
2 mB ( )f

2

Bv  

 ( )i

2

Av  + 0 =  ( )f

2

Av  + ⎝⎜
⎛

⎠⎟
⎞mB

mA
 ( )f

2

Bv  

 ( )i

2

Av  = ( )f

2

Av  + ⎝⎜
⎛

⎠⎟
⎞mB

mA
 ( )f

2

Bv  

  = (0.663 m/s)2 + 
19.0 kg
19.0 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

(1.31 m/s)2 

  = 2.156 m2/s2 
 

iAv  = 1.47 m/s 

 Paraphrase 
 If the collision between both curling stones is elastic, the initial speed of the first 

curling stone would be 1.47 m/s. 
 

Student Book page 499 

9.4 Check and Reflect 
Knowledge 
1. In a one-dimensional collision, the initial and final velocities of all objects in the 

system lie along the same line, but are not necessarily in the same direction. This type 
of interaction occurs when two objects collide dead centre. An example is a billiard 



Pearson Physics Solutions Unit V Chapter 9 Copyright © 2007 Pearson Education Canada 74

ball hitting an identical stationary ball dead centre so that after collision the second 
ball moves in the same direction as the incoming ball. 

 In a two-dimensional collision, the initial and final velocities of all objects in the 
system lie in a plane. So some or all of the velocity vectors have two components. This 
type of interaction occurs when two objects collide off centre. An example is a billiard 
ball hitting an identical stationary ball with a glancing blow so that both balls move off 
in directions different from the incoming ball. 

2. The law of conservation of momentum for a two-dimensional collision states that in 
each direction, the initial momentum of the system is equal to the final momentum of 
the system. 

 Example: A 19.0-kg curling stone moving at 1.20 m/s [0º] collides with an identical 
stone moving at 0.850 m/s [270º]. Just after impact, the first stone moves off at 0.922 
m/s [320º]. What will be the velocity of the second stone immediately after collision? 

 Solution: 
 Given 

 mA = 19.0 kg mB = 19.0 kg 

 
iAvG  = 1.20 m/s [0º] 

iBvG  = 0.850 m/s [270º] 

 
fAvG  = 0.922 m/s [320º] 
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Required 
final velocity of curling stone B (

fBvG ) 

Analysis and Solution 
Choose both curling stones as an isolated system. 
Resolve all velocities into x and y components. 

 
 

Vector x component y component 

iAvG  1.20 m/s 0 

iBvG  0 –(0.850 m/s) 

fAvG  (0.922 m/s)(cos 40º) –(0.922 m/s)(sin 40º) 

Apply the law of conservation of momentum to the system in the x and y 
directions. 
x direction 
 

isys x
p  = 

fsys x
p  

 
iA x

p  + 
iB x

p  = 
fA x

p  + 
fB x

p  

 mA
iA x

v  + 0 = mA
fA x

v  + mB
fB x

v  

 mB
fB x

v  =  mA(
iA x

v  – 
fA x

v ) 
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fB x

v  = ⎝⎜
⎛

⎠⎟
⎞mA

mB
 (

iA x
v  – 

fA x
v ) 

  = 
19.0 kg
19.0 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{1.20 m/s – (0.922 m/s)(cos 40º)} 

  = 0.4937 m/s 
y direction 
 

isys y
p  = 

fsys y
p  

 
iA y

p  + 
iB y

p  = 
fA y

p  + 
fB y

p  

 0 + mB
iB y

v  = mA
fA y

v  + mB
fB y

v  

 
iB y

v  = ⎝⎜
⎛

⎠⎟
⎞mA

mB
 

fA y
v  + 

fB y
v  

 
fB y

v  = 
iB y

v  – ⎝⎜
⎛

⎠⎟
⎞mA

mB
 

fA y
v  

  = –(0.850 m/s) – 
19.0 kg
19.0 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{–(0.922 m/s)(sin 40º)} 

  = –0.2573 m/s 
Use the Pythagorean theorem to find the magnitude of 

fBvG . 

 
fBv  = ( ) ( )f f

22
B B + 

x y
v v  

  = (0.4937 m/s)
2
  + (–0.2573 m/s)

2
  

  = 0.557 m/s 
Use the tangent function to find the direction of 

fBvG . 

 tan θ = 
opposite
adjacent  

  = 

m0.2573 
s
m0.4937 
s

 

  = 0.5213 
 θ = tan–1 (0.5213) 
  = 27.5° 
From the following figure, this angle is between 

fBvG  and the positive x-axis.  
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So, the direction of 
fBvG  measured counterclockwise from the positive x-axis is 

360° – 27.5° = 332°. 

 
 

fBvG  = 0.557 m/s [332°] 

Paraphrase 
The velocity of curling stone B will be 0.557 m/s [332°] immediately after 
collision. 

3. The centre of mass of an object is a point in which all of the mass of the object can be 
assumed to be concentrated. The centre of mass may be located either on or outside the 
object, depending on its shape. 

4. Scientists accepted the existence of the neutrino for so long without direct evidence 
because they believed that the conservation of momentum and the conservation of 
energy were universal laws that were always valid and had no exceptions. In order for 
these laws to hold, the neutrino had to exist. Later when direct evidence demonstrated 
the existence of the neutrino, these conservation laws were confirmed once again as 
being universal. 

Applications 
5. Given 

 mc = 160 g mf  = 160 g 

 
icvG = 0.785 m/s [270º] 

if
vG  = 0 m/s 

   
ffvG  = 0.601 m/s [230º] 
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Required 
final velocity of cue ball (

fcvG ) 

Analysis and Solution 
Choose the cue ball and the five-ball as an isolated system. 
The five-ball has an initial velocity of zero. So its initial momentum is zero. 
 

ifpG  = 0 
Resolve all velocities into x and y components. 

 
 

Vector x component y component 

icvG  0 –(0.785 m/s) 

ffvG  –(0.601 m/s)(cos 50º) –(0.601 m/s)(sin 50º) 

Apply the law of conservation of momentum to the system in the x and y 
directions. 



Pearson Physics Solutions Unit V Chapter 9 Copyright © 2007 Pearson Education Canada 79

x direction 
 

isys x
p  = 

fsys x
p  

 
ic x

p  + 
if x

p  = 
fc x

p  + 
ff x

p  

 0 + 0 = mc
fc x

v  + mf
ff x

v  

 mc
fc x

v  =  –mf
ff x

v  

 
fc x

v  = –⎝⎜
⎛

⎠⎟
⎞mf

mc
 

ff x
v  

  = –
160 g
160 g

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{–(0.601 m/s)(cos 50º)} 

  = 0.3863 m/s 
y direction 
 

isys y
p  = 

fsys y
p  

 
ic y

p  + 
if y

p  = 
fc y

p  + 
ff y

p  

 mc
ic y

v  + 0 = mc
fc y

v  + mf
ff y

v  

 
ic y

v  = 
fc y

v  + ⎝⎜
⎛

⎠⎟
⎞mf

mc
 

ff y
v  

 
fc y

v  = 
ic y

v  – ⎝⎜
⎛

⎠⎟
⎞mf

mc
 

ff y
v  

  = –(0.785 m/s) – 
160 g
160 g

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{–(0.601 m/s)(sin 50º)} 

  = –0.3246 m/s 
Use the Pythagorean theorem to find the magnitude of 

fcvG . 

 
fcv  = ( ) ( )f f

22
c c + 

x y
v v  

  = (0.3863 m/s)
2
  + (–0.3246 m/s)

2
  

  = 0.505 m/s 
Use the tangent function to find the direction of 

fcvG . 

 tan θ = 
opposite
adjacent  

  = 

m0.3246 
s
m0.3863 
s
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  = 0.8403 
 θ = tan–1 (0.8403) 
  = 40.0° 
From the figure below, this angle is between 

fcvG  and the positive x-axis. So the 
direction of 

fcvG  measured counterclockwise from the positive x-axis is 

360° – 40.0° = 320°. 

 
 

fcvG  = 0.505 m/s [320°] 

Paraphrase 
The velocity of the cue ball will be 0.505 m/s [320°] immediately after impact. 

6. Given 
 mA = 230 kg mB = 255 kg 

 
iAvG = 0 m/s 

iBvG  = 0.843 m/s [W]  

   
fBvG  = 0.627 m/s [42.0º S of W] 

 
Required 
final velocity of bumper car A (

fAvG ) 
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Analysis and Solution 
Choose both bumper cars as an isolated system. 
Bumper car A has an initial velocity of zero. So its initial momentum is zero. 
 

iApG  = 0 
Resolve all velocities into west and south components. 

 
 

Vector West component South component 

iBvG  0.843 m/s 0 

fBvG  (0.627 m/s)(cos 42.0º) (0.627 m/s)(sin 42.0º)

Apply the law of conservation of momentum to the system in the west and south 
directions. 
W direction  
 

isys W
p  = 

fsys W
p  

 
iA W

p  + 
iB W

p  = 
fA W

p  + 
fB W

p  

 0 + mB iB W
v  = mA fA W

v  + mB fB W
v  

 mA fA W
v  = mB(

iB W
v  – 

fB W
v ) 

 
fA W

v  = ⎝⎜
⎛

⎠⎟
⎞mB

mA
 (

iB W
v  – 

fB W
v ) 

  = 
255 kg
230 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{0.843 m/s – (0.627 m/s)(cos 42.0º)} 

  = 0.4180 m/s 
S direction 
 

isys S
p  = 

fsys S
p  

 
iA S

p  + 
iB S

p  = 
fA S

p  + 
fB S

p  

 0 + 0 = mA fA S
v  + mB fB S

v  
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 mA fA S
v  = –mB fB S

v  

 
fA S

v  = –⎝⎜
⎛

⎠⎟
⎞mB

mA
 

fB S
v  

  = –
255 kg
230 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{(0.627 m/s)(sin 42.0º)} 

  = –0.4651 m/s 
Use the Pythagorean theorem to find the magnitude of 

fAvG . 

 
fAv  = ( ) ( )f f

2 2
A A + 

W S
v v  

  = (0.4180 m/s)
2
  + (–0.4651 m/s)

2
  

  = 0.625 m/s 
Use the tangent function to find the direction of 

fAvG . 

 tan θ = 
opposite
adjacent  

  = 

m0.4651 
s
m0.4180 
s

 

  = 1.113 
 θ = tan–1 (1.113) 
  = 48.1° 
From the figure below, this angle is between 

fAvG  and the west direction. 

 
 

fAvG  = 0.625 m/s [48.1° N of W] 



Pearson Physics Solutions Unit V Chapter 9 Copyright © 2007 Pearson Education Canada 83

Paraphrase 
The velocity of bumper car A will be 0.625 m/s [48.1° N of W] immediately 
after collision. 

7. Analysis and Solution 
If the collision between the ball and the landing surface is elastic, the initial 
kinetic energy of the ball must be the same as its final kinetic energy. There 
must be no friction, deformation, sound, light, or heat present during the 
collision. Then all the kinetic energy would get converted to gravitational 
potential energy. 

 
Since the rebound height is less than the initial height just before the ball was 
dropped, the collision is inelastic. 

To determine the kinetic energy lost during the collision, calculate the loss in 
gravitational potential energy. 
 Ek lost = mgΔh 

  = (0.25 kg)⎝⎜
⎛

⎠⎟
⎞9.81 

m
s2  ( ) 1 m50 cm 46 cm

100 cm
⎛ ⎞− ⎜ ⎟
⎝ ⎠

 

  = 0.098 kg•m2/s2 
  = 0.098 J 
There were 0.098 J of kinetic energy lost during the collision. 

8. Given 
 mT  = 95 kg ml = 115 kg 

 
iTvG   = 4.8 m/s [S] 

il
vG  = 4.1 m/s [N] 
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Required 
if ball will cross goal line 

Analysis and Solution 
Choose the halfback, the ball, and the linebacker as an isolated system. 
To determine if the ball will cross the goal line, calculate the final velocity of 
the system. 
The halfback, the ball, and the linebacker move together as a unit after collision. 
Apply the law of conservation of momentum to the system. 

 
isyspG  = 

fsyspG  

 
iTpG  + 

il
pG  = 

fsyspG  

 mT
iTvG  + ml

il
vG  = (mT + ml) fvG  

 fvG  = ⎝⎜
⎛

⎠⎟
⎞1

mT + ml
 (mT

iTvG  + ml
il

vG ) 

  = ⎝⎜
⎛

⎠⎟
⎞1

95 kg + 115 kg  {(95 kg)(–4.8 m/s) + (115 kg)(+4.1 m/s)} 

  = +0.074 m/s 
 fvG  = 0.074 m/s [N] 
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Paraphrase 
The velocity of the halfback, the ball, and the linebacker is 0.074 m/s [N] 
immediately after collision. In order for the ball to cross the goal line, it would 
have to be moving south, not north. So the ball will not cross the line. 

9. Given 
  mp = 0.160 kg ms = 0.180 kg 

 
ipvG  = 0.563 m/s [67.0º S of W] 

isvG  = 0.274 m/s [39.0º S of E]  

 
fpvG  = 0.499 m/s [23.0º S of E] 
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Required 
final velocity of snooker ball (

fsvG ) 

Analysis and Solution 
Choose the pool ball and the snooker ball as an isolated system. 
Resolve all velocities into east and north components. 
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Vector East component North component 

ipvG  –(0.563 m/s)(cos 67.0º) –(0.563 m/s)(sin 67.0º) 

isvG  (0.274 m/s)(cos 39.0º) –(0.274 m/s)(sin 39.0º) 

fpvG  (0.499 m/s)(cos 23.0º) –(0.499 m/s)(sin 23.0º) 

Apply the law of conservation of momentum to the system in the east and north 
directions. 
E direction  
 

isys E
p  = 

fsys E
p  

 
ip E

p  + 
is E

p  = 
fp E

p  + 
fs E

p  

 mp ip E
v  + ms

is E
v  = mp

fp E
v  + ms

fs E
v  

 ⎝⎜
⎛

⎠⎟
⎞mp

ms
 

ip E
v  + 

is E
v  = ⎝⎜

⎛
⎠⎟
⎞mp

ms
 

fp E
v  + 

fs E
v  

 
fs E

v  = ⎝⎜
⎛

⎠⎟
⎞mp

ms
 (

ip E
v  – 

fp E
v ) + 

is E
v  

  = 
0.160 kg
0.180 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{–(0.563 m/s)(cos 67.0º) – (0.499 m/s)(cos 23.0º)}   

  + (0.274 m/s)(cos 39.0º) 
  = –0.3909 m/s 
N direction 

 isys N
p  = 

fsys N
p  

 
ip N

p  + 
is N

p  = 
fp N

p  + 
fs N

p  

 mp ip N
v  + ms

is N
v  = mp

fp N
v  + ms

fs N
v  

 ⎝⎜
⎛

⎠⎟
⎞mp

ms
 

ip N
v  + 

is N
v  = ⎝⎜

⎛
⎠⎟
⎞mp

ms
 

fp N
v  + 

fs N
v  

 
fs N

v  = ⎝⎜
⎛

⎠⎟
⎞mp

ms
 (

ip N
v  – 

fp N
v ) + 

is N
v  

  = 
0.160 kg
0.180 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{–(0.563 m/s)(sin 67.0º) – [–(0.499 m/s)(sin 23.0º)]} 

  + {–(0.274 m/s)(sin 39.0º)} 
  = –0.4598 m/s 
Use the Pythagorean theorem to find the magnitude of 

fsvG . 
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fsv  = ( ) ( )i i

22
s s + 

E N
v v  

  = (–0.3909 m/s)
2
  + (–0.4598 m/s)

2
  

  = 0.603 m/s 
Use the tangent function to find the direction of 

fsvG . 

 tan θ = 
opposite
adjacent  

  = 

m0.4598 
s
m0.3909 
s

 

  = 1.176 
 θ = tan–1 (1.176) 
  = 49.6° 
From the figure below, this angle is between 

fsvG  and the west direction. 

 
 

fsvG  = 0.603 m/s [49.6° S of W] 

Paraphrase 
The velocity of the snooker ball will be 0.603 m/s [49.6° S of W] immediately 
after collision. 

10. Given 
  mT = 4.00 kg mA = 2.37 kg 

  
iTvG  = 18.5 m/s [0º] 

fAvG  = 19.7 m/s [325º] 



Pearson Physics Solutions Unit V Chapter 9 Copyright © 2007 Pearson Education Canada 89

 
Required 
final velocity of fragment B (

fBvG ) 

Analysis and Solution 
Choose the cannon ball and the two fragments as an isolated system. 
Since no mass is lost, find the mass of fragment B. 
 mB = mT – mA 
  = 4.00 kg – 2.37 kg 
  = 1.63 kg 

Resolve all velocities into x and y components. 

 
 

Vector x component y component 

iTvG  18.5 m/s 0 

fAvG  (19.7 m/s)(cos 35º) –(19.7 m/s)(sin 35º) 
 



Pearson Physics Solutions Unit V Chapter 9 Copyright © 2007 Pearson Education Canada 90

Apply the law of conservation of momentum to the system in the x and y 
directions. 
x direction 
 

isys x
p  = 

fsys x
p  

 
isys x

p  = 
fA x

p  + 
fB x

p  

 mT
iTx

v  = mA
fA x

v  + mB
fB x

v  

 ⎝⎜
⎛

⎠⎟
⎞mT

mB
 

iT x
v  =  ⎝⎜

⎛
⎠⎟
⎞mA

mB
 

fA x
v  + 

fB x
v  

 
fB x

v  = ⎝⎜
⎛

⎠⎟
⎞mT

mB
 

iT x
v  –  ⎝⎜

⎛
⎠⎟
⎞mA

mB
 

fA x
v  

  = 
4.00 kg
1.63 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

(18.5 m/s) – 
2.37 kg
1.63 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{(19.7 m/s)(cos 35º)} 

  = 21.94 m/s 
y direction 
 

isys y
p  = 

fsys y
p  

 
isys y

p  = 
fA y

p  + 
fB y

p  

 0 = mA
fA y

v  + mB
fB y

v  

 mB
fB y

v  = –mA
fA y

v  

 
fB y

v  = –⎝⎜
⎛

⎠⎟
⎞mA

mB
 

fA y
v  

  = –
2.37 kg
1.63 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{–(19.7 m/s)(sin 35º)} 

  = 16.43 m/s 
Use the Pythagorean theorem to find the magnitude of 

fBvG . 

 
fBv  = ( ) ( )f f

22
B B + 

x y
v v  

  = (21.94 m/s)
2
  + (16.43 m/s)

2
  

  = 27.4 m/s 
Use the tangent function to find the direction of 

fBvG . 
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 tan θ = 
opposite
adjacent  

  = 

m16.43 
s
m21.94 
s

 

  = 0.7490 
 θ = tan–1 (0.7490) 
  = 37° 
From the figure below, this angle is between 

fBvG  and the positive x-axis. 

 
 

fBvG  = 27.4 m/s [37°] 

Paraphrase 
The velocity of fragment B will be 27.4 m/s [37°] immediately after the 
explosion. 

11. Given 
  mbat = 0.952 kg mball = 0.145 kg 

  
ibatvG = 35.2 m/s [0º] 

iballvG  = 40.8 m/s [180º] 

    
fballvG  = 37.6 m/s [64.2º] 
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Required 
final velocity of centre of mass of bat (

fbatvG ) 

Analysis and Solution 
Choose the bat and the ball as an isolated system. 
Resolve all velocities into x and y components. 
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Vector x component y component 

ibatvG  35.2 m/s 0 

iballvG  –(40.8 m/s)  0 

fballvG  (37.6 m/s)(cos 64.2º) (37.6 m/s)(sin 64.2º) 

Apply the law of conservation of momentum to the system in the x and y 
directions. 
x direction 
 

isys x
p  = 

fsys x
p  

 
ibat x

p  + 
iball x

p  = 
fbat x

p  + 
fball x

p  

 mbat
ibat x

v  + mball
iball x

v  = mbat
fbat x

v  + mball
fball x

v  

 
ibat x

v  + ⎝⎜
⎛

⎠⎟
⎞mball

mbat
 

iball x
v  =  

fbat x
v  + ⎝⎜

⎛
⎠⎟
⎞mball

mbat
 

fball x
v  

 
fbat x

v  = ⎝⎜
⎛

⎠⎟
⎞mball

mbat
 (

iball x
v  –  

fball x
v ) + 

ibat x
v  

  = 
0.145 kg
0.952 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{–(40.8 m/s) – (37.6 m/s)(cos 64.2º)} + 35.2 m/s 

  = 26.49 m/s 
y direction 
 

isys y
p  = 

fsys y
p  

 
ibat y

p  + 
iball y

p  = 
fbat y

p  + 
fball y

p  

 0 + 0 = mbat
fbat y

v  + mball
fball y

v  

 mbat
fbat y

v  = –mball
fball y

v  
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fbat y

v  = –⎝⎜
⎛

⎠⎟
⎞mball

mbat
 

fball y
v  

  = –
0.145 kg
0.952 kg

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

{(37.6 m/s)(sin 64.2º)} 

  = –5.156 m/s 
Use the Pythagorean theorem to find the magnitude of 

fbatvG . 

 
fbatv  = ( ) ( )f f

22
bat bat + 

x y
v v  

  = (26.49 m/s)
2
  + (–5.156 m/s)

2
  

  = 27.0 m/s 
Use the tangent function to find the direction of 

fbatvG . 

 tan θ = 
opposite
adjacent  

  = 

m5.156 
s
m26.49 
s

 

  = 0.1946 
 θ = tan–1 (0.1946) 
  = 11.0° 
From the figure below, this angle is between 

fbatvG  and the positive x-axis. So the 
direction of 

fbatvG  measured counterclockwise from the positive x-axis is 

360° – 11.0° = 349°. 

 
 

fbatvG  = 27.0 m/s [349°] 
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Paraphrase 
The velocity of the centre of mass of the baseball bat will be 27.0 m/s [349°] 
immediately after collision. 

Extensions 
12. This research question will appeal to kinesthetic learners and those interested in 

athletics. Running shoes that contain springs are currently banned by governing 
bodies in track and field such as International Amateur Athletic Federation (IAAF) 
and U.S.A. Track and Field (USATF). The springs in these shoes make the collision 
between a runner’s foot and the running surface up to 96% elastic, compared to other 
materials such as foam. So very little kinetic energy from the runner’s feet is 
converted to deformation, heat, or other types of energy. The springs also reduce 
impulsive forces by up to 20%, minimizing the incidence of injuries to joints and 
muscles. Since each spring must either compress or stretch, the time interval of 
interaction increases. Overall, a runner does not feel fatigued when running with 
these types of running shoes. 

13. This question offers students a preview of some of the material they will learn about 
in Unit VIII. Enrico Fermi (1901–1954) had an early aptitude for mathematics and 
physics, which was encouraged by his father’s colleagues. After gaining his doctorate 
in physics in 1922, he received a scholarship from the Italian government and spent 
some time doing research with Max Born in Göttingen, Germany. 

 In 1926, Fermi developed “Fermi statistics,” statistical laws that apply to particles 
now called fermions (particles subject to Pauli's exclusion principle). From 1927 to 
1938, he held the position of Professor of Theoretical Physics at the University of 
Rome. His early theoretical work consisted of electrodynamic problems and various 
spectroscopic phenomena. He eventually turned his attention to the atomic nucleus, 
and showed that almost every element bombarded with neutrons undergoes a nuclear 
transformation. This work eventually led to the discovery of nuclear fission and the 
ability to produce elements beyond uranium. In 1938, Fermi won the Nobel Prize in 
Physics for his work on producing radioactive elements using neutron bombardment, 
and for nuclear reactions brought about by slow neutrons.   

 Immediately after winning his Nobel Prize, he emigrated to the U.S. to escape 
Mussolini’s fascist dictatorship. During World War II, Fermi was one of the team 
leaders of the physicists working on the Manhattan Project, a project aimed at 
developing an atomic bomb and nuclear energy. In 1942, he successfully created the 
first nuclear reactor in Chicago using a series of controlled nuclear chain reactions in 
an atomic pile. Toward the end of his life, Fermi turned his attention to high-energy 
physics and was investigating the mysterious origin of cosmic rays. 

 


