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VCt‘ = me

0.0547 €+

0019 K

=29 m/s
‘7(:1. =2.9m/s [52.1° S of W]

Paraphrase
The velocity of the third fragment is 2.9 m/s [52.1° S of W] immediately after the
explosion.
2. Given
ms = 65.2 kg my, =2.50kg

¥, = 0.40 m/s [W]
7, =0.38 m/s [30.0° S of W]

S
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Required
final velocity of skateboard (v, )

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.
mr = mg+ my
=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
Vr 0.40 m/s 0
v, (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
pSYS‘W

i

pSYS‘W

i

mr Vr,

mr
m b vTu W

bfW

S direction
pSYSiS
pSYSis

- p5ySfW
pSfW pbfw
=msv, + my Voo,

mr ms
=15, VT O vs-
mb iw mb £

_ [m] (0.40 m/s) — {%j {(0.38 m/s)(cos 30.0°)}

2.25 m/s

- pSYst
- psfs + pbt‘s

0 = my v, T myv,

my vy s

W
bes

=_msv

Sts

my Sts

_ _(25; J;Q {(0.38 m/s)(sin 30.0°)}

=-4.96

Use the Pythagorean theorem to find the magnitude of v, .

be

= o)+ ()

2 2
= \/(2.25 m/s) + (—4.96 m/s)
=5.4m/s

Use the tangent function to find the direction of v, .
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opposite
tan 6 =_".
adjacent

4.96 7‘5

— S
2.25 7‘5

S

=2.203
0 =tan ' (2.203)
= 65.6°

From the figure below, this angle is between v, and the west direction.

4.96 m/s
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W mmmmmm s E
%—2.25 m/s —>1
S
+
Vy, =5.4m/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
‘7101 =45.0 m/s [252°] \7& =0.200 m/s [0°]

¥, =0.192 m/s [333°]
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before + after +

252°

333°
vi=0192m/s

&

v, = 45.0m/s
I

Diagram is not to scale.

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.

£, =5 mplv, ) +5ma(v,)

1 1
= (0.168 kg)(45.0 m/s)” + 3 (82.0 kg)(0.200 m/s)’

=171.7 kgem?/s*
=171.7]

1
E. = E(mp”ng) (Vf)2

1
=5 (0.168 kg + 82.0 kg)(0.192 m/s)’

=1.515 kgem?/s*
=1.515J

Since E, # E, , the collision is inelastic.

Calculate the percent of kinetic energy retained.
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FE
% E\ retained = E—k‘ x 100%
ki

_ LSS 000

171.7 ¥

=0.882%

Paraphrase
The collision is inelastic, and 0.882% of the kinetic energy is retained.
2. Given

ma=19.0 kg mg =19.0 kg

Vg =0m/s
v,, = 0.663 m/s vg, = 1.31m/s
Required

initial speed of curling stone A if collision is elastic (v, )

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.
E =E_

<
>
N—
(3]
+
(e
|
<
>
N—
(3]
+
2N\
3 |§
z =
—_
<
®
N—
[ 9]

() = () (22 ()

~ (0.663 m/s)? + [ig ﬁ} (131 m/s)’

=2.156 m?/s*
vy, = 1.47m/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
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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 [0°] collides with an identical
stone moving at 0.850 m/s [270°]. Just after impact, the first stone moves off at 0.922
m/s [320°]. What will be the velocity of the second stone immediately after collision?

Solution:
Given
ma =19.0 kg mg = 19.0 kg
v, =120m/s[0] ¥y = 0.850 m/s [270°]
v, =0.922 m/s [320°]
before +
y
curling stone B
v, = 0.850 m/s
vy, =1.20m/s .
A\ S ; ________________ -

curling stone A
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after

Required

final velocity of curling stone B (vy )

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

curling stone B

curling stone A

Vector X component y component
Vi, 1.20 m/s 0
Vg, 0 —(0.850 m/s)
Vi, (0.922 m/s)(cos 40°) —(0.922 m/s)(sin 40°)

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

directions.

x direction
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ma
Vg = (WlB) (VA“ — VAﬁ)

- [19.0 %J {1.20 m/s — (0.922 m/s)(cos 40°)}

19.0 kg

=0.4937 m/s

y direction
psysiy = psysfy

Pa, v Py, = P, t Dy,

0+ mp vy = mav, + mp Vg,
ma
== +
VB, (mg) Va, T Vs,
_ ma
VB@: ~ Vs, ~ mp vAtjv

~(0.850 m/s) — [19'0 K J £-(0.922 m/s)(sin 40°)}

19.0 kg
=-0.2573 m/s

Use the Pythagorean theorem to find the magnitude of v .

2
= +
Vg, (VBfX ) (vay )

2 2
= \/(0.4937 m/s) + (—0.2573 m/s)
=0.557 m/s

Use the tangent function to find the direction of vy .

2

opposite
adjacent

0.2573 %

=_ /S
0.4937 %

s

=0.5213
0 =tan' (0.5213)
=27.5°

From the following figure, this angle is between Vv, and the positive x-axis.

tan @ =
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So, the direction of v, measured counterclockwise from the positive x-axis is

360° —27.5° = 332°.
+
y

0.4937 m/s

| 4 !
| 1, 10.2573 m/s
T/gf = 0557 m/s

7, = 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
me= 160 g my =160 g
v, = 0.785 m/s [270°] Vi =0m/s

v, =0.601 m/s [230°]
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before + after +

Ocue ball

Vc: = 0.785m/s

230°
\ N
____________ ( X
v. =17

Vf:= 0.601 m/s

+
_________ @ X A O
five-ball five-ball

I
I
I
I
I
|
I
! cue ball
I
I
I
I
I
I
I
I

Required

final velocity of cue ball (ch)

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.
P, =0
Resolve all velocities into x and y components.
+

y

Vector X component y component
ﬁci 0 —(0.785 m/s)
Vi, —(0.601 m/s)(cos 50°) —(0.601 m/s)(sin 50°)

Apply the law of conservation of momentum to the system in the x and y
directions.
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x direction
Psys, = Psys,
D, T Di T D T Pr
0+0 =mev, +mevy

me v

Cx

_ [
vcf.x - mC fox

_ _ﬁzg jj {~(0.601 m/s)(cos 50°)}

=0.3863 m/s

= —ms foX

y direction
psysiy - psysfy

P, t Py, =Pt P,

mev., +0 =mev

iy Cy

L (ms

Ciy vcfy me i,
mg

Cp vci), - me vff),

=—(0.785 m/s) — [MJ {=(0.601 m/s)(sin 50°)}

160 ¢

T mgve

<
Il

<
Il

=-0.3246 m/s

Use the Pythagorean theorem to find the magnitude of v, .

2 2
v =) ()

2 2
= \/(0.3863 m/s) + (—0.3246 m/s)
=0.505 m/s

Use the tangent function to find the direction of v .

_ opposite
tan & adjacent

0.3246%
=_ /S
0.38637‘-g

S
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=0.8403
0 =tan ' (0.8403)
=40.0°
From the figure below, this angle is between v, and the positive x-axis. So the
direction of v, measured counterclockwise from the positive x-axis is
360° —40.0° = 320°.

+
y

0.3863 m/s

7, =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 mpg =255 kg
vy, = 0 m/s Vg =0.843 m/s [W]
Vg, =0.627 m/s [42.0° S of W]

before after

=+
&
Il
z
3
=+

Required

final velocity of bumper car A (V, )
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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.
Pa, =0

Resolve all velocities into west and south components.

Vector West component South component
Vi 0.843 m/s 0
Vg, (0.627 m/s)(cos 42.0°) | (0.627 m/s)(sin 42.0°)
Apply the law of conservation of momentum to the system in the west and south
directions.
W direction

pSySiW - pSySfW
Py, + Ps,, - Pay, + Ps,,
0 + mp vB|W = ma vAfW + mp vaW

mA VAI'W = mB( vBiW o VB[‘W )

_[MB
Vaw (m J (VB,W - Vg, )

) (255 }Qé} {0.843 m/s — (0.627 m/s)(cos 42.0°)}

230 k¢

=0.4180 m/s

S direction
pSysiS - psysfs
pAiS+pBiS :pAfS+prS

0+0 T IMAV, +vast
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mA vAfS - _mB vaS

_ ("B
vAfS T mA vaS

(255 K6 , o
- _£23O }’fé] {(0.627 m/s)(sin 42.0°)}

=-0.4651 m/s

Use the Pythagorean theorem to find the magnitude of v, .

vy =l F o+ ()

2 2
= \/(0.4180 m/s) + (-0.4651 m/s)
=0.625 m/s

Use the tangent function to find the direction of v, .

opposite
tan 0 = .
adjacent

0.4651 %
. S
0.4180 %
S

=1.113
0 =tan ' (1.113)
=48.1°

From the figure below, this angle is between v,, and the west direction.

=2

Y

0.4180 m/s

+ e

¥, = 0.625 m/s [48.1° N of W]
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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.

O

7P

50 cm
46 cm

<---__----__----__----__--

Phede o T e ad s o e TN 88 Ve e T A

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.

Ex lost = mgAh

B m - I'm
=(0.25 kg)(9.81 ;2‘) (50 cm - 46 cm)(100 ij

=0.098 kgem?/s*

=0.0981]
There were 0.098 J of kinetic energy lost during the collision.
8. Given

mr =95 kg m =115kg
Vi =4.8m/s [S] v, =4.1m/s [N]
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before after

N

nNne—>=+

VT: =48m/s

V,i’: 4.1m/s

@ Diagram is not to scale.

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.
l_jsysi = [_jsyst-

l?Ti + ﬁli = ﬁsysf

mrv, +my, = (mr+m)v;

. 1 . .
Ve T (mT + mlj (mT le + mlvli )

1
N (95 kg + 115 kg) {(95 kg)(—4.8 m/s) + (115 kg)(+4.1 m/s)}

=+0.074 m/s
v, =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

m, =0.160 kg ms =0.180 kg
¥, =0.563 m/s [67.0° S of W] 7, =0.274m/s [39.0° S of E]
v, =0.499 m/s [23.0° S of E]
before +
N
i @pool ball
snooker ball O i
V= 0274 ms i vy = 0563 m/s
; ;
w e L E
S
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after

snooker ball O

Required

final velocity of snooker ball (v, )

Analysis and Solution
Choose the pool ball and the snooker ball as an isolated system.

Resolve all velocities into east and north components.
+ +
N N

O T T S S

S

(7, TR S
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Vector East component North component
v, —(0.563 m/s)(cos 67.0°) —(0.563 m/s)(sin 67.0°)
v (0.274 m/s)(cos 39.0°) —(0.274 m/s)(sin 39.0°)
Vi, (0.499 m/s)(cos 23.0°) —(0.499 m/s)(sin 23.0°)

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

E direction
pSYSiE - pSYSfE
ppiE+pSiE :ppfﬁ+pst

mpv, + msv, = mpVv, + msV,

(mp')\/. TV 2(%)‘} +v
mg) P SiE mg Pte Ste
_ (M
Voo T (msj (vp‘f B vaE) + Vi
A
= (0 0 %J {—(0.563 m/s)(cos 67.0°) — (0.499 m/s)(cos 23.0°)}

0.180 k¢

+(0.274 m/s)(cos 39.0°)
=-0.3909 m/s

N direction

P sysiv p SySen
+ = +
prN pSiN ppf/v pst

mp vP.N + ms vsw - mp va + ms vSfN

m m
Ly o+ = v+
mg Piy Siv mg Pty Sty
m
jidd)
= - +
vsﬁv (msj (me' vPﬂv ) VS;N

- (0'160 K ] {~(0.563 m/s)(sin 67.0°) — [(0.499 m/s)(sin 23.0°)]}

0.180 k¢

+ {—(0.274 m/s)(sin 39.0°)}
=-0.4598 m/s
Use the Pythagorean theorem to find the magnitude of v, .
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2 2
= \/(—0.3909 m/s) + (—0.4598 m/s)
=0.603 m/s

Use the tangent function to find the direction of v, .

_ opposite
tan & adjacent

0.4598 ;f
. s
0.3909 %
S

=1.176
0 =tan' (1.176)
= 49.6°

From the figure below, this angle is between v, and the west direction.

T

i 0.3909 m/s

||
1
1
1
1
1
1
1
1
1
0.4598 m/s |
1
1
1
1
! VS" = 0.603 m/s
1
1
1
1
1

&
v =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
mr = 4.00 kg ma = 2.37 kg
‘7Ti = 18.5 m/s [0°] \7Af =19.7 m/s [325°]
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before +

Fﬁ =185m/s

cannon ball

Required

final velocity of fragment B (v )

Analysis and Solution

after +

fragment B

5

/‘:‘b\
325°
|
I
i N
A AN
]
2>
i % »
|
i »
I
I
i fragment A

Choose the cannon ball and the two fragments as an isolated system.
Since no mass is lost, find the mass of fragment B.

mg = mt—mMa
=4.00 kg — 2.37 kg
=1.63 kg

Resolve all velocities into x and y components.
+

+
X
Vector X component y component
\7Ti 18.5 m/s 0
Vi, (19.7 m/s)(cos 35°) —(19.7 m/s)(sin 35°)
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Apply the law of conservation of momentum to the system in the x and y
directions.

x direction

Poys. ™ Py,

N
§|§
o |3
N—

3’< = E

I Il |

VTR

SI¥ 3|3

TS

— I ¥

<

|

T

SE &

N—

ks

_ [4 .00 }fé](lg 5 m/s) — [%J {(19.7 m/s)(cos 35°)}

21.94 m/s
y direction

p Sysiy, 4 SYSgy,
= -
pSySiy pAfy pry
0 =mp Vi, + mp Vg,

mg vBﬁ,. = —ma VAfy

I RN
Ve, T T mp Vag

Il
|
VR
- NS
%)
~J

J {—(19.7 m/s)(sin 35°)}

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

2 2
Ve, ~ (vax) + (Vny)

2 2
= \/(21.94 m/s) + (16.43 m/s)
=274 m/s

Use the tangent function to find the direction of v; .
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opposite
adjacent

16.43 %
. S
21.94 %
S

=0.7490
0 =tan ' (0.7490)
=37°

From the figure below, this angle is between v, and the positive x-axis.

tan 6 =

+
y

16.43 m/s

N
“ N\

2194 m/s ————|

B, =27.4m/s[37°]

Paraphrase
The velocity of fragment B will be 27.4 m/s [37°] immediately after the
explosion.
11. Given
Mpat = 0.952 kg Mpanl = 0.145 kg
Voa, = 35.2 m/s [0°] Voar, = 40.8 m/s [180°]

Vo = 37.6 m/s [64.2°]
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before +

Voo, = 352 m/s

. Vl;alli =408 m/S @

after +

Required

final velocity of centre of mass of bat (v, )

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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y
Vl:allf ]
l) : +
____________ 64.2°) .
Vector X component y component
Vo, 352 m/s 0
Voal, —(40.8 m/s) 0
Voal (37.6 m/s)(cos 64.2°) (37.6 m/s)(sin 64.2°)

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

x direction
pSySiX = pSySfX

Do, T Poar. = Poat,. T Pra,

Mpat Vbatu, + Myall Vballu = Mpat Vbatfx + My vballﬁ,

v n Mbpall v -y i Mbpall v
bat;, Mbpat ball;, bat, Mbpat ballg,

Mpall

Voa, (mbatj (VballiX - Vbaufx) T Vo,

= [%] {—(40.8 m/s) — (37.6 m/s)(cos 64.2°)} + 35.2 m/s

0.952 k¢
=26.49 m/s
y direction

p SYSiy =P SYSt,
Phay;, + Prar,  ~ Pay, + P,

0+0 = mpa Voa,, T Mball Vo,

Mbat Vg, = ~Mball Vogy,
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=_-5.156 m/s

Use the Pythagorean theorem to find the magnitude of v, .

2 2
vbatf - (Vbatfx ) + (vbatf), )

2 2
= \/(26.49 m/s)” + (=5.156 m/s)
=27.0 m/s

Use the tangent function to find the direction of v, .

_ opposite
tan & adjacent

5.156 ;ﬁ(
. s
26.49 7‘%
S

=0.1946
0 =tan ' (0.1946)
=11.0°
From the figure below, this angle is between v, and the positive x-axis. So the

direction of v, measured counterclockwise from the positive x-axis is

360° —11.0° = 349°.

\ +
________ B X
349° ™ F _1_5.156 m/s
s

Voo, = 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 Géttingen, 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.
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