Chapter 3 Lecture

Conceptual

Sixth Edition

Chapter 3:
Momentum and
Energy
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Momentum

* Momentum—is inertia in motion
+ defined as the product of mass and velocity:
momentum = mv

* When direction is unimportant:
momentum = mass X speed

* Momentum is a vector quantity (direction of momentum
is the same direction of velocity). Remember to include
direction (you can use + and — to indicate the direction)

* Unit of momentum is kg.m/s = N.s
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Momentum

* Momentum (continued)
high mass or high velocity = high momentum

- high mass and high velocity = higher
momentum

* low mass or low velocity = low momentum
* |low mass and low velocity = lower momentum

Momentum

* Momentum of an object changes when either its mass
changes, its velocity changes or both change.

* Double mass means double momentum, triple mass
means triple momentum, and half mass means half
momentum and so on.

* Double speed means double momentum, triple speed
means triple momentum, and half speed means half
momentum and so on.

* Double mass and double speed means 4 times Am. d\J
momentum %ﬁ“\’
* Double mass and half speed means same momentum ) &k% ENGIAS
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Momentum
mognitnd-— O\
Example: What is th@of a 14 kg object having 122 kg.m/s
of momentum? D= ]&11,2%
100 WAN

M= oy
P = md

32k m (S = g N
\Uck\oB Vot e oy

Momentum
CHECK YOUR NEIGHBOR

A moving object has
A. momentum.

B. energy.

C. speed.

D. All of the above.



Momentum
CHECK YOUR ANSWER

A moving object has
A. momentum.

B. energy.

C. speed.

D. All of the above.

Momentum
CHECK YOUR NEIGHBOR

When the speed of an object is doubled, its
momentum

A. remains unchanged in accord with the
conservation of momentum.

B. doubles.
C. quadruples.
. decreases.

O
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Momentum

CHECK YOUR ANSWER

When the speed of an object is doubled, its

momentum

A. remains unchanged in accord with the
conservation of momentum.

B. doubles. P=mo

C. quadruples. o

D. decreases. 7= w0

AP

Conservation of Momentum

In every case, the momentum of a system cannot
change unless it is acted on by external forces.

* A system will have the same momentum both before and

after any interaction occurs. When the momentum does
not change, we say it is conserved.

Law of conservation of momentum:

* |n the absence of an external force, the momentum of
a system remains unchanged.

* Equation form:
(total momentum), e = (total momentum) ¢,
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Conservation of Momentum

« Collisions

« When objects collide in the absence of
external forces,
net momentum before collision = net momentum after collision
« Examples:
* Elastic collisions
* Inelastic collisions
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Conservation of Momentum

» Elastic collision

* is defined as a collision whereupon objects collide
without permanent deformation or the generation of
heat (that is, total kinetic energy is conserved (not
lost)). Elastic balls bounce!
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Conservation of Momentum

* In Figure (a)
* moving green ball hits yellow ball, initially at rest

* green ball comes to rest, and yellow ball moves away
with a velocity equal to the initial velocity of the green

ball
- In Figures (a) through(c) © O 9 &
- momentumis simply , Q0O v Q0=
transferred from one O -0 5f_ i—j
ball to the other. — =
® 0O_
c @@ .
® 0O
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Conservation of Momentum

Example: A 4 kg ball is moving to the right at 7 m/s when it collides with a 9
kg ball that is moving initially to the left at 12 m/s. If the larger ball continues
in the same direction after collision at 2 m/s, what is the speed of the smaller
ball after collision?
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Conservation of Momentum

* |nelastic collision

* is defined as a collision whereupon colliding objects
become tangled or coupled together, generating heat
(that is, total kinetic energy is not conserved).

(Inelastic collisions are often sticky.)
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Conservation of Momentum
CHECK YOVUR NEIGHBOR/ Mo = M = N

Freight Car A is moving|toward identical Freight Car B that
Ve =0 is(at rest| When they collide, both freight carﬁl‘é
2 together. Compared with the initial speed of Freight Car A,

the speed of the coupled freight cars is

A. the same. ™
AUa + ™M -
B. half, . o e\ = (n, *W\%)\J \
A
ice. " mk@—‘(m%m)w

D. None of the above.
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Conservation of Momentum
CHECK YOUR ANSWER

Freight Car A is moving toward identical Freight Car B that
is at rest. When they collide, both freight cars couple
together. Compared with the initial speed of Freight Car A,
the speed of the coupled freight cars is

A. the same.

B. half.

C. twice.

D. None of the above.

Explanation:

After the collision, the mass of the moving freight cars has
doubled. Can you see that their speed is half the initial
velocity of Freight Car A?

Conservation of Momentum

Example: A 5 kg ball of clay moving at 18 m/s undergoes a collision with a 4
kg ball of clay at rest. If the two baIItogether as a result of the
bal

collision, what is tf the two balls after collision?
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Conservation of Momentum
Vi=ur =0

K "Mz
Example: A 30 kg girl and a 25 kg boy face each other on frictionless roller

blades. The girl pushes the boy, who moves away at a speed of 6 m/s. What is

the resulting girl's speed? Uz ¢
o' e
g I —
(RN - mrJd1rt = (v ‘ \

Yo, o
R 1@y (o) = Ba)o) + C2soCoe )
(2900 + Q) = o)y + (2)(&)
© = GBI v 15
Y0 = =0 \)

\
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Energy and Work & VERQY TMPORTANT
included n Mayor T, Final

When you push a crate across a floor, you're doing work. The
the work done by you, by definition, is

Work = force applied x distance
@GJIW=Fxd

* Note that this formula applies'\\‘NFuve“n the force is in the
direction of the motion.

 If the force is opposite to the direction of motion (e.g. friction),
then the work done by that force is negative (W = -F x d)

 If the force is perpendicular to the direction of motion (for
example, the support force), then the work done by that force
is zero

+ Work is a scalar quantity. (doend nave o divech Oﬂx
+ The unit of work is N.m = Joule (J)

X wsoVe bj Leion o O\\Naﬂs -
+ WO 393 nownold 3 o\\o\\O\aS o
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Energy and Work

He may expend energy when he

pushes on the wall, but if the wall
doesn’t move, no work is done on the
wall. Energy expended becomes thermal
energy.

21
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Energy and Work

magndud Q
= q .
The word work, in common Y-m/s
usage, means physical or mental S
exertion. Don’t confuse the C“ ‘\Q((h Om
physics definition of work with _
the everyday notion of work. - (\’O ‘/‘/V\-Q \'@%

FIGURE 3.15

He may expend energy when he
pushes on the wall, but if the wall
doesn’t move, no work is done on
the wall. Energy expended becomes
thermal energy.
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Example: A box is moving to the right under the effect of a horizontal
force of 13 N. The opposing force of friction is 7 N. During a movement
of 256 m, calculate W= Fxd  w=\3»2s =2257

a) the work done by the force (Ans. 325 J)

b) the work done by friction Wg;, = —Frxd (Ans. -175J)

¢) the work done by gravity " * " (Ans. 0)
Cd) the work done by the support force (Ans. 0)
_e) The net work done on the object (Ans. 150 J)

ONOY 40 mdion= o

Lé WV‘\? - (?Q(PQ(\C\\
R = qereraiis o e =o

Wygh = D525 ¥ (-13F) 0 40 = \SQTJ
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Example: A box is moving to the right under the effect of a horizontal
force of 4S N. The opposing force of friction is IOQN. During a movement
of IS m, calculate

a) the work done by the force WF= F*d = < xS =g7s I

b) the work done by friction W& =-Fxd = "1ox\s- -\ <0

c) the work done by gravity W g = perpendicdiar o mohon-< ¢

d) the work done by the support force W = PAPNACUL Af 0 (i show
)

e) The net work done on the object =Q
Wree = 63T £ (1SO) ¥ O+ O = |S25]
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Energy and Work Csovne diwetan)
Twet = o

ﬂch—rdt W =0 -9) xd ?b{jw«e

Example: what is the work done by me in lifting a 1 kg box 1 m off the ground
at constant speed? (kg - 10) = \m =  \O Jouls

Example: what is the work done by me in lowering a 1 kg box1 m down to the W
floor at constant speed? ) kg . W)X (= VO Jou\es W= ﬂ"d ma
Example: | carry a box to the right across the floor at constant speed. Which of

the following shows the direction of the force | apply to the box? W= 100

(A) ———» (B) / (C) no force at all

E) 1

Example: how much work is done by me in carrying the box to the right at
constant speed?
Thyme

Yﬂy QYerpgndw(W) "o

Energy and Work

Example: Work is done in lifting a barbell. How much work is done in
lifting a twice-as-heavy barbell the same distance?

a) The same
b) half as much
c)pwice as much
) Not enough information

ywhr\sa AN\
E - A student carries a load of 500 N for a 100 m distance at
constant speed>Yhe work done by him is

a)5J  b) 50000 J d)0.2J €)05J —> Mafiov

Foyme
Y gerpordicular
W
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Energy and Work

* In general, energy is the property of a system that enables it
to do work.

* There are many forms of energy.

*  We will discuss two forms of energy:
1. Potential Energy = Stored Energy
2. Kinetic Energy = Energy of Motion

Q)Q“SMW\% MNOE © mo\)‘\r\a
Fomua
K.E.= Lyt = maosued indous
T
= L v omy

- Fomulo

Potential Energy (PE)

* Potential energy (also referred to as stored energy) is the
ability of a system to do work due to its position or internal
structure.

« Examples are energy stored in a spring, fuel, food, wood,
batteries,

* Potential energy is a scalar quantity with the same units as
work, joules (J).
» Here we will focus only on the gravitational potential energy

» Gravitational potential energy is the potential energy due to an
elevated position. The work done to lift the object at constant
speed is equal to the potential energy stored in the object.

« To lift an object at a constant speed, a force equal to its
weight (mg) is applied to move it to height (h)

26
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Potential Energy

» Therefore, the potential energy is: . PE= R
PE = mgh :
* Note: The work done against gravity

depends on the height and does not
depend on the path taken. e

N
Pl e s e

27

Potential Energy

Example: What is the gravitational potential energy of a 3
kg box placed at the top of a 25 m high building.

G+E- mgh
- = %kg

"9 - lomyy
.h:9~§

= 730N

28
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Kinetic Energy (KE)

Kinetic energy: A moving object has kinetic energy. is the
energy of an object in motion. In other words, it is the energy
possessed by an object due to its velocity.

The kinetic energy (KE) of an object of mass m moving with
speed v is defined as

KE—1 2
=5 mv

Kinetic energy is a form of energy, and its unit is Joule (J)
(same as work). K.E. is a scalar quantity (any energy is
scalar).

Kinetic Energy

Kinetic energy is directly proportional to the mass and
directly proportional to the square of velocity. For
example:

2m—>2K.E 2v>4K.E
3m—3K.E 3v—>9K.FE
Sm—>5K.E S5v—>25K.E
lm—)lK.E lv—)lKE
and so on and so on

15



Kinetic Energy
| (R
F.E=mM
F-E.=5mu
Example: An object of mass m= 1.5 Kg, moves with a velocity of 10 m/s
a) Calculate the kinetic energy of this object -‘.5_ - ) =357

b) What happens to ?ts KE ?f ?ts velocity ?s d?ubled? ;\ZC\' (20 1) = 3997
c) What happens to its KE if its velocity is tripled? 206 1) (quadnpley

’\‘,LCVT)C?;\F)

! )(>-10 )= L (1-52¢300) - g75T

EC\'g 2 - $3J
INQOID. by O

Example: What is the speed of a running woman of mass 60 kg having 1920 J
of kinetic energy? \
k.E.=-60-072
A

0= 2 €6t
Y920 = D6V 7

—_—

v | U= miS
. . \
Kinetic Energy KE=2 mo®
Example: A bicycle has a kinetic energy of 124 J. What kinetic energy
would the bicycle have if it had ... J M|V kB
a) Twice the mass and was moving at the same speed? YN '—5\, 2_%) -

Gam 5 2k E. 7 oax 12Uz 2UgT

b) The same mass and was moving whe speed?
s> wm [2U X\ = (_‘,O’bs CL)’L\J = Y -l‘—(jzl
c) One-half the mass and was moving with twice the speed?
—Zm  E.E doubless 104 x2 - 2U% J <20 =Yy
d) The same mass and was moving with one-half the speed? |
o m 2Ux = 23] & (3o - ¢
(/l - 3 2 u
e) three times the mass and was moving with one-half the speed?
G 2m |
Q—)@u) z _ ’Ll_{ 5

2 _ 2
’q)L-E. = ZUx =937

32
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Kinetic Energy :hme ZE%%

Example: Consider an 80 kg man and 320 kg horse both running along

a road with the same kinetic energy. The ma@

a) With the same speed as the horse.
b) 4 times as fast as the horse. l(,T: =\
L @Twice as fast as the horse. men None
Evnan ey d) 16 times as fast as the horse. "
KEY\ / \l V ™M o :/{W\ "L
ov\o "
0/\9 (\2
Z‘VKEMQY\ = kEhorS_Q % x \JqYY\O\Y\ = %—ZM
e )
Gyt
7/ maV\ — 1 \) 2 _ 4{( L. \(\ or
Nowe ™ hote man = N Se
A
L{' » B8O > U B /\/—\
Man.  ~ 2970 x J ’L\no)’%e
@ 30 SO N mon= 20 hote
33

Mechanical Energy (ME)

* The sum of the kinetic and potential energies of an
object is called the mechanical energy
ME = KE + PE
\

Z MY 4 ngh

Example: A 78-kg skydiver has a speed of 62 m/s at an altitude of 870
m above the ground.

a) Determine the kinetic energy possessed by the skydiver. i mo? o (P& (6 Ak

b) Determine the potential energy possessed by the skydiver. G%)C\Q)Cg:)o) =~ 67%,600 5
c) Determine the total r[nechanical energy Rossessed by the skydiver.

— 49 916

ME = KE+ PE
U Al + GAB, coc =BLE SLES

34
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Work-Energy Theorem

* Work-Energy Theorem: The net work done on an
object is equal to the change in the kinetic energy of
the object.

YW = AKE
1 1
YW = KE; — KE; = Emvf —Emviz

Example: How much work is required to increase the kinetic energy of
an object from 360 J to 1800 J?

Example: The speed of a 900 kg car is increased from 90 km/h to 126
km/h. Calculate the work done on the car. (270 kJ)
Note: 90 km/h = 25 m/s, 126 km/h= 35 m/s.

Conservation of Energy

* Principle of Conservation of Energy: Energy cannot be
created or destroyed, it may be transformed from one
form into another or transferred from one object to
another, but the total amount of energy never changes.

« If the only force doing work is the force of gravity, then the
mechanical energy of the object is conserved:

PE; + KE; = PE; + KE;

« Examples include:
* Free-fall (no air resistance)
* Pendulum (no frictional forces)
* Roller coaster (no engine or friction)

18



PE = 10,000 J
KE=0)J

o~

@ PE = 7500 J
KE = 2500 J

ity of Bob (m/s)

PE = 5000 J
KE = 5000 J
PE = 2500 J
KE = 7500 J

KE = 10,000 J
37
Conservation of Energy
No ME
Example: Ifair resistance is negligible; the sum of potential and kinetic
energies of a freely falling body
a) increases
b) decreases
c) becomes zero
@ remains the same (ME 1S corfone] wen aly resseince s
- W _ Uo_ e
Example: A 40 N object is released from a height of 10 m. Just before
it hits the ground, its kinetic energy, in joules is:
400 VI = om|§
3920 AN = 0m
c) 2800 LE - PEa
d) 4000 ‘
UE. = ME.
@( “'PE( = \CE"’{’QEL \V
-0
s O+ PE.z XE.*PE. o
N = (Om (s

0+ VY\@P\(: LEL_L Vo)

0+ YU = KEa +0
YOO (PEY= U QI (LE)
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W\'/%G&Lg and S y\Q\QQ-\/QA Lrom resy ot A
Na =\Sm Va= omiy

o) calcwae WA-B . ot A7
ME:=- ¢t + Bt

L
vy ngh

icyoo)co) Y+ (509U (s)

ME =+S000y

o

KE = —-m - A (S
2 Mo 2C§OQ) V]

PE = mgh = (O)UOXS) = 35000
UE =7 S00OT

13000 = t—\LC@OD\)’L ¥ 2§00
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c) calcuiar @ E Ve =1lom)y

KEZ = mot = '\{CSDOJQQY = 2T0QQJ
PE= mgh = &Jo)h

\I

OO0 h
ME: LEJ— PE

I000 = 2I000 + OO0
— 25000 — 25000

SDo = SS0h
m SDGC)

h.=1om
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Conservation of Energy

Example: The roller coaster
ride starts from rest at point A. A [\/
Rank these quantities from

greatest to least at each point: V\ &
a) Speed \ 8 A \
7}? Ve [ WA DA
) P | 1/“/\/\ SN DRI 4
Maximum at Minimum at
speed D A
KE D A
PE A D
Exercises

Example: An isolated object has 500 J of gravitational potential energy
and 300 J of kinetic energy at a certain location. If its kinetic energy is
increased to 700 J, what is its new gravitational potential energy?

Example: The shown roller coaster has a mass of 200 kg including
passengers. If its speed at point A is 4 m/s, calculate is its speed at
point@_peglecting air resistance and friction. (Ans. 17.8 m/s)

20
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-400

=106
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Sources of Energy

» The sun, which provides solar energy, is practically the source of all
our energy, except nuclear energy.

* Petroleum, Coal, Natural gas, and Wood originally came from
the sun since fuel are created by (photosynthesis).

* Sunlight evaporates water, which later falls as rain, rainwater
flows in to dams where it's directed to generator turbines.

* The energy of wind can be used to turn generator turbines
within specially equipped windmills.(and wind is caused by
unequal warming of Earth’s surface).

* Nuclear fuel — Uranium and plutonium

+ Itis the most concentrated source of usable energy and for the
same weight of fuel, nuclear reactions release about one million
times more energy than do chemical or food reactions.
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Sources of Energy

The ultimate source of energy for wind power, fossil fuel,
and rain is

a) Nuclear
b) Matter itself

c) Solar

d) None of the above
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