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| PAGE NO. 155

Define potential energy as the energy stored in the configuration of a system of objects that
exert forces on one another,

= Potential energy, U, is the energy stored in the
configuration of a system of objects that exert forces on
one another.

4 i

EXAMPLES OF POTENTIAL ENERGY ikt

Potential energy is stored energy. The energy comes from an object’s relative position, its electric charge,
internal stresses, or other factors.

-~

i

SI Potential Energy Units

I From the equation U = mgh the units of gravitational
p potential energy must be:

>

Raised Object Dynamite Bow and Arrow Stretched Rubber

kg (m/s?)-m = (kg-m/s*)'m = N'm = J

P | ?“"“,"’ ;

I
, /

This shows the SI unit for potential energy is the Joule, as 1t s for
work and all other types of energy.

o
V‘ Battery Roller Coaster

Dam Holding Water Sling Shot



(1) Identify that the work done by a conservative force along a closed path is zero: W 4_. 5, + PAGE NO
Wie—a = 0. )

(2) Identify that for a particle moving between two points, the work done by a conservative force 158
does not depend on the path taken by the particle : W 4 oy o = Wia— gy parn

1. If we know the work, W, 5, done by a conservative force on an object as the
object moves along a path from point A to point B, then we also know the work,
Wj_, 4, that the same force does on the object as it moves along the path in the
reverse direction, from point B to point A (see Figure 6.5b):

Wy, 4 =—- W, _,; (for conservative forces). (6.4)

The proof of this statement is obtained from the condition of zero work over a
closed loop. Because the path from A to B to A forms a closed loop, the sum of the
work contributions from the loop has to equal zero. In other words,

Wap +Wp_4 =0,
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15
FIGURE 6.5 Various paths for the potential energy related to a conservative force as a function of positions
x and y, with U proportional to y. The two-dimensional plots are projections of the three-dimensional plots
onto the xy-plane. (a) Closed loop. (b) A path from point A to point B. (c) Two different paths between points A
and B.

. 2. If we know the work, W, 5 .. 1> done by a conservative force on an object moving
along path 1 from point A to point B, then we also know the work, W, g . 2,
done by the same force on the object when it uses any other path (path 2) to go
from point A to point B (see Figure 6.5¢c). The work is the same; the work done by
a conservative force is independent of the path taken by the object:

WA—»B.palh 2= WA—»B,palh | (6'5)

(for arbitrary paths 1 and 2, for conservative forces).




Relate the work done by the gravitational force and the gravitational potential energy for an Example 6.1
object lifted from rest to a height h as: 4U7,= — W, Exercises Q. 6.32

g’

6.1 Weightlifting

PROBLEM

Let’s consider the gravitational potential energy in a specific situation: a weightlifter lifting a
barbell of mass m. What is the gravitational potential energy and the work done during the
different phases of lifting the barbell?

SOLUTION

The weightlifter starts with the barbell on the floor, as shown in Figure 6.2a. At y = 0, the
gravitational potential energy can be defined to be U, = 0. The weightlifter then picks up the
barbell, lifts it to a height of y = h/2, and holds it there, as shown in Figure 6.2b. The gravita-
tional potential energy is now U, = mgh/2, and the work done by gravity on the barbell is
W, = -mgh/2. The weightlifter next lifts the barbell over his head to a height of y = h, as shown
in Figure 6.2c. The gravitational potential energy is now U, = mgh, and the work done by grav-
ity during this part of the lift is again W, = -mgh/2. Having completed the lift, the weightlifter
lets go of the barbell, and it falls to the floor, as illustrated in Figure 6.2d. The gravitational
potential energy of the barbell on the floor is again U, = 0, and the work done by gravity dur-
ing the fall is W, = mgh.




if AU, is positive, there exists
the potential (hence the name potential energy) to allow AU, to be negative in the future,
thereby extracting positive work, since W, = -AU,.




6.32 a) If the gravitational potential energy of a 40.0-kg rock is 500. ]
relative to a value of zero on the ground, how high is the rock above the
ground?

b) If the rock were lifted to twice its original height, how would the value
of its gravitational potential energy change?

| THINK: The rock’s mass is m = 40.0 kg and the gravitational potential energy is U , =500. J. Determine:

(a) the height of the rock, h, and
(b) the change, AU, if the rock is raised to twice its original height, 2h.

SKETCH:
............. L SEEEE T
Final }
h
T T
Inital
h

RESEARCH: Use the equation U, =mgh. Note: AU =U, -U,_ .




SIMPLIFY:

U
(a) U, =mgh=>h=—
, mg

AL

(b) AU, =U, -U

=mg(2h)—mgh

= mgh
= Ug

CALCULATE:
(a) h:SO—(llz_: 1.274 m
40.0 kg(9.81 m/s’ )
(b) AU, =500.]
ROUND:
(a) h=1.27 m
(b) AU, =500.J does not need to be rounded.



e e 3 e e : st . Exercises Q./6.31/6.32/6.33
Calculate the gravitational potential energy of a particle -Earth system (I, = mgy). Additional Exercises Q./6.66

6.31 What is the gravitational potential energy of a 2.00-kg book 1.50 m
above the floor?

THINK: The mass of the book is m = 2.00 kg and its height above the floor is h = 1.50 m. Determine the
gravitational potential energy, U,.

SKETCH:

0

‘ | RESEARCH: Taking the floor’s height as U, =0, U, for the book can be determined from the formula
o U, =mgh.
SIMPLIFY: It is not necessary to simplify.

CALCULATE: U, =(2.00 kg)(9.81 m/s”)(1.50 m)=29.43 ]

ROUND: The given initial values have three significant figures, so the result should be rounded to
U,=294].




6.32 a) If the gravitational potential energy of a 40.0-kg rock is 500. ]
relative to a value of zero on the ground, how high is the rock above the
ground?

b) If the rock were lifted to twice its original height, how would the value
of its gravitational potential energy change?

| THINK: The rock’s mass is m = 40.0 kg and the gravitational potential energy is U , =500. J. Determine:

(a) the height of the rock, h, and
(b) the change, AU, if the rock is raised to twice its original height, 2h.

SKETCH:
............. L SEEEE T
Final }
h
T T
Inital
h

RESEARCH: Use the equation U, =mgh. Note: AU =U, -U,_ .




SIMPLIFY:

U
(a) U, =mgh=>h=—
, mg

AL

(b) AU, =U, -U

=mg(2h)—mgh

= mgh
= Ug

CALCULATE:
(a) h:SO—(llz_: 1.274 m
40.0 kg(9.81 m/s’ )
(b) AU, =500.]
ROUND:
(a) h=1.27 m
(b) AU, =500.J does not need to be rounded.



6.33 A rock of mass 0.773 kg is hanging from a string of length 2.45 m on
the Moon, where the gravitational acceleration is a sixth of that on Earth.
What is the change in gravitational potential energy of this rock when it is
moved so that the angle of the string changes from 3.31° to 14.01°? (Both
angles are measured relative to the vertical.)

THINK: The rock’s mass is m = 0.773 kg. The length of the string is L = 2.45 m. The gravitational
acceleration on the Moon is g, =g/6. The initial and final angles are 6§ =3.31° and 6=14.01°,
respectively. Determine the rock’s change in gravitational potential energy, AU.

RESEARCH: To determine AU , the change in height of the rock, Ah, is needed. This can be determined
using trigonometry. Then AU =mg,, Ah.

SIMPLIFY: To determine Ah: Ah=Lcos8, —Lcosé =L(cos&, —cosé). Then

AU =mg,Ah= émgL( cosB, —cosb).

CALCULATE: AU= é(o.773 kg)(9.81 m/s” }(2.45 m)(cos(3.31°)—cos(14.01°)) =0.08694 ]

ROUND: With three significant figures in the values, the result should be rounded to AU =0.0869 J.




6.66 A ball of mass 1.84 kg is dropped from a height y, = 1.49 m and then
bounces back up to a height of y, = 0.87 m. How much mechanical energy is
lost in the bounce? The effect of air resistance has been experimentally found
to be negligible in this case, and you can ignore it.

THINK: The mass of the ball is m = 1.84 kg. The initial height is y, =1.49 m and the second height is
y, =0.87 m. Determine the energy lost in the bounce.

Kl

RESEARCH: Consider the changes in the potential energy from y, to y,. The energy lost in the bounce is

| given by U, -U.,.

SIMPLIFY: E_, =mgy, —mgy, =mg(y,—v,)

CALCULATE: E_ =(1.84 kg)(9.81 m/s*)(1.49 m—-0.87 m)=11.2]

lost

ROUND: Since the least precise value is given to two significant figures, the result isE,_, =11].

lost




Calculate the work done by the gravitational force in lifting or lowering an object. Example 6.1

6.1 Weightlifting

PROBLEM

Let’s consider the gravitational potential energy in a specific situation: a weightlifter lifting a
barbell of mass m. What is the gravitational potential energy and the work done during the
different phases of lifting the barbell?

SOLUTION

The weightlifter starts with the barbell on the floor, as shown in Figure 6.2a. At y = 0, the
gravitational potential energy can be defined to be U, = 0. The weightlifter then picks up the
barbell, lifts it to a height of y = h/2, and holds it there, as shown in Figure 6.2b. The gravita-
tional potential energy is now U, = mgh/2, and the work done by gravity on the barbell is
W, = -mgh/2. The weightlifter next lifts the barbell over his head to a height of y = h, as shown
in Figure 6.2c. The gravitational potential energy is now U, = mgh, and the work done by grav-
ity during this part of the lift is again W, = -mgh/2. Having completed the lift, the weightlifter
lets go of the barbell, and it falls to the floor, as illustrated in Figure 6.2d. The gravitational
potential energy of the barbell on the floor is again U, = 0, and the work done by gravity dur-
ing the fall is W, = mgh.




if AU, is positive, there exists
the potential (hence the name potential energy) to allow AU, to be negative in the future,
thereby extracting positive work, since W, = -AU,.




Calculate the work done by friction force for an object sliding across a horizontal surface between | Student Book
two points: Wy=f-AX= = f-(x = x,)=— umg-(x = x,) Concept Check 6.1

Concept Check 6.1 | | — )
‘ , = = deN =
A person pushes a box of mass B Srep (D { ¥ —“*"-ma-
m a distance d across a floor. The o 2 e d
coefficient of kinetic friction between "F

the box and the floor is y,. The person 5’r££ @ s cose @ Ne "”f_“‘w‘* TS, (,"’“_!)
then picks up the box, raisesittoa -

height h, carries it back to the starting [ O e Box +
i ¢Hon ) Fled)
point, and puts it back down on the No. fsreite ( B '_’C —

floor. How much work has the person '—Gi =
done on the box? m‘,;ﬂ

a) zero : Tota] work !

b) umagd b | /?d — MK"W&*&}-“‘—Q—J‘ (/’Décl)

¢) umagd+ 2mgh

‘ —

d) pymagd-2mgh

e) 2u.mgd + 2mgh




Determine the change in potential energy due to spring force: Student Book 160-161
) 1 . 1 .
AU, =U.(y) = Uy,)= Eﬁ:xl - Ekxal MCQ. 6.1/6.5/6.6/6.9 182

6.1 A block of mass 5.0 kg slides without friction at a speed of 8.0 m/s on a
horizontal table surface until it strikes and sticks to a horizontal spring (with
spring constant of k = 2000. N/m and very small mass), which in turn is attached
to a wall. How far is the spring compressed before the mass comes to rest?

a) 0.40 m ¢) 0.30 m e) 0.67 m
" b) 0.54m d) 0.020 m

4 £
6.5 Which of the following is not a valid potential energy function for the
spring force F = —kx?
a) (+)kx? ¢) (kK -10] e¢) None of the above




6.6 You use your hand to stretch a spring to a displacement x from its equilib-
rium position and then slowly bring it back to that position. Which is true?

a) The spring’s AU is positive.  d) The hand’s AU is negative.

b) The spring’s AU is negative.  ¢) None of the above statements is true.

¢) The hand’s AU is positive.

. 6.9 A spring has a spring constant of 80. N/m. How much potential energy
does it store when stretched by 1.0 cm?

a) 4.0-107°] c) 80] e) 0.8]
b) 0.40] d) 800]




Apply the law of conservation of mechanical energy for an isolated system (no external forces) MCQ. 6.2
with no dissipative forces involved, to calculate different physical quantities. Conceptual Questions 6.18

6.2 A pendulum swings in a vertical plane. At the bottom of the swing, the
kinetic energy is 8 ] and the gravitational potential energy is 4 J. At the highest
position of the swing, the kinetic and gravitational potential energies are

a) kinetic energy = 0 ] and gravitational potential energy =4 J.

b) kinetic energy = 12 J and gravitational potential energy = 0 J.

¢) kinetic energy = 0 ] and gravitational potential energy = 12 J.

} d) kinetic energy = 4 ] and gravitational potential energy = 8 J.
‘B ¢) kinetic energy = 8 ] and gravitational potential energy = 4 .



6.18 Two identical billiard balls start at the same height and the same time
and roll along different tracks, as shown in the figure. End

a) Which ball has the highest speed at the end?
b) Which one will get to the end first? ’ i"k .
W i SaAS ———'—'——'——_‘__________?

(a) Assuming both billiard balls have the same mass, m, the initial energies, E,. and E, are given by

E,,=mgh and E, =mgh. The final energy is all due to kinetic energy, so the final energies are
E,=(mv,)/2 and E, =(mv,’)/2. By conservation of energy (assuming no loss due to friction),
E, = E;. For each ball the initial and final energies are equal. This means mgh=(mv; )/2= v, =/2gh

and mgh=(mv," )/2> v, = J2gh. Therefore, v, =v,. The billiard balls have the same speed at the end.

(b) Ball B undergoes an acceleration of a and a deceleration of —a due to the dip in the track. The effects of
the acceleration and deceleration ultimately cancel. However, the ball rolling on track B will have a greater
speed over of the lowest section of track. Therefore, ball B will win the race.




9 | Define linear momentum. Student Book

DEFINITION OF LINEAR MOMENTUM

The linear momentum of an object is the product
of the object’'s mass times its velocity:

pR—

p =mv

Linear momentum is a vector quantity and has the same
direction as the velocity.

Kilogram - meter second (kg-m's)




pe Student Book

Relate momentum to kinetic energy K= o Exercises/ Q./7.25

Momentum and Kinetic Energy

In Chapter 5, we established the relationship, K= mv* (equation 5.1), between the kinetic
energy K, the speed v, and the mass m. We can use p = mv to obtain

2 222 2
myv myv
K: — :p

i\ This equation gives us an important relationship between Kkinetic energy, mass, and momentum:




7.25 A car of mass 1200. kg, moving with a speed of 72.0 mph on a highway,
passes a small SUV with a mass l% times bigger, moving at 2/3 the speed
of the car.

a) What is the ratio of the momentum of the SUV to that of the car?
b) What is the ratio of the kinetic energy of the SUV to that of the car?

v

THINK: Compute the ratios of the momenta and kinetic energies of the car and SUV.

3 2
m__= 1200. kg, Mgy = 1-5”’w =;mcar, V., = 72.0 mph, and Vsuv =§vm.

—

¥
l r
i &

{| RESEARCH: R
U () p=my

(b) K = lmv2
2




SIMPLIFY:
( 3 2 ) ’ncar ( 2 3 ) vc.ar

m._v m

car dqar car aqar

suv _ MsuyVsuy

-

K SUV ( 1 2 ) ' nSU\r V;TU\.' o ( 3 / 2 )’ncar ‘ ( 2 3 )vcar )

1

K, (12)m_v: m_v:

car car aar

CALCULATE:

3/2)(2/3
(a) Psuv - ( / )( - )=
pCdf 1

o (372)(273)  (3/2)(4/9
(b) II<<‘”“‘=( )(1 )=( )1( )=2/3=0.6667

&ar

1

ROUND: (a) 250V —10 (b) Kswv
Pcar KCJ]’

=0.67




11

Calculate the linear momentum of a particle as the product of the particle’s mass and
velocity (P=mv)

Student Book
Exercises/ Q./7.24

189
217

7.24 Rank the following objects from highest to lowest in terms of momentum

and from highest to lowest in terms of energy.

a) an asteroid with mass 10° kg and speed 500 m/s

b) a high-speed train with a mass of 180,000 kg and a speed of 300 km/h

| ¢) a 120-kg linebacker with a speed of 10 m/s
d) a 10-kg cannonball with a speed of 120 m/s

e) a proton with a mass of 2- 107 kg and a speed of 2-10° m/s

m V
(@) | 10° kg 500 m/s
(b) | 180,000 kg | 300 km/h
(c) | 120 kg 10 m/s
(d) | 10kg 120 m/s
(e) | 2.107 kg | 2-10° m/s

RESEARCH: E= lrnv2

2

—

, p=myv




CALCULATE:

(a) E=%(10‘"' kg)(500 m/s)" =1.3-10" J, p=(10" kg)(500 m/s)=5.0-10% kg m/s,

—

7
\

(1000 m/km | i
| ,l —=6310" .
| 3600s/h )/

1000 m/km | —1.5.107 kg m/s
3600 s/h )

(b) E=—(1.8-10" kg (300 km/h)

p=(1.8-10° kg)[f (300 km/h ){

(c) p,= 2(49.5])(0.442 kg)sin58.0°=5.610 kgm/s, p=(120 kg)(10 m/s)=1200 kg m/s

(d) E=%(10 kg)(120 m/s)* =7.2-10" J, p=(10kg)(120 m/s)=1200 kg m/s

(e) E=%(2-10‘37 kg)(2-10° m/s)2 =4.10"], p=(2-10"7 kg)(2-10° m/s)=4-10"" kg m/s
2 -
Al

DOUBLE-CHECK: In order from largest to smallest energy: (a), (b), (d), (c), (e); and momentum: (a),
(b), (d) =(c), (e).




Apply the conservation of linear momenta for an isolated system of particles to relate the initial
momenta of the particles to their final momenta at any later instant

MCQ. 7.3 /7.4

7.3 The figure shows sets of possible momentum vectors before and after a
collision, with no external forces acting. Which sets could actually occur?

Before After

P P> PP
(2) — — = —

* N N/

Masses sticking
(d) \ / together after collision

A
7.4 The value of the momentum for a system is the same at a later time as
at an earlier time if there are no
a) collisions between particles within the system.
b) inelastic collisions between particles within the system.
c) changes of momentum of individual particles within the system.
d) internal forces acting between particles within the system.
e) external forces acting on particles of the system.




Identify that collisions can be either elastic, partially inelastic or totally inelastic

7.11 For a totally elastic collision between two objects, which of the
following statements is (are) true?

a) The total mechanical energy is conserved.

b) The total kinetic energy is conserved.

c) The total momentum is conserved.

d) The momentum of each object is conserved.

e) The kinetic energy of each object is conserved.

7.12 For a totally inelastic collision between two objects, which of the
following statements is (are) true?

a) The total mechanical energy is conserved.

b) The total kinetic energy is conserved.

c¢) The total momentum is conserved.

)
d) The total momentum after the collision is always zero.
)

e) The total kinetic energy after the collision can never be zero.

MCQ. 7.11/7.12




Solve problems related to elastic collisions in one dimension. MCQ. 7.10

7.10 A red curling stone moving with a speed of 2.0 m/s collides head-on
with a yellow curling stone at rest (totally elastic collision). What are the
speeds of the two curling stones just after the collision?

a) The red stone is at rest, and the yellow stone is moving with a speed of
2.0 m/s.

b) The red stone and the yellow stone are both moving with a speed of 1.0 m/s.

c) The red stone bounces off the yellow stone and moves with a speed of
2.0 m/s, and the yellow stone remains at rest.




Apply the conservation laws of momentum and total kinetic energy for elastic collisions in one

dimension for the special case of equal masses and show that the two objects simply exchange Student Book 197
15 | their momenta and velocities where: Exercises/ Q.7.51 219
Pf:l.:: u P';-.l_x, . Pf:.’.r'- = P‘l 1.x)} and ”fl 1.x) = ”‘!‘:,rl /"', ”J'l;!xl = “‘il x)

in an elastic collision, the sum of the kinetic energies has to remain constant.

for conservation of Kinetic energy can be written as The equation for conservation of momentum

L i_ Y=

2 2 2 2 Zx
I Pr1,x 4 Prax e Piix a P2 x Pfl..\' = pf?..x Ve pil,x 23 Pﬁ2,x‘

2m; 2m, 2m; 2m,

-—

‘ 4 we can also obtain expressions for the final

= 2 velocities by using p, = mv.:
the components of the final momentum vectors: FUSICE Ly X

( \ { \
Prix=|—"———|PuxT|— | Pi2x Vet = —| % %+
&ml-l—mzj \m1+mz, km]"‘mz) \nzl—i-mz)
[ \ ( ) ( \ { \
_|_2m | BTN 2m, | my—-m,
Prax = PaxT Pi2x- Ve~ Was T
ST ST |my+m; | | my+m;




Special Case 1: Equal Masses

If m, = m,, the general expressions in equation 7.12 simplify considerably, because the terms
proportional to m, — m, are equal to zero and the ratios 2m,/(m, + m,) and 2m, /(m, + m,)

become unity. We then obtain the extremely simple result
Prix = Piax
Pr2x = Piax-

(for the special case where m; =m,)

The initial momentum of object 1 becomes the final momentum of object 2. The same is true for
the velocities:

Virx = Viox

-

(for the special case where m, =m,) (7.16)




+»7.51 You notice that a shopping cart 20.0 m away is moving with a
velocity of 0.700 m/s toward you. You launch an identical cart with a
velocity of 1.10 m/s directly at the other cart in order to intercept it. When
the two carts collide elastically, they remain in contact for 0.200 s. Graph
the position, velocity, and force for both carts as a function of time.

THINK: Two carts, separated by a distance x, =20.0 m, are travelling towards each other with speeds

v, =1.10 m/s and v, =0.700 m/s . They collide for At =0.200 s. This is an elastic collision. I need to plot
xvs.t,vvs.tand Fvs. £.

+y

RESEARCH: Use the conservation of momentum and energy to get the speeds after collision. Then use
the impulse J = FAt = Ap to get the force.




SIMPLIFY: First, need the position of the collision. Using x=x, +v,t = x,=0+vf and x, =x,—v.f,

x,=x,=vit=x,-v,t = t=x,/(v,+v,). Conservation of momentum:

1 5 a G il = 3 :
—myy LV =—mVy +—mLVy

2 2 2 2

., ] 2

. 2 2 2
Va " Va=Vp —Vy

i1 — Yy H_pi] + V5 }={Fﬂ — Vi H_Uﬂ 'i'“'g}

Vo, + V¥V, =¥, +V,

Vo =Vy T V¥y — Vi




Substituting back into (1):
V, — Vg =V + V=V, —V, = 2V, =2v, = v, =v, and v, =v,,.

-

The change of momentum is Ap, =m(v, —v, )=m(v, —v,, ). The force on the other cart is

Ap, miv,—v,
P;At — Ap., = P‘1 = p" — ( I
- ) - At At

The force on your car is equal and opposite.

CALCULATE: The time for the collision to occur is f = 20.0m =11.11s and during this

0.700 m/s+1.10 m/s
time the other cart has moved x=(0.700 m/s)(11.11s)=7.78 m.

ROUND: For the two calculations shown above three significant figures are required: #=11.1sand
x=7.78 m.
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(1) Relate the work done by the gravitational force and the gravitational potential energy for an object Example 6.1
lifted from rest to a height h as: 4U,= — W}, Exercises/ Q./6.1/6.2

(2) Calculate thg change in gravitational potential energy of a mass as: AU, = U,(y) = Uy(y,) =
mg (y — ¥,) = mgh.
4 2 : : . 1 2 >
(3) Determine the change in potential energy due to spring force: AU, = U, (y) — U,(y,)= =kx= - é kx,=

Exercises/ Q./6.41/6.44
Additional Exercises/ Q./6.82

6.1  Weightlifting

PROBLEM

Let’s consider the gravitational potential energy in a specific situation: a weightlifter lifting a
barbell of mass m. What is the gravitational potential energy and the work done during the
different phases of lifting the barbell?

SOLUTION

The weightlifter starts with the barbell on the floor, as shown in Figure 6.2a. At y = 0, the
gravitational potential energy can be defined to be U, = 0. The weightlifter then picks up the
barbell, lifts it to a height of y = h/2, and holds it there, as shown in Figure 6.2b. The gravita-
tional potential energy is now U, = mgh/2, and the work done by gravity on the barbell is
W, = —-mgh/2. The weightlifter next lifts the barbell over his head to a height of y = h, as shown
in Figure 6.2c. The gravitational potential energy is now U, = mgh, and the work done by grav-
ity during this part of the lift is again W, = -mgh/2. Having completed the lift, the weightlifter
lets go of the barbell, and it falls to the floor, as illustrated in Figure 6.2d. The gravitational
potential energy of the barbell on the floor is again U, = 0, and the work done by gravity dur-
ing the fall is W, = mgh.

155
183
184
186




if AU, is positive, there exists
the potential (hence the name potential energy) to allow AU, to be negative in the future,
thereby extracting positive work, since W, = -AU,.




6.41 A ball is thrown up in the air, reaching a height of 5.00 m. Using energy §
conservation considerations, determine its initial speed.

e = = - -y

THINK: The maximum height achieved is H__ =5.00 m , while the initial height A, is zero. The speed of

the ball when it reaches its maximum height is v = 0. Determine the initial speed.
Ll

-

"~ .
RESEARCH: In an isolated system with only conservative forces, AE__=0. Then, AK=-AU. Use

U=mgH_, and K=mv' /2.

max

SIMPLIFY: K, -K, = —(U_,. -U. ) =U;-U,,s0 %mv2 —%mvo2 =mgh, —mgH ___.

Substituting v=0and h, =0 gives the equation -émvo2 =-mgH___ . Theretfore, v, = ,/ZgHw :

CALCULATE: v, =,[2(9.81 m/s* )(5.00 m) =9.9045 m/s
ROUND: With three significant figures in H

v, =9.90 m/s.

max ?




+6.44 A classmate throws a 1.00-kg book from a height of 1.00 m above the
ground straight up into the air. The book reaches a maximum height of 3.00 m
above the ground and begins to fall back. Assume that 1.00 m above the

ground is the reference level for zero gravitational potential energy. Determine

a) the gravitational potential energy of the book when it hits the ground.

b) the velocity of the book just before hitting the ground.

THINK: The book’s mass is m = 1.0 kg. The initial height is y, =1.0 m, where U, =0, the maximum
height is H = 3.0 m, and the final height is y. =0 m. Determine (a) the potential energy of the book when

it hits the ground, U,, and (b) the velocity of the book as it hits the ground, v;. The book is thrown
straight up into the air, so the launch angle is vertical. The sketch is not a plot of the trajectory of the book,

but a plot of height versus time.




RESEARCH:
(a) Gravitational potential energy is given by U, =mgh. To compute the final energy, consider|the height

relative to the height of zero potential, y, =1.0 m.
(b) To determine v, , consider the initial point to be at y=H (where v=0), and the final point to be at

the point of impact y= y. =0. Assume there are only conservative forces, so that AK =—-AU. AU

between Hand y, is unaffected by the choice of reference point.
SIMPLIFY:
(a) Relativeto U, =0at y,, the potential energy of the book when it hits the ground is given by

U, =mgh=mg(y.—y,)
(b) AK=-AU= K,-K,=—(U,-U,). With v=0 at the initial point, K,=U,-U, and

(1/2)mv> =mgH —mgy. = mgH. Solving for v, gives the equation: v, =—/2gH. The negative root is

chosen because the book is falling.




CALCULATE:
(a) U, =(1.0kg)(9.81 m/s*)(0-1.0m)=-9.81]

(h). vy==, 2(_9.81 m/s” )(3.0 m) =-7.6720 m/s

ROUND: With two significant figures in m, y. and H:

(a) Ug =-98]
(b) v, = —7.7 m/s,or 7.7 m/s downward.
| DOUBLE-CHECK: U, should be negative at y,, relativeto U, =0 at y,, because there should be a loss

§ of potential energy. Also, it is sensible for the final velocity of the book to be directed downward.




+6.82 A 1.00-kg block compresses a spring for which k = 100. N/m by
20.0 cm; the spring is then released, and the block moves across a horizontal,
frictionless table, where it hits and compresses another spring, for which

k =50.0 N/m. Determine

a) the total mechanical energy of the system,
b) the speed of the mass while moving freely between springs, and

c) the maximum compression of the second spring.

L N

| THINK: A 1.00 kg block is moving between two springs with constants k =100. N/m and

I k, =50.0 N/m. If the block is compressed against spring 1 by 20.0 cm, determine
1 (a) the total energy in the system,
" (b) the speed of the block as it moves from one spring to the other and

(c) the maximum compression on spring 2.

\

1




SKETCH:
(a)

k, = 50.0 N/m v,=0  k =100.N/m

1 kg
| &

¥y=20.0cm




RESEARCH:
(a) The total mechanical energy can be determined by recalling that in a conservative system

E_ =constant=U__ =K__ . U__ can be determined from spring 1: U__ = —k 2%

b) K, =U_, = (mv?_)/2=(kV

v__ anytime it is not touching a spring.

max

J/2. Since the system is conservative, the speed of the block is

max, |

(c) The compression on spring 2 can be determined by the following relation:

A == 1\1 =K__

max,2 2 " max, 2

SIMPLIFY: CALCULATE:

. (a) E. =%(1oo. N/m)(20.0-10% m)’ =2.00 ]

l max,l

-—

(100. N/m)

(b) v, =(20.0-107 m)\/ : -~ =2.00 m/s
(b) V max _tmul n.ul 1.00 kg

2(2.007) r
() x__,= =2.83-100 m=28.3cm
- 50.0 N/m




(1) Define mechanical energy as the sum of kKinetic energy and potential energy (E = K + U).

(2) State the law of conservation of mechanical energy: "For a mechanical process that occurs EXERCISE
inside an isolated system and involves only conservative forces, the total mechanical energy is QUE.
conserved; AE,,,,.”, =4K+4U =0 or K+U=K, + U,. 6.45/6.47

(3) Apply the work-Kinetic energy theorem to relate the work done by a force and the resulting PAGE NO. 184

change in Kinetic energy.
(4) Calculate the work done by friction force for an object sliding across a horizontal surface

between two points: l"szf-A.fz - f(x = x,)=—pmg-(x — x,)

i

r

=  The mechanical energy, E, is the sum of the kinetic energy

and the potential energy: E= K + U.

\

The total mechanical energy is conserved for any
mechanical process inside an isolated system that involves
only conservative forces: AE = AK + AU = 0. An alternative
way of expressing this law of conservation of mechanical
energy is K + U = K, + U,,.



+6.45 Suppose you throw a 0.0520-kg ball with a speed of 10.0 m/s and at
an angle of 30.0” above the horizontal from a building 12.0 m high.

a) What will be its kinetic energy when it hits the ground?
b) What will be its speed when it hits the ground?

o

- THINK: The ball's mass is m = 0.0520 kg. The initial speed is v, =10.0 m/s. The launch angle is

8, =30.0°. The initial height is h, =12.0 m. Determine:
(a) kinetic energy of the ball when it hits the ground, K, and
(b) the ball’s speed when it hits the ground, v.

s v K -’
,A'f —
4
Gl
» l. : L4
ACSNS |




RESEARCH: Assuming only conservative forces act on the ball (and neglecting air resistance),
AK =-AU. K, can be determined using the equations AK =-AU, K = mv® /2 and U =mgh. Note that

U, =0, as h=0. With K, known, v can be determined.

SIMPLIFY:

(a) AK=-AU = K,~K,=U.—-U,=U. = K, =U. +K, =mgh_ +—mv?

2
(b) K}=%mv2 = v=2K, /m

CALCULATE:

(a) K, =(0.0520 kg)(9.81 m/s?)(12.0 m)+%(0.0520 kg)(10.0 m/s)" =6.121 J+2.60 ] =8.721]

(b) v=_2(8.721])/(0.0520 kg) =18.32 m/s
ROUND: W ith/m having three significant figures, K. =8.72 Jand v = 18.3 m/s.




+6.47 a) If you are at the top of a toboggan run that is 40.0 m high, how

fast will you be going at the bottom, provided you can ignore friction
between the sled and the track?

b) Does the steepness of the run affect how fast you will be going at the
bottom?

c) If you do not ignore the small friction force, does the steepness of the track
affect the value of the speed at the bottom?

A
THIVI\ The mltlal helght is h = 40.0 m. Determine:

,‘ﬂ ' (a) the speed v, at the bottom, neglecting friction,

(b) if the steepness affects the final speed; and
(c) if the steepness affects the final speed when friction is considered.




RESEARCH:
(a) With conservative forces, AK = —-AU. vcan be determined from K = (mvf2 )/ 2 and U = mgh.

(b and c) Note that the change in the angle & affects the distance, d, traveled by the toboggan: as & gets

larger (the incline steeper), d gets smaller.
(c) The change in thermal energy due to friction is proportional to the distance traveled: AE, = 1, Nd. The

total change in energy of an isolated system is AE,_ =0, where AE,_ =AK+AU+AE,, and AE,
denotes the non-conservative energy of the toboggan-hill system (in this case, friction).




SIMPLIFY:
(a) With K. =0 (assuming v, =0) and U, =0 (taking the bottom to be h =0):

K. =U = %mv,.2 =mgh = v, =,/2gh

(b) The steepness does not affect the final speed, in a system with only conservative forces, the distance
traveled is not used when conservation of mechanical energy is considered.
(c) With friction considered, then for the toboggan-hill system,

AE=AK+AU+AE, =0 = AK=-AU-AE, = K,=U,-AE, =mgh— u Nd

The normal force N is given by N =mgcosé& , while on the hill. With d =h/siné,

K. =mgh— u, (mgcos& )i =mgh(1— 1, cotd).

."‘
|
|
)

1
_siné

The steepness of the hill does affect K, and therefore v at the bottom of the hill

t

| CALCULATE:
(a) v, =J2(9.81 m/s’ )(40.0 m) =28.01 m/s

ROUND: Since h has three significant figures, v = 28.0 m/s.




(1) Calculate the change in momentum (due to change in velocity) as the difference between the
final and initial momenta.(APfP - P, )*mz“r - mu, = m(v, — ;) EXAMPLE 7.1
18 ks S AN A - PAGE NO. 191
(2) Apply the relationship between impulse, change in momentum, average force, and the time .
interval over which the impulse acts on the object to calculate unknown physical quantities.

7.1 [ Baseball Home Run A

A Major League pitcher throws a fastball that crosses home plate with a speed of 90.0 mph
(40.23 m/s) and an angle of 5.0° below the horizontal. A batter slugs it for a home run, launch-
ing it with a speed of 110.0 mph (49.17 m/s) at an angle of 35.0° above the horizontal (Figure
7.4). The mass of a baseball is required to be between 5 and 5.25 oz; let’s say that the mass of

the ball hit here is 5.10 oz (0.145 kg). - Continued

PROBLEM 1

; What is the magnitude of the impulse the baseball receives from the bat?
.""‘. Pb.
SOLUTION 1

The impulse is equal to the momentum change of the baseball. Unfortunately, there is no
shortcut; we must calculate Av =v; —v, for the x- and y-components separately, add them as
vectors, and finally multiply by the mass of the baseball:

Av, =(49.17 m/s)(cos35.0°)-(40.23 m/s)(cos185.0°) = 80.35 m/s
Av}, =(49.17 m/s)(sin35.0°)-(40.23 m/s)(sin185.0°) =31.71 m/s
Av=[Av2 +Av2 = /(80357 +(31.71) m/s=86.38 m/s
Ap=mAv =(0.145 kg )(86.38 m/s) =12.5 kg m/s.



PROBLEM 2
High-speed video shows that the ball-bat contact lasts only about 1 ms (0.001 s). Suppose, for

the home run we're considering, that the contact lasted 1.20 ms. What was the magnitude of
the average force exerted on the ball by the bat during that time?

SOLUTION 2 | = |
FIGURE 7.5 Abaseball being

The force can be calculated by simply using the formula for the impulse: [ compressedas tishitby a basebatibat
Ap=]=FE, At

ave

Ap 12.5kgm/s
= B = P S " _10.4KkN.
At 0.00120 s

This force is approximately the same as the weight of an entire baseball team! The colli-
sion of the bat and the ball results in significant compression of the baseball, as shown in

Figure 7.5.
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(1) Relate momentum to Kinetic energy.
(2) Combine the equations from momentum and Kinetic energy conservation for an elastic collision
to obtain expressions for final velocities:

My — Ma 2my My — My 2ma
Pr. = ( XP _+ (——) KB aes T s = (——— ) XP,  + ( ) X P,
s my +my L2 my + my tex) / (&) My + ms o Amy + ma.

. 3

7.10 A red curling stone moving with a speed of 2.0 m/s collides head-on
with a yellow curling stone at rest (totally elastic collision). What are the
speeds of the two curling stones just after the collision?

a) The red stone is at rest, and the yellow stone is moving with a speed of
2.0 m/s.

b) The red stone and the yellow stone are both moving with a speed of 1.0 m/s.

c) The red stone bounces off the yellow stone and moves with a speed of
2.0 m/s, and the yellow stone remains at rest.

7,10) a

MCQ 7.10
PAGE NO. 216
Exercise Que.
7.24/7.25
PAGE NO. 217
Exercise Que.
7.51

PAGE NO. 219



7.24 Rank the following objects from highest to lowest in terms of momentum
and from highest to lowest in terms of energy.

a) an asteroid with mass 10° kg and speed 500 m/s
b) a high-speed train with a mass of 180,000 kg and a speed of 300 km/h
c) a 120-kg linebacker with a speed of 10 m/s

[ d) a 10-kg cannonball with a speed of 120 m/s

)
e) a proton with a mass of 2- 107 kg and a speed of 2-10° m/s

m Vv
10° kg 500 m/s

1,
180,000 kg | 300 km/h RESEARCH: E=—mv", p=mv

.
120 kg 10 m/s -

10 kg 120 m/s
2-107 kg | 2-10" m/s




CALCULATE:

(a) E=%(10‘"' kg)(500 m/s)" =1.3-10" J, p=(10" kg)(500 m/s)=5.0-10% kg m/s,

—

7
\

(1000 m/km | i
| ,l —=6310" .
| 3600s/h )/

1000 m/km | —1.5.107 kg m/s
3600 s/h )

(b) E=—(1.8-10" kg (300 km/h)

p=(1.8-10° kg)[f (300 km/h ){

(c) p,= 2(49.5])(0.442 kg)sin58.0°=5.610 kgm/s, p=(120 kg)(10 m/s)=1200 kg m/s

(d) E=%(10 kg)(120 m/s)* =7.2-10" J, p=(10kg)(120 m/s)=1200 kg m/s

(e) E=%(2-10‘37 kg)(2-10° m/s)2 =4.10"], p=(2-10"7 kg)(2-10° m/s)=4-10"" kg m/s
2 -
Al

DOUBLE-CHECK: In order from largest to smallest energy: (a), (b), (d), (c), (e); and momentum: (a),
(b), (d) =(c), (e).




7.25 A car of mass 1200. kg, moving with a speed of 72.0 mph on a highway,
passes a small SUV with a mass l% times bigger, moving at 2/3 the speed
of the car.

a) What is the ratio of the momentum of the SUV to that of the car?
b) What is the ratio of the kinetic energy of the SUV to that of the car?

v

THINK: Compute the ratios of the momenta and kinetic energies of the car and SUV.

3 2
m__= 1200. kg, Mgy = 1-5”’w =;mcar, V., = 72.0 mph, and Vsuv =§vm.

—

¥
l r
i &

{| RESEARCH: R
U () p=my

(b) K = lmv2
2




SIMPLIFY:
( 3 2 ) ’ncar ( 2 3 ) vc.ar

m._v m

car dqar car aqar

suv _ MsuyVsuy

-

K SUV ( 1 2 ) ' nSU\r V;TU\.' o ( 3 / 2 )’ncar ‘ ( 2 3 )vcar )

1

K, (12)m_v: m_v:

car car aar

CALCULATE:

3/2)(2/3
(a) Psuv - ( / )( - )=
pCdf 1

o (372)(273)  (3/2)(4/9
(b) II<<‘”“‘=( )(1 )=( )1( )=2/3=0.6667

&ar

1

ROUND: (a) 250V —10 (b) Kswv
Pcar KCJ]’

=0.67




+»7.51 You notice that a shopping cart 20.0 m away is moving with a
velocity of 0.700 m/s toward you. You launch an identical cart with a
velocity of 1.10 m/s directly at the other cart in order to intercept it. When
the two carts collide elastically, they remain in contact for 0.200 s. Graph
the position, velocity, and force for both carts as a function of time.

THINK: Two carts, separated by a distance x, =20.0 m, are travelling towards each other with speeds

v, =1.10 m/s and v, =0.700 m/s . They collide for At =0.200 s. This is an elastic collision. I need to plot
xvs.t,vvs.tand Fvs. £.

+y

RESEARCH: Use the conservation of momentum and energy to get the speeds after collision. Then use
the impulse J = FAt = Ap to get the force.




SIMPLIFY: First, need the position of the collision. Using x=x, +v,t = x,=0+vf and x, =x,—v.f,

x,=x,=vit=x,-v,t = t=x,/(v,+v,). Conservation of momentum:

1 5 a G il = 3 :
—myy LV =—mVy +—mLVy

2 2 2 2

., ] 2

. 2 2 2
Va " Va=Vp —Vy

i1 — Yy H_pi] + V5 }={Fﬂ — Vi H_Uﬂ 'i'“'g}

Vo, + V¥V, =¥, +V,

Vo =Vy T V¥y — Vi




Substituting back into (1):
V, — Vg =V + V=V, —V, = 2V, =2v, = v, =v, and v, =v,,.

-

The change of momentum is Ap, =m(v, —v, )=m(v, —v,, ). The force on the other cart is

Ap, miv,—v,
P;At — Ap., = P‘1 = p" — ( I
- ) - At At

The force on your car is equal and opposite.

CALCULATE: The time for the collision to occur is f = 20.0m =11.11s and during this

0.700 m/s+1.10 m/s
time the other cart has moved x=(0.700 m/s)(11.11s)=7.78 m.

ROUND: For the two calculations shown above three significant figures are required: #=11.1sand
x=7.78 m.










