440 Chapter 7

*6 °

Determine the Concept If we define the system to include the falling body and the earth,
then no work is done by an external agent and AK + AU, + AEyem= 0. Solving for the
change in the gravitational potential energy we find AU, = —(AK + friction energy).

(b)is correct.
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Picture the Problem Because the constant friction force is responsible for a constant
acceleration, we can apply the constant-acceleration equations to the analysis of these
statements. We can also apply the work-energy theorem with friction to obtain
expressions for the kinetic energy of the car and the rate at which it is changing. Choose
the system to include the earth and car and assume that the car is moving on a horizontal
surface so that AU=0.

(@) A constant frictional force v’ = v} +2aAs where v=0.
causes a constant acceleration. The _ vg

SAs = where a <0.

stopping distance of the car is
related to its speed before the brakes
were applied through a constant-
acceleration equation.

2a
Thus, As oc vg and statement (a) is false.

(b) Apply the work-energy theorem AK =-W; = —u,mgAs
with friction to obtain:

Express the rate at which K is _ As
.. = A Mg
dissipated: At At

AK '
Thus, 7\1— oc v and therefore not constant.

Statement (b) is false.
(c) In part (b) we saw that: Ko As
Because As «< Af: K oc At and statement (c) is false.
Because none of the above are correct: (d) s correct.
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Picture the Problem We’ll let the zero of potential energy be at the bottom of each ramp
and the mass of the block be m. We can use conservation of energy to predict the speed
of the block at the foot of each ramp. We’ll consider the distance the block travels on
each ramp, as well as its speed at the foot of the ramp, in deciding its descent times.
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Use conservation of energy to find AK +AU =0

the speed of the blocks at the bottom or

of each ramp: Ko — Kmp +U,, — Ump =0
Because Kiop = Upot = 0: Ko ~Upp =0

Substitute to obtain: % mvgo  —mgH =0

Solve for vy Voot = +/2&H independently of the shape of

the ramp.

Because the block sliding down the circular arc travels a greater distance (an arc length is
greater than the length of the chord it defines) but arrives at the bottom of the ramp with
the same speed that it had at the bottom of the inclined plane, it will require more time to

arrive at the bottom of the arc. | (b) is correct.
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Determine the Concept No. From the work-kinetic energy theorem, no total work is
being done on the rock, as its kinetic energy is constant. However, the rod must exert a
tangential force on the rock to keep the speed constant. The effect of this force is to
cancel the component of the force of gravity that is tangential to the trajectory of the
rock.

Estimation and Approximation
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Picture the Problem We’ll use the data for the "typical male" described above and
assume that he spends 8 hours per day sleeping, 2 hours walking, 8 hours sitting, 1 hour
in aerobic exercise, and 5 hours doing moderate physical activity. We can approximate
his energy utilization using £, = AP,

activity Atm.vity , where A is the surface area of his

body, Pactivity is the rate of energy consumption in a given activity, and A,y is the time
spent in the given activity. His total energy consumption will be the sum of the five terms
corresponding to his daily activities.

(a) Express the energy consumption E=E deeping + Evaliing T Piting
of the hypothetical male:
+ Einod act.  Eperobicact.
Evaluate Esleeping: E;leeping = A‘PsleepingAtsleeping
= (2m? (40 W/m? 8 h)(3600s/h)
=2.30x10%J
Evaluate Ewalking: E walking = AP, walking Atwalking

= (2m? )(160 W/m? }(20)(3600s/h)
=230x10°J
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Substitute in equation (1) and av 4.57x10°' W
cvaluate dVid: @ 0.2(1kg/L)(0.81m/s’ J211m)

=|1.10x10°L/s

The Conservation of Mechanical Energy

16 -

Picture the Problem The work done in compressing the spring is stored in the spring as
potential energy. When the block is released, the energy stored in the spring is
transformed into the kinetic energy of the block. Equating these energies will give us a
relationship between the compressions of the spring and the speeds of the blocks.

Let the numeral 1 refer to the first Lk = Lm,v}

case and the numeral 2 to the second 2
. = ‘%.“(4”’1)(3"1)

case. Relate the compression of the X

spring in the second case to its =18my,

potential energy, which equals its

initial kinetic energy when released:

Relate the compression of the spring Ll = imy}

in the first case to its potential or

energy, which equals its initial my? = kx?

kinetic energy when released:

Substitute to obtain: ‘ Lio? =18kx]

Solve for x;: x, =| 6x,
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Picture the Problem Choose the zero of gravitational potential energy to be at the foot of
the hill. Then the kinetic energy of the woman on her bicycle at the foot of the hill is equal
to her gravitational potential energy when she has reached her highest point on the hill.
Equate the kinetic energy of the v?

riger at the foot of the iizline and %mvz =mgh= h= 5;

her gravitational potential energy

when she has reached her highest

point on the hill and solve for A:
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Relate her displacement along the d = h/siné
incline d to /4 and the angle of the
incline:
Substitute for /4 to obtain: . v?
dsin@ = —
2g
Solve for d: d= v?
2gsinf
Substitute numerical values and (10m/s)?
) = ST - =974m
evaluate d: 2(9.81m/s? Jsin3°

and | (c)iscorrect.
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Picture the Problem The diagram shows
the pendulum bob in its initial position. Let
the zero of gravitational potential energy be
at the low point of the pendulum’s swing,
the equilibrium position. We can find the
speed of the bob at it passes through the
equilibrium position by equating its initial
potential energy to its kinetic energy as it
passes through its lowest point.

Equate the initial gravitational mgAh =4 my
potential energy and the kinetic and
energy of the bob as it passes ‘

& . . P v=./2gAh
through its lowest point and solve
for v:

Express Ak in terms of the length L Ak
of the pendulum:

Substitute and simplify:
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Picture the Problem Choose the zero of gravitational potential energy to be at the foot
of the ramp. Let the system consist of the block, the earth, and the ramp. Then there are
no external forces acting on the system to change its energy and the kinetic energy of the
block at the foot of the ramp is equal to its gravitational potential energy when it has
reached its highest point.

Relate the gravitational potential mgh = -Zl—mv2
energy of the block when it has

reached b, its highest point on the

ramp, to its kinetic energy at the foot

of the ramp:
Solve for A: h= v
2g
Relate the displacement 4 of the d = h/sin@
block along the ramp to /4 and the
angle the ramp makes with the
horizontal:
Substi h: . :
ubstitute for dsm‘9=l—
2g
Solve for d: _ v?
2gsin@
Substitute numerical values and (7 m/s)2
. = A =|3.89m
evaluate d: 2(9.81m/s? ) sind0°
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Picture the Problem Let the system consist of the earth, the block, and the spring. With
this choice there are no external forces doing work to change the energy of the system. Let
U, = 0 at the elevation of the spring. Then the initial gravitational potential energy of the
3-kg object is transformed into kinetic energy as it slides down the ramp and then, as it
compresses the spring, into potential energy stored in the spring.

(a) Apply conservation of energy to W =0K+AU =0
relate the distance the spring is and, because AK = 0,
compressed to the initial potential ~mgh+1 =0

energy of the block:
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Apply conservation of energy:

Substitute for AK and solve for vy
noting that m represents the sum of
the masses of the objects as they are
both moving in the final state:

Express and evaluate AUy

Substitute for AU, in equation (1)
and evaluate v¢
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Picture the Probiem The free-body
diagram shows the forces acting on the
block when it is about to move. Fy, is the
force exerted by the spring and, because
the block is on the verge of sliding, £, =
fomax We can use Newton’s 2™ law, under
equilibrium conditions, to express the
elongation of the spring as a function of m,
k and & and then substitute in the
expression for the potential energy stored
in a stretched or compressed spring.

Express the potential energy of the
spring when the block is about to
move:

Apply ZF = ma, under equilibrium

conditions, to the block:

W, =AK +AU, =0

or, because W, =0,
AK = -AU,

Low? —Lpw? =—
ymvy —smv; =-AU,

or, because v; = 0,
-2AU,
Ve = €y
m
AU, =U,, -U,,
=0-(3kg-2kg)0.5m)
x(9.81m/s?)
=-491J
v = —2A-491) 1.40m/s
Skg

ZFx =F = foma —mgsind=0
and

ZFy =F, —mgcosf =0
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Picture the Problem The diagram
represents the ball traveling in a circular
path with constant energy. U, has been
chosen to be zero at the lowest point on the
circle and the superimposed free-body
diagrams show the forces acting on the ball
at the top and bottom of the circular path.
We’ll apply Newton’s 2™ law to the ball at
the top and bottom of its path to obtain a
relationship between Tt and T3 and the
conservation of mechanical energy to
relate the speeds of the ball at these two
locations.

Apply ZFradial = ma,,;, to the ball

at the bottom of the circle and solve.
for Ty:

Apply Z F g = ma_g, to the ball

at the top of the circle and solve for
T T

Subtract equation (2) from equation
(1) to obtain:

Using conservation of energy, relate
the mechanical energy of the ball at
the bottom of its path to its
mechanical energy at the top of the
i v
circle and solve for m —I_QB_ -m-L:

R

Substitute in equation (3) to obtain:

2

\Z
T,-mg=m-=2
B g R
and
v2
7}3=mg+m-;;i ()
2
TT+mg=mXT—
and
V2
TTx-mg+m—k§— )
2
v
TB—Tszg+m~1%
2
V1
~| -mg+m-—+
2 2
VB Vr
=m—=—-m—+2m, 3
R R g (3

Lmv} = Lmv} +mg(2R)

2 2
mlg—-mv—T=4mg
R R

6mg




