Lecture 18
(Conservation of Energy)

Physics 160-01 Fall 2013
Douglas Fields



6.81 - Consider the system
shown in Fig. P6.81. The rope
and pulley have negligible
mass, and the pulley is friction-
less. Initially the 6.00-kg block
1s moving downward and the
8.00-kg block 1s moving to the
right, both with a speed of
0.900 m/s. The blocks come to
rest after moving 2.00 m. Use
the work—energy theorem Lo

Figure P6.81
8.00 kg

I

6.00 kg

calculate the coefficient of kinetic friction between the 8.00-kg

block and the tabletop.



6.40 -+ Leg Presses. As part of your daily workout, you lie on
your back and push with your feet against a platform attached to
two stiff springs arranged side by side so that they are parallel
to each other. When you push the platform, you compress the
springs. You do 80.0 J of work when you compress the springs
0.200 m from their uncompressed length. (a) What magnitude of
force must you apply to hold the platform in this position? (b) How
much additional work must you do to move the platform 0.200 m
farther, and what maximum force must you apply?



Conservation of Mechanical Energy

 The work-energy theorem can be written as:

Woior = AKE +AU +AU

Gravity Elastic

 And if there are no “other” forces doing work,

then:
0=AKE + AUGravity +AU Elastic
AE =0
E KE T UGrawty U Elastic



Problem 7.9

719. A small rock with mass Figure 7.25 Exercise 7.9.
0.20 kg 1s released from rest at

point A, which is at the top A

edge of a large, hemispherical

bowl with radius R = 0.50m

(Fig. 7.25). Assume that the size - v
of the rock i1s small compared to B

R, so that the rock can be

treated as a particle, and assume that the rock slides rather than
rolls. The work done by friction on the rock when it moves from
point A to point B at the bottom of the bowl has magnitude 0.22 J.
(a) Between points A and B, how much work is done on the rock
by (1) the normal force and (i1) gravity? (b) What is the speed of
the rock as it reaches point B? (c¢) Of the three forces acting on
the rock as it slides down the bowl, which (if any) are constant
and which are not? Explain. (d) Just as the rock reaches point B,
what is the normal force on it due to the bottom of the bowl?



Problem 7.24

7.24. (a) For the elevator of Example 7.9 (Section 7.2), what is the
speed of the elevator after 1t has moved downward 1.00 m from
point 1 in Fig. 7.17? (b) When the elevator is 1.00 m below point 1
in Fig. 7.17, what is its acceleration?
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Problem 7.46

7.46. Riding a Loop-the-Loop. Figure 7.32 Problem 7.46.
A car 1n an amusement park ride
rolls without friction around the
track shown in Fig. 7.32. It
starts from rest at point A at a
height & above the bottom of the
loop. Treat the car as a particle.
(a) What 1s the minimum value of & (in terms of R) such that the car
moves around the loop without falling off at the top (point B)? (b) If
h = 3.50R and R = 20.0 m, compute the speed, radial acceleration,
and tangential acceleration of the passengers when the car 1s at point
C, which 1s at the end of a horizontal diameter. Show these accelera-
tion components in a diagram, approximately to scale.




Problem 7.54

1.94 +++ You are designing a delivery ramp for crates containing
exercise equipment. The 1470-N crates will move at 1.8 m/s at the
top of a ramp that slopes downward at 22.0°. The ramp exerts a
550-N kinetic friction force on each crate, and the maximum static
friction force also has this value. Each crate will compress a spring
at the bottom of the ramp and will come to rest after traveling a
total distance of 8.0 m along the ramp. Once stopped, a crate must
not rebound back up the ramp. Calculate the force constant of the
spring that will be needed in order to meet the design criteria.



Problem 7.75

7.75. A 0.500-kg block, attached to a spring with length 0.60 m
and force constant 40.0 N/m, is at rest with the back of the block at
point A on a frictionless, horizontal air table (Fig. 7.44). The mass
of the spring is negligible. You move the block to the right along
the surface by pulling with a constant 20.0-N horizontal force.
(a) What is the block’s speed when the back of the block reaches
point B, which is 0.25 m to the right of point A? (b) When the back
of the block reaches point B, you let go of the block. In the subse-
quent motion, how close does the block get to the wall where the
left end of the spring is attached?

Figure 7.44 Problem 7.75.
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Forces from Potential Energy

* Since the potential energy is derived from the
work as:

final Xfinal Y final Zfinal
AU=-W=- [ F-ds=- [ Fdx- [ Fdy— [ Fdz
initial Xinitial Yinitial Zinitial
* Then, we can relate the Force to the
derivatives of the potential energy function:

I:X:_EBU(X,y,Z); |:y:_8U(x,y,Z); 3 :_aU(x,y,z)
OX oy 0z
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Energy Graphs

* One can learn a lot about the behavior of an object, just by looking
at a graph of its potential and total mechanical energies.

U Unstable equilibrium points are maxima
in the potential-energy curve. ,,
If the total energy E > Ej, the particle can “escape™ tox = xy3p, |\ L __ 2

L4

If E = E,, the particle is trapped between x_and x;=">E, | - A — <& __________

[f £ = E|, the particle is trapped between x, and x,” *E,

Minimum possible energy is Ej; the particle is at rest at x| *Ejy [ —— —F @ to T , .
i | | Stable equilibrium points, are mimima

: in the potential-energy curve.
|

!
!
0 Xe Xg Xy Xp X2 X3 Xd Xy

| | X
|
H
fu.-'@‘.:f_.a- < 0| .:u.-'[ff_y_;:r» 0 .:u.-',_&f_; < () d{.jd.r > () df;"{d._y < 0
F, F,> ;‘l : ::-‘ L <0 F,> ’[L ;h <0 F, .:>:€J
|
|
|
|
|
|
X




