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Lecture Summary

If a particle of mass m is at a distance y above the Earth’s surface, the gravitational
potential energy of the particle—Earth system is

Ug — mgy
The elastic potential energy stored in a spring of force constant & /s
1
U, = —kx?
T 2

Jotal Energy of A system is:
Kf + Uf — Ki + Ui




Lecture Summary

» A force is conservative if the work it does on a particle moving between two
points is independent of the path the particle takes between the two points, Or if
the work it does on a particle is zero when the particle moves through an
arbitrary closed path and returns to its initial position. A force that does not meet
these criteria is said to be nonconservative.

* The total mechanical energy of a system is defined as the sum of the kinetic
energy and the potential energy:

Emech — K‘l‘ U

* |fasystem isisolated and if no nonconservative forces are acting on objects
inside the system, then the total mechanical energy of the system is constant:




PROBLEMS

Section 8.1 Potential Energy of a System

2. A 400-N child is in a swing that is attached to ropes 2.00 m long. Find the
gravitational potential energy of the child—Earth system relative to the child’s lowest
position when (a) the ropes are horizontal, (b) the ropes make a 30.0° angle with the
vertical, and (c) the child is at the bottom of the circular arc.

SOLUTIONS TO PROBLEM:

° /
y — 2 200m > (2.00 m) cos 30.0°
y =2(1—cos0) /
y=0 4 @ _ .00 (- con 300"
N +

FIG. P8.2




PROBLEMS

Section 8.1 Potential Energy of a System

5. A bead slides without friction around a loop-the-loop (Fig. P8.5). The bead is
released from a height A" 3.50A.

(a) What is its speed at point A?
(b) How large is the normal force on it if its mass is 5.00 g?
SOLUTIONS TO PROBLEM:
K; + U; = K¢ + Uy

*>

1
mgh + 0 =mg(2R) + vaz !

UZ
F = —_— = + v
3 -n

mg

Figure P8.5

FIG. P8.5




PROBLEMS

Section 8.1 Potential Energy of a System

6. Dave Johnson, the bronze medalist at the 1992 Olympic decathlon in Barcelona,
leaves the ground at the high jump with vertical velocity component 6.00 m/s. How
far does his center of mass move up as he makes the jump?

SOLUTIONS TO PROBLEM:

Ki+Ui:Kf+Uf

1 2
Emv + 0 =0+ mgy




PROBLEMS

Section 8.1 Potential Energy of a System

11. A block of mass 0.250 kg is placed on top of a light vertical spring of force
constant 5 000 N/m and pushed downward so that the spring is compressed by
0.100 m. After the block is released from rest, it travels upward and then leaves the
spring. To what maximum height above the point of release does it rise?

SOLUTIONS TO PROBLEM:

From conservation of energy for the block-spring-Earth system,

u,=u,,

g s

or

(0.250 kg)(9.80 m/s” | = (%](5 000 N/m)(0.100 m)”

FIG. P8.11

This gives a maximum height 1=| 10.2 m |.




PROBLEMS

Section 8.1 Potential Energy of a System

13. Two objects are connected by a light string passing over a light frictionless pulley
as shown in Figure P8.13. The object of mass 5.00 kg is released from rest. Using the
principle of conservation of energy, (a) determine the speed of the 3.00-kg object
just as the 5.00-kg object hits the ground. (b) Find the maximum height to which the
3.00-kg object rises.

SOLUTIONS TO PROBLEM:

Using conservation of energy for the system of the Earth and the two objects

(@  (5.00 kg)g(4.00 m)=(3.00 kg)g(4.00 m) +;(5.oo +3.00)0°

v=+19.6 =| 4.43 m/s 1300 kg P

(b) Now we apply conservation of energy for the system of the 3.00 kg  3.00 kg
object and the Earth during the time interval between the instant
when the string goes slack and the instant at which the 3.00 kg
object reaches its highest position in its free fall. my = 3.00 kg

FIG. P8.13

m; = 5.00 kg

[

h=4.00m

1 .
E(&OO)UZ =mg Ay = 3.00gAy

Ay=1.00m Figure P8.13 Problems 13 and 14.

Ymax = 400 m+ Ay =




PROBLEMS

Section 8.1 Potential Energy of a System

17. A 20.0-kg cannon ball is fired from a cannon with muzzle speed of 1 000 m/s at
an angle of 37.0° with the horizontal. A second ball is fired at an angle of 90.0°. Use
the conservation of energy principle to find (a) the maximum height reached by each
ball and (b) the total mechanical energy at the maximum height for each ball. Let y
=0 at the cannon. @ Kol =K Uy

SOLUTIONS TO PROBLEM: %””%'3 +0:%”W.‘3 +mgy ¢

2 2 2
EI’H‘[JU- +E}7’ln}jﬂ- :EI?ZQM + ’ﬂgyf

But v,; = v, so for the first ball

o2 (1000sin37.0°)° —
yp=——=—"—"——"=[185x%x10"m
Y0 2(9.80)

and for the second

2

(1000) I
Y= =|510x10" m
=7 2(9.80)
(3) The total energy of each is constant with value

%(20.0 kg)(1000 mys)” =[ 1.00x107 T].




PROBLEMS

Section 8.4 Changes in Mechanical Energy for Nonconservative Forces

31. The coefficient of friction between the 3.00-kg block and the surface in Figure
P8.31is 0.400. The system starts from rest. What is the speed of the 5.00-kg ball

when it has fallen 1.50 m? H00ks
J, )
SOLUTIONS TO PROBLEM:
U; +K; + AE e, =U; + Ky mygh—fh= %mlvz +Emzv2 gl ke
— un - 7 5.00 kg
f Hit = Himeg Figure P8.31 :
1 ?
mogh— um gh=—(m; +m,)o~
8 18 2( 1 ) 5.00 kg
2y —gamyg)
U my +my FIG. P8.31
2(9.80 m/s”)(1.50 m)|5.00 kg —0.400(3.00 k
__ | 2080 my/s?)1.50 mf5.00 kg Gooke)] — o
8.00 kg




PROBLEMS

Section 8.4 Changes in Mechanical Energy for Nonconservative Forces

33. A 5.00-kg block is set into motion up an inclined plane with an initial speed of
8.00 m/s (Fig. P8.33). The block comes to rest after traveling 3.00 m along the plane,
which is inclined at an angle of 30.0° to the horizontal. For this motion determine

(a) the change in the block’s kinetic energy, (b) the change in the potential energy of
the block—Earth system, and (c) the friction force exerted on the block (assumed to
be constant). (d) What is the coefficient of kinetic friction?

SOLUTIONS TO PROBLEM: 0;=8.00m/s

L R (S D S B
(a) Angm(uf af-)f Zmuf =1 -160]

3.00 m

4

(b) AU =mg(3.00 m)sin30.0°= 735]

() The mechanical energy converted due to friction is 86.5 ] \?’U'UC
f= 865] 288 N Figure P8.33
S 3.00m F—

(d) f=pn=pu,mgcos30.0°=288 N
288 N

(5.00kg)(9.80 m/s?)cos30.0°

i, = 0.679




PROBLEMS

Section 8.4 Changes in Mechanical Energy for Nonconservative Forces

36. A 50.0-kg block and a 100-kg block are connected by a string as in Figure P8.36.
The pulley is frictionless and of negligible mass. The coefficient of kinetic friction
between the 50.0 kg block and incline is 0.250. Determine the change in the kinetic
energy of the 50.0-kg block as it moves from ! to ", a distance of 20.0 m.

SOLUTIONS TO PROBLEM:

Z F[f =n-mgcos37.0°=0

-1 =mgcos37.0°= 400 N 100 kg
f=un=0.250(400 N)=100 N
_fé‘x = AEmech \®
(—100)(200) = AUA + AUB + AKA + AKB lv
- 37.0°
AU, =m 4g(h; —h;)=(50.0)(9.80)(20.05in 37.0°) = 5.90 x 10 M

AUy =myg(h; =)= (100)(9.80)(-20.0) = ~1.96 x 10* Figure P8.36

AK, = %mA (v% — vf)

2
i

1 )
AKy :E’”B(”F . )meBAKA =2AK,

4

m = 50.0 kg

Adding and solving, AK , =| 3.92 k] |.

FIG. P8.36




PROBLEMS

Section 8.4 Changes in Mechanical Energy for Nonconservative Forces

38. A 75.0-kg skysurfer is falling straight down with terminal speed 60.0 m/s.
Determine the rate at which the skysurfer—Earth system is losing mechanical energy.

SOLUTIONS TO PROBLEM:

The total mechanical energy of the skysurfer-Earth system is

1 5
Emech =K+ ug = EI?’EU + mgh.

Since the skysurfer has constant speed,

dE e dov dh
— e —mv—+mg—=0+mg(—v)=—mgv.
dt TR §(-v)=-mg

The rate the system is losing mechanical energy is then

dE

‘mech

dt

= mgo = (75.0 kg)(9:80 m/s”}(60.0 m/s)=[ 441 KkW |.




PROBLEMS

Section 8.5 Relationship Between Conservative Forces and Potential Energy

42. A potential-energy function for a two-dimensional force is of the form

U=3x3y-7x.
Find the force that acts at the point (x, ).

SOLUTIONS TO PROBLEM:

ol 5(33{3}; — 7:{)

Fo=m =l = —(9x%y-7)=7-9x%y
CX cx
-
Yoy Oy

Thus, the force acting at the point (x, y) is F= F_;ik + F[j =

(7 — 9x2y)i — 3):3} :




PROBLEMS

Additional Problems

55. Review problem. Suppose the incline is frictionless for the system described in
Problem 54 (Fig. P8.54). The block is released from rest with the spring initially
unstretched.

(a) How far does it move down the incline before coming to rest?

(b) (b) What is its acceleration at its lowest point? Is the acceleration constant? (c)
Describe the energy transformations that occur during the descent.

SOLUTIONS TO PROBLEM

Since no nonconservaty ork is done, AE=0
Also AK=0
therefore, U; =11

i U; =(mgsing

where U, = (mgsin 8)x 2 \‘ )
1, L -
and U, = >ke? <) COF
Iz FIG.P8.55 —“{) ]\::-',
Substituting values yields (2.00)(9.80 Ish137.D°=C1|]D]% and solving we find S,

x=|0.236 m

k=100 N/m

(b) > F=ma. Only gravity and the spring force act on the block, so

—kx+mgsin 8 =ma

Tl\e‘accelemﬁondependﬁonposiﬁnn. Figure P8-54 I)I‘()])l‘:lll‘\ 5‘1’ {lllcl 55«

(c) U(gravity) decreases monotonically as the height decreases.

U(spring) increases monotonically as the spring is stretched.
Kinitially increases, but then goes back to zero




PROBLEMS

Additional Problems

57. A 10.0-kg block is released from point A in Figure P8.57. The track is frictionless
except for the portion between points B and C, which has a length of 6.00 m. The
block travels down the track, hits a spring of force constant 2 250 N/m, and

compresses the spring 0.300 m from its equilibrium position before coming to rest
momentarily.

Determine the coefficient of kinetic friction between the block and the rough surface
between B and C.

SOLUTIONS TO PROBLEM:

3.00 m

|

AE mech = —f-ﬁ._.‘{

E,-E =—f-dg
1. ;
Em" —mgh=—pumgd g

.11 2

mgh —2 kx
H=—"= =| 0328
mgdp

‘4— 6.00 m —»‘ m
©

Figure P8.57




PROBLEMS

Additional Problems

59. A 20.0-kg block is connected to a 30.0-kg block by a string that passes over a light
frictionless pulley. The 30.0-kg block is connected to a spring that has negligible mass
and a force constant of 250 N/m, as shown in Figure P8.59. The spring is unstretched
when the system is as shown in the figure, and the incline is frictionless. The 20.0-kg

block is pulled 20.0 cm down the incline (so that the 30.0-kg block is 40.0 cm above
the floor) and released from rest.

Find the speed of each block when the 30.0-kg block is 20.0 cm above the floor (that
is, when the spring is unstretched).

SOLUTIONS TO PROBLEM: />
(K+U), = (K1),
' S 1 . 20.0 kg
0+(30.0 kg){9.80 m/s~ |(0.200 m)+ E 250 N/m}(0.200 m)~
= %[50.1} kg)o” +(20.0 kg)(9.80 m/s”|(0.200 m)sin40.0° 30.0 kg
588 ]+500]=(250kg)o* +25.2] = o
. \40.(}0 {f,r-- I_)t}.(} cm

Figure P8.59




PROBLEMS

Additional Problems

60. A 1.00-kg object slides to the right on a surface having a coefficient of kinetic
friction 0.250 (Fig. P8.60). The object has a speed of v/" 3.00 m/s when it makes
contact with a light spring that has a force constant of 50.0 N/m. The object comes to
rest after the spring has been compressed a distance d. The object is then forced
toward the left by the spring and continues to move in that direction beyond the
spring’s unstretched position. Finally, the object comes to rest a distance Dto the left
of the unstretched spring. Find (a) the distance of compression d, (b) the speed vat
the unstretched position when the object is movmg to the Ieft and (c) the distance D
where the object comes to rest. v

—pmgd = —=muv? +%ch':

SOLUTIONS TO PROBLEM: e )

a0 E
=00 1\',.:'m -[0378m|

(b) Between picture two and picture four, AE__, = AK+Al

- [
v= II[S‘DO mys)” — = (245 N)(2)(0.378 m)
| (100 kg)

() For the motion from picture two to picture five, }
AE_ . =AK+AlU !

—f(D+2d)= —% (100 kg)(3.00 m/s)® o DOBOY
0.00]

— — —2(0.378 m)=| 1.08 m FIG. P8.60
2(0.250)(1.00 kg)(9.80 m/s*|

D=




Thank You
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