
Problemas y ejercicios de F́ısica 1
Trabajo y Enerǵıa

1. Un bloque de 2, 5 kg de masa es empujado 2, 2 m a lo largo de una mesa horizontal sin fricción
por una fuerza constante de 16 N dirigida a 25◦ debajo de la horizontal. Encuentre el trabajo
efectuado por:

a) La fuerza aplicada. (Resp: 32 J)

b) La fuerza normal ejercida por la mesa. (Resp: 0 J)

c) La fuerza de gravedad. (Resp: 0 J)

d) Determine el trabajo total realizado sobre el bloque. (Resp: 32 J)

2. Una caja cargada de ladrillos tiene una masa total de 18 kg y se hala con rapidez constante por
medio de una cuerda. La cuerda está inclinada a 20◦ sobre la horizontal y la caja se mueve 20 m
sobre una superficie horizontal. El coeficiente de fricción cinética entre el suelo y la caja es de
0, 5.

a) ¿Cuál es la tensión de la cuerda? (Resp: 79,4 N)

b) ¿Cuánto trabajo efectúa la cuerda sobre la caja? (Resp: 1,49 kJ)

c) ¿Cuánto trabajo efectúa la fuerza de fricción? (Resp: -1,49 kJ)

3. La fuerza que actúa sobre una part́ıcula vaŕıa como se muestra en la figura. Encuentre el trabajo
hecho por la fuerza cuando la part́ıcula se mueve de

a) x = 0 a x = 8 m.

b) x = 8 m a x = 10 m.

c) x = 0 a 10 m.
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Figure P7.21

Figure P7.17 Problems 17 and 32.

rest 50.0 cm after first contacting the two-spring system,
find the car’s initial speed.

22. A 100-g bullet is fired from a rifle having a barrel 
0.600 m long. Assuming the origin is placed where the
bullet begins to move, the force (in newtons) exerted
on the bullet by the expanding gas is 15 000 !
10 000x " 25 000x2, where x is in meters. (a) Deter-
mine the work done by the gas on the bullet as the bul-
let travels the length of the barrel. (b) If the barrel is
1.00 m long, how much work is done and how does this
value compare with the work calculated in part (a)?

23. If it takes 4.00 J of work to stretch a Hooke’s-law spring
10.0 cm from its unstressed length, determine the extra
work required to stretch it an additional 10.0 cm.

24. If it takes work W to stretch a Hooke’s-law spring a dis-
tance d from its unstressed length, determine the extra
work required to stretch it an additional distance d .

25. A small mass m is pulled to the top of a frictionless half-
cylinder (of radius R) by a cord that passes over the top
of the cylinder, as illustrated in Figure P7.25. (a) If the
mass moves at a constant speed, show that F # mg cos $.
(Hint: If the mass moves at a constant speed, the com-
ponent of its acceleration tangent to the cylinder must
be zero at all times.) (b) By directly integrating

find the work done in moving the mass at
constant speed from the bottom to the top of the half-
W # !F!ds,

(b) from x # 5.00 m to x # 10.0 m, and (c) from x #
10.0 m to x # 15.0 m. (d) What is the total work done
by the force over the distance x # 0 to x # 15.0 m?

18. A force F # (4xi ! 3y j) N acts on an object as it moves
in the x direction from the origin to x # 5.00 m. Find
the work done on the object by the force.

19. When a 4.00-kg mass is hung vertically on a certain light
spring that obeys Hooke’s law, the spring stretches 
2.50 cm. If the 4.00-kg mass is removed, (a) how far will
the spring stretch if a 1.50-kg mass is hung on it and 
(b) how much work must an external agent do to
stretch the same spring 4.00 cm from its unstretched
position?

20. An archer pulls her bow string back 0.400 m by exerting
a force that increases uniformly from zero to 230 N. 
(a) What is the equivalent spring constant of the bow?
(b) How much work is done by the archer in pulling
the bow?

21. A 6 000-kg freight car rolls along rails with negligible
friction. The car is brought to rest by a combination of
two coiled springs, as illustrated in Figure P7.21. Both
springs obey Hooke’s law with k1 # 1 600 N/m and 
k2 # 3 400 N/m. After the first spring compresses a dis-
tance of 30.0 cm, the second spring (acting with the
first) increases the force so that additional compression
occurs, as shown in the graph. If the car is brought to

W # !F!dr

Figure P7.15
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4. Un bloque se encuentra sobre una superficie plana sin fricción atado a un resorte en su estado de
relajación en x0 = 0. Una fuerza de magnitud |~F | = 4, 9 N es necesaria para mantener el bloque
en x1 = 12× 10−3 m.

a) Encuentre la constante k del resorte.

b) ¿Cuánto trabajo realiza la fuerza del resorte en el bloque si este es halado desde x0 = 0
hasta x2 = 17× 10−3 m?
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5. Un bloque de 5 kg se mueve en ĺınea recta sobre una superficie horizontal sin fricción bajo la
influencia de una fuerza que vaŕıa con la posición, como se muestra en la figura. ¿Cuánto trabajo
efectúa la fuerza cuando el bloque se mueve desde el origen hasta x = 8 m?

6. Para empujar una caja de 25 kg por un plano inclinado a 27◦ sin fricción, un obrero ejerce una
fuerza de 120 N , paralela al plano. Cuando la caja se ha deslizado 3, 6 m,

a) ¿Cuánto trabajo se efectuó sobre la caja por el obrero?

b) ¿Cuánto trabajo se efectuó sobre la caja por la fuerza de gravedad?

7. En la figura se muestran tres caminos que conectan los puntos a y b. Una sola fuerza ~F hace el
trabajo indicado en la part́ıcula moviendola en cada camino de la dirección mostrada. Basandose
en esa información, ¿es ~F una fuerza conservativa? Explique.

8. Una part́ıcula de 4 kg está sujeta a una fuerza Fx que vaŕıa con la posición, como se ve en la
figura. La part́ıcula inicia desde el reposo en x = 0 m. ¿Cuál es la rapidez de la part́ıcula en
x = 5 m, x = 10 m y x = 15 m? Determine el trabajo total realizado por la fuerza sobre el
cuerpo cuando éste se mueve de x = 0 a x = 15 m. (Resp: 1,94 m/s; 3,35 m/s; 3,87 m/s; 30 J)
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Figure P7.17 Problems 17 and 32.

rest 50.0 cm after first contacting the two-spring system,
find the car’s initial speed.

22. A 100-g bullet is fired from a rifle having a barrel 
0.600 m long. Assuming the origin is placed where the
bullet begins to move, the force (in newtons) exerted
on the bullet by the expanding gas is 15 000 !
10 000x " 25 000x2, where x is in meters. (a) Deter-
mine the work done by the gas on the bullet as the bul-
let travels the length of the barrel. (b) If the barrel is
1.00 m long, how much work is done and how does this
value compare with the work calculated in part (a)?

23. If it takes 4.00 J of work to stretch a Hooke’s-law spring
10.0 cm from its unstressed length, determine the extra
work required to stretch it an additional 10.0 cm.

24. If it takes work W to stretch a Hooke’s-law spring a dis-
tance d from its unstressed length, determine the extra
work required to stretch it an additional distance d .

25. A small mass m is pulled to the top of a frictionless half-
cylinder (of radius R) by a cord that passes over the top
of the cylinder, as illustrated in Figure P7.25. (a) If the
mass moves at a constant speed, show that F # mg cos $.
(Hint: If the mass moves at a constant speed, the com-
ponent of its acceleration tangent to the cylinder must
be zero at all times.) (b) By directly integrating

find the work done in moving the mass at
constant speed from the bottom to the top of the half-
W # !F!ds,

(b) from x # 5.00 m to x # 10.0 m, and (c) from x #
10.0 m to x # 15.0 m. (d) What is the total work done
by the force over the distance x # 0 to x # 15.0 m?

18. A force F # (4xi ! 3y j) N acts on an object as it moves
in the x direction from the origin to x # 5.00 m. Find
the work done on the object by the force.

19. When a 4.00-kg mass is hung vertically on a certain light
spring that obeys Hooke’s law, the spring stretches 
2.50 cm. If the 4.00-kg mass is removed, (a) how far will
the spring stretch if a 1.50-kg mass is hung on it and 
(b) how much work must an external agent do to
stretch the same spring 4.00 cm from its unstretched
position?

20. An archer pulls her bow string back 0.400 m by exerting
a force that increases uniformly from zero to 230 N. 
(a) What is the equivalent spring constant of the bow?
(b) How much work is done by the archer in pulling
the bow?

21. A 6 000-kg freight car rolls along rails with negligible
friction. The car is brought to rest by a combination of
two coiled springs, as illustrated in Figure P7.21. Both
springs obey Hooke’s law with k1 # 1 600 N/m and 
k2 # 3 400 N/m. After the first spring compresses a dis-
tance of 30.0 cm, the second spring (acting with the
first) increases the force so that additional compression
occurs, as shown in the graph. If the car is brought to
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9. Una fuerza de 800 N estira cierto resorte una distancia de 0, 2 m desde su estado de relajación.

a) ¿Qué enerǵıa potencial tiene el resorte cuando se estira 0, 2 m?

b) ¿Y cuando se le comprime 5 cm?
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10. Dos esṕıas arrastran una caja fuerte de 225 kg una distancia de |~d| = 8, 5 m, directo hacia su

camión. El empuje ~F1 del esṕıa 001 es de magnitud 12 N con dirección de 30◦ por debajo de
la horizontal; el empuje ~F2 del esṕıa 002 es de magnitud 10 N con dirección de 40◦ por encima
de la horizontal. Las magnitudes y direcciones de estas fuerzas no cambian a medida que la caja
fuerte se mueve, y el piso carece completamente de fricción.

a) ¿Cuál es el trabajo neto realizado por las fuerzas ~F1 y ~F2 durante el desplazamiento ~d?

b) Durante el desplazamiento, ¿Cuál es el trabajo neto realizado por la fuerza de gravedad y
la normal que ejerce el piso?

c) Tomando en cuenta que la caja fuerte inicialmente se encuentra en reposo, ¿Cuál es su
velocidad luego de desplazarse los 8, 5 m?

7-5 I Work and Kinetic Energy

Figure 7-4a shows two industrial spies sliding_,an initially
stationary 225 kg floor safe a displacement d of mlgni-
tude 8.50 m, straight toward their truck. The push F1 of
spy 001 is I2.0 \ directed at an angle of 30.0" down-

ward from the horizontal; the pull F2 of spy 002 is
10.0 N, directed at 40.0" above the horizontal. The mag-

nitudes and directions of these forces do not change as

the safe moves, and the floor and safe make frictionless

contact.

(u) What is the net work done on the safe by for""t F,
and F, dutitlg the displac ementd?

(1) The net work W'done on the safe by the

two forces is the sum of the works they do individually.
(2) Because we can treat the safe as a particle and the

forces are constant in both magnitude and directior,
we can use either Eq. 7 -7 (W : Fd cos il or Eq. 7 -8

(W : F.i) to calculale those works. Since we know the

magnitudes and directions of the forces, we choose

Eq.7-7.

Calculafions; From Eq. 7 -7 and the free-body diagram

for the safe in Fig. 7 -4bJtr. work done Uy F, is

Wt: Frd cos Qt: Q2.0 N)(8.50 m)(cos 30.0')

: 88.33 J,

and the work done by F, is

Wz: Frd cos Qz: (10.0 NX8.50 m)(cos 40.0')

: 65.11 J.

F2

40.0"

(a) (b)

F$G" ?$ (a) Two spies move a floor safe through a displace-

ment d.(b) A free-body diagram for the safe.

Thus, the net work W'is

W - Wr+ Wz : 88.33 J + 65.11 J

: 153.4 J : 1.53 J. (Answer)

During the 8.50 m displacement, therefore, the spies

transfer 153 J of energy to the kinetic energy of the safe.

(b) During the displacement, what is the work W, done

on the safe by the gravitational force F, and *hel is the

work W N done on the safe by the normal force F1,. from

the floor?

Because these forces are constant in both

magnitude and directior, we can find the work they do

with Eq. 7 -7 .

Calcula ns; Thus, with mg as the magnitude of the

gravitational force, we write

Wr: mgd cos 90" - mgd(O) - 0 (Answer)

WN : Frvd cos 90" : FNd(0) : 0. (Answer)

We should have known this result. Because these forces

are perpendicular to the displacement of the safe, they

do zero work on the safe and do not transfer any energy

to or from it.

(r) The safe is initially stationary.What is its speed vyat

the end of the 8.50 m displacement?

and

speed of
changed

the safe changes because its

when energy is transferred

combining Eqs. 7 -I0 and 7 -1.:

w-Kf-Ki -;mv? - +mv?.

rN

-->

F,
b

d

The initial speed v; is zero, and

work done is 153 .4 J. Solving for
known data,we find that

we now know that the

v7 and then substituting

: 1,.I7 m/s. (Answer)

Spy 002

30.0"

2(rs3.4 J)

225 kg

During a storffi, a qate of crepe is sliding_,,across a slick,

oily parking lot through a displacement d _ (-3.0 m)i

dinate axes are shown in Fig. 7 -5.

(u) How much work does this force do on the crate

during the displacement? F{ffi. ?-S Force F slows a crate during displa cementi.

11. Una sola fuerza constante ~F = (3ı̂+ 5̂) N actúa sobre una part́ıcula de 4 kg.

a) Calcule el trabajo realizado por esta fuerza si la part́ıcula se mueve desde el origen hasta
el punto que tiene el vector de posición ~r = (2ı̂ − 3̂) m. ¿Este resultado depende de la
trayectoria? Explique.

b) ¿Cuál es la rapidez de la partíıcula en ~r si su rapidez en el origen es 4 m/s?

c) ¿Cuál es el cambio en la enerǵıa potencial del sistema?

12. Después de que se suelta desde la parte alta de la primera pendiente, un carro de montaña rusa
se mueve de manera libre con fricción despreciable. La montaña rusa que se muestra en la figura
tiene un rizo circular de radio 20 m. Cuando el carro se encuentra en la parte superior del rizo
(posición 3) tiene una rapidez de 14 m/s.

a) Encuentre la rapidez del carro en la posición 1.

b) Encuentre la rapidez del carro en la posición 2.

c) Encuentre la diferencia en altura entre las posiciones 1 y 4 si la rapidez en la posición 4 es
10 m/s.

Problems 243

Section 8.5 Work Done by Nonconservative Forces
28. A 70.0-kg diver steps off a 10.0-m tower and drops

straight down into the water. If he comes to rest 5.00 m
beneath the surface of the water, determine the average
resistance force that the water exerts on the diver.

29. A force Fx , shown as a function of distance in Figure
P8.29, acts on a 5.00-kg mass. If the particle starts from
rest at x ! 0 m, determine the speed of the particle at 
x ! 2.00, 4.00, and 6.00 m.

32. A 2 000-kg car starts from rest and coasts down from the
top of a 5.00-m-long driveway that is sloped at an angle
of 20.0° with the horizontal. If an average friction force
of 4 000 N impedes the motion of the car, find the
speed of the car at the bottom of the driveway.

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,
and (c) the frictional force exerted on it (assumed to be
constant). (d) What is the coefficient of kinetic friction?

Figure P8.33

Figure P8.31

Figure P8.29

Figure P8.26

34. A boy in a wheelchair (total mass, 47.0 kg) wins a race
with a skateboarder. He has a speed of 1.40 m/s at the
crest of a slope 2.60 m high and 12.4 m long. At the bot-
tom of the slope, his speed is 6.20 m/s. If air resistance
and rolling resistance can be modeled as a constant fric-
tional force of 41.0 N, find the work he did in pushing
forward on his wheels during the downhill ride.

35. A parachutist of mass 50.0 kg jumps out of a balloon at
a height of 1 000 m and lands on the ground with a
speed of 5.00 m/s. How much energy was lost to air fric-
tion during this jump?

36. An 80.0-kg sky diver jumps out of a balloon at an alti-
tude of 1 000 m and opens the parachute at an altitude
of 200.0 m. (a) Assuming that the total retarding force

30. A softball pitcher swings a ball of mass 0.250 kg around
a vertical circular path of radius 60.0 cm before releas-
ing it from her hand. The pitcher maintains a compo-
nent of force on the ball of constant magnitude 30.0 N
in the direction of motion around the complete path.
The speed of the ball at the top of the circle is 15.0 m/s.
If the ball is released at the bottom of the circle, what is
its speed upon release?

31. The coefficient of friction between the 3.00-kg block
and the surface in Figure P8.31 is 0.400. The system
starts from rest. What is the speed of the 5.00-kg ball
when it has fallen 1.50 m?
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3.00 m
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13. Tres fuerzas actúan en un empaque de embutidos mientras se desplaza sobre una superficie sin
fricción. Las magnitudes de estas fuerzas son | ~F1| = 5 N , | ~F2| = 1 N y | ~F3| = 4 N con θ = 60◦.

a) Para el desplazamiento de 20 cm, ¿cuál es el trabajo neto realizado en el empaque de
embutidos por las tres fuerzas, la fuerza gravitacional y la fuerza normal?

b) Si el contenido neto de embutidos es de 2 kg y parte del reposo, ¿cuál es la velocidad del
empaque al final del desplazamiento?

Chapter 7 I Kinetic Energy and Work

pull the free end of the cord? During that lift, what is the work

done on the canister by (c) your force (via the cord) and (d)

the gravitational force? (Hint: When a cord loops around a

pulley as shown, it pulls on the pulley with a net force that is

twice the tension in the cord.)

58 A force F - (4.0 N)i + 4 acts. on a particle as the

particle goes through disploc ,merrti : (3.0 m)i - (2.0 -)i.
(Other forces also act on the particle.) What is c if the

work done on the particle by force F is (a) 0, (b) 17 J, and

(.) - 18 J?

59 A constant force of magnitude 10 N makes an angle of

150' (measured counterclockwise) with the positive x direc-

tion as it acts on a 2.0kg object moving in an xy plane. How

much work is done on the object by the force as the object

moves from the origin to the point having position vector

(z.om)i - (4.0 m)i?

60 An initially stationary 2.0 kg object accelerates horizon-

tally and uniformly to a speed of 10 m/s in 3.0 s. (a) In that

3.0 s interval, how much work is done on the object by the

force accelerating it? What is the instantaneous power due to

that force (b) at the end of the interval and (c) at the end of
the flrst half of the interval?

6t If a ski lift raises 100 passengers averaging 660 N in
weight to a height of 150 m in 60.0 s, at constant speed, what

average power is required of the force making the lift?

62 Boxes are transported from one location to another in

a warehouse by means of a conveyor belt that moves with a

constant speed of 0.50 m/s. At a certain location the conveyor

belt moves for 2.0 m up an incline that makes an angle of 10"

with the horizonta| then for 2.0 m horizontall% and finally for
2.0 m down an incline that makes an angle of 10' with the

horizontal. Assume that a 2.0 kg box rides on the belt without

slipping. At what rate is the force of the conveyor belt

doing work on the box as the box moves (u) ,tp the 10' incline,

(b) horrzontally, and (c) down the 10" incline?

63 A horse pulls a cart with a force of 40 lb at an angle of 30"

above the horizontal and moves along at a speed of 6.0 mi/h. (a)

How much work does the force do in 10 min? (b) What is the av-

erage power (in horsepower) of the force? ssM'

64 An iceboat is at rest on a frictionless frozen lake when

a sudden wind exerts a constant force of 200 N, toward the

east, on the boat. Due to the angle of the sail, the wind causes

the boat to slide in a straight line for a distance of 8.0 m in

a direction 20" north of east. What is the kinetic energy of the

iceboat at the end of that 8.0 m?

65 A230 kg crate hangs from the

end of a rope of length L - 12.0 m.

You push horizontally on the crate

with a varying force F to move it
distance d - 4.00 m to the side

(Fiq 7-45). (a) What is the magnitude

of F when the crate is in this flnal po-

sition? During the crate's displace-

ment, what are (b) the total work

done on it, (.) the work done

by the gravitational force on the

crate,, and (d) the work done

by the pull on the crate from the

d-l
FlG. 7-45 Problem 65.

rope? (e) Knowing that the crate is motionless before and af-

ter its displacement, use the answers to (b), (c), and (d) to find
the work your force F do"r on the crate. (0 Why is the work of
your force not equal to the product of the horizontal displace-

ment and the answer to (a)?
F, (N)

S6 The only force acting on a 4
2.0 kg body as the body moves

along an x axis varies as shown 0

in Fig. 7 -46. The scale of the fig-

ure's vertical axis is set by F, - -4
4.0 N. The velocity of the body at FtG. F-4& proble m 66.
x - 0 is 4.0 m/s. (a) What is the ki-

netic energy of the body at x : 3.0 m? (b) At what value of x will
the body have a kinetic energy of 8.0 J? (") What is the maxi-

mum kinetic energy of the body between x - 0 and x - 5.0 m?

S7 Figure 7 -47 shows a cold package of hot dogs sliding

rightward across a frictionless floor through a distance d -
20.0 cm while three forces act on the package. Two of them are

horizontal and have the magnitudes F1 : 5.00 N and Fz: 1.00

N; the third is angled down by 0: 60.0" and has the magni-

tude Fz : 4.00 N. (u) For the 20.0 cm displacement, what is the

net work done on the package by the three applied forces, the

gravitational force on the package, and the normal force on

the package? (b) If the package has a mass of 2.0 kg and an

initial kinetic energy of 0, what is its speed at the end of the

displacement?

FNffi" 7-47 Problem6T.

68 A frightened child is restrained by her mother as the child

slides down a frictionless playground slide. If the force on the child

from the mother is 100 N up the slide, the child's kinetic energy in-

creases by 30 J as she moves down the slide a distance of 1.8 m. (a)

How much work is done on the child by the gravitational force

during the 1.8 m descent? (b) If the child is not restrained by her

mother, how much will the child's kinetic energy increase as she

comes down the slide that same distance of 1.8 m?

69 To push a 25.0 kg crate up a frictionless incline, angled at

25.0" to the horizontal,a worker exerts a force of 209 N paral-

lel to the incline. As the crate slides 1.50 m, how much work is

done on the crate by (a) the worker's applied force, (b) the

gravitational force on the crate, and (r) the normal force

exerted by the incline on the crate? (d) What is the total work

done on the crate? ssltr

78 If a car of mass 1200 kg is moving along a highw ay at

I20 km/h, what is the car's kinetic energy as determined by

someone standing alongside the highway?

71 A spring with a pointer attached is hanging next to a

scale marked in millimeters. Three different packages are

hung from the sprirg, in turn, as shown in Fig. 7-48. (a) Which

mark on the scale will the pointer indicate when no package is

hung from the spring? (b) What is the weight W of. the third
package? ssM

(m)

Problem6T.

14. Un pintor de 75 kg sube por una escalera de 2, 75 m que está inclinada contra una pared vertical.
La escalera forma un ángulo de 30◦ con la pared. ¿Cuánto trabajo realiza la fuerza de gravedad
sobre el pintor?. ¿Dependerá ese trabajo de si el pintor sube a rapidez constante o de si acelera
hacia arriba de la escalera?

15. Tres fuerzas actúan en una caja que se mueve horizontalmente hacia la izquierda por 3 m en una
superficie sin fricción. Las magnitudes de las fuerzas son | ~F1| = 5 N , | ~F2| = 9 N con θ = 60◦ y

| ~F3| = 3 N . Durante el desplazamiento,

a) ¿cuál es el trabajo neto realizado en la caja por las tres fuerzas?

b) ¿La enerǵıa cinética de la caja aumenta o disminuye? ¿Por qué?

Chapter 7' I Kinetic Energy and Work

would have hit Earth's surface with about the same speed. (u)

Calculate the meteorite's loss of kinetic energy (in joules) that

would have been associated with the vertical impact. (b) Express

the energy as a multiple of the explosive energy of 1 megaton of
TNT which rs 4.2 x 101s J. (c) The energy associated with the

atomic bomb explosion over Hiroshima was equivalent to 13

kilotons of TNT To how many Hiroshima bombs would the

meteorite impact have been equivalent?

o'ft If a Saturn V rocket with an Apollo spacecraft attached

had a combined mass of 2.9 x 10s kg and reached a speed of
II.2 km/s, how much kinetic energy would it then have?

e$ A proton (mass m - I.67 x I0-2t kg) is being acceler-

ated along a straight line at3.6 x 101s mlsz in a machine. If the

proton has an initial speed of 2.4 x 107 m/s and travels 3.5 cm,

what then is (a) its speed and (b) the increase in its kinetic
energy? ssM

ment can be chosen. Figgre 7 -24 O

gives the work W done by Fo on the F$G. T^k4 problem 4.

bead for a range of + values; Wo :
25 J.How much work is done AV (it Qis (a) 64" and, (b) 147"?

'sS A father racing his son has half the kinetic energy of the

son, who has half the mass of the father. The father speeds up

by 1.0 m/s and then has the same kinetic energy as the son.

What are the original speeds of (a) the father and (b) the son?

ocd A bead with mass 1.B x I0-2 kg is moving along a wire
in the positive direction of an x axis. Beginning at time t : 0,

when the bead passes through x - 0 with speed 12 mls, a

constant force acts on the bead. Figure 7 -25 indicates the

bead's position at times t0: 0, h: 1.0 s, tz:2.0 s, and t3:
3.0 s. The bead momentarily stops at t: 3.0 s. What is the ki-
netic energy of the bead at t - 10 s?

05101520
x (m)

F$G" 3-AS Problem 6.

seq, 7-5 Work and Kinetic Energy
t! The only force acting on a 2.0kg canister that is moving

in an xy plane has a magnitude of 5.0 N. The canister initially
has a velocity of 4.0 m/s in the positive x direction and some

time later has a velocity of 6.0 m/s in the positive y direction.
How much work is done on the canister by the 5.0 N force

during this time?

r$ A coin slides over a frictionless plane and across an xy

coordinate system from the origin to a point with xy coordi-

nates (3.0 m, 4.0 m) while a constant force acts on it. The force

has magnitude 2.0 N and is directed at a counterclockwise

angle of 100" from the positive direction of the x axis. How
much work is done by the force on the coin during the dis-

placement?

c$ A 3.0 kg body is at rest on a frictionless horizontal air
track when a constant hor rzontalforce F acting in the positive

direction of an x axis along the track is applied to the body.

A stroboscopic graph of the position of the body as it slides to
the right is shown in Fig.7-26.The force F ir applied to the
body at t - 0, and the graph records the position of the body
at 0.50 s intervals. How much work is done on the body by the
applied force F b.t*een t : }and t - 2.0 s?

0 0.2 0.4 0.6 0.8

x (m)

F[G. 7-46 Problem 9.

ut$ A floating ice block is pushed through a displacement

A - (15 m)i - (I}-)i along a straight embankment Uy rush-

ing water, which exerts a force F - QIT N)i - (150 N)i on

the block. How much work does the force do on the block
during the displacement?

cct'[ A luge and its rider, with a total mass of 85 kg, emerge

from a downhill track onto a horizontal straight track with
an initial speed of 37 mls. If a force slows them to a stop at

a constant rate of 2.0 mlst, (u) what magnitude F is required
for the force, (b) what distan ce d do they travel while slowing,
and (c) what work W'is done on them by the force? What are

(d) F, (") d,and (t) W if they, instead, slow at 4.0 mlsz?

**1ff An 8.0 kg object is mov-

itrg in the positive direction
of an x axis. When it passes

through x - 0, a constant force

directed along the axis begins

to act on it. Figure 7 -27 gives its

kinetic energy K versus posi-

tion x as it moves from x - 0 to
x - 5.0 m; Ko - 30.0 J. The

force continues to act.What is v

when the object moves back

throughx - -3.0 m?

oo1,3 Figure 7 -28 shows three

forces applied to a trunk that
moves leftward by 3.00 m over

a frictionless floor. The force

magnitudes ate Ft:5.00 N, Fz

- 9.00 N, and Fz :3.00 N, and

the indicated angle is 0 : 60.0".

During the displacement, (a) what is the net work done on the

Ko

K (J)

05
F$ffi. 7-AT Problem

x (m)

t2.

trunk by the three forces an ) does the kinetic energy of the

trunk increase or decrease? 
w, I i i , /.,**14 A can of bolts and nuts I i

is pushed 2.00 m along an x L i

axis by a broom along the e I r

greasy (frictionless) floor of a F I .

car repair shop in a version of I .t
shuffleboard. Figure 7 -29 gives

the work W done on the can by 0 | z

the constant horizontal force , (rn)

from the broom, versus the FlG. ?-ft$, Problemr4.
can's position x. The scale of
the figure's vertical axis is set by W, - 6.0 J. (a) What is the

magnitude of that force? (b) If the can had an initial kinetic
energy of 3.00 J, moving in the positive direction of the x axis,

what is its kinetic energy at the end of the 2.00 m?

F*ffi. 7-4ffi Problem 13.

16. Un bloque de 2 kg se empuja contra un resorte con masa despreciable y constante de fuerza
k = 400 N/m, comprimiéndolo 0, 22 m. Al soltarse el bloque, se mueve por una superficie sin
fricción que primero es horizontal y luego sube a 37◦.

a) ¿Qué rapidez tiene el bloque al deslizarse sobre la superficie horizontal después de separarse
del resorte?

b) ¿Qué distancia recorre el bloque en el plano inclinado antes de detenerse y regresar?

242 C APÍTU LO 7 Energía potencial y conservación de la energía

m 5 2.00 kgk 5 400 N/m
37.08

0.220 m

Figura 7.30 Problema 7.42.

k 5 100 N/m m 5 0.50 kg

1.00 m

0.20 m

Figura 7.31 Problema 7.43.la caja. Se indican los coeficientes de fricción entre la caja y el techo.
a) Obtenga la fuerza de fricción sobre la bolsa de grava y sobre la caja.
b) Repentinamente un trabajador quita la bolsa de grava. Utilice la
conservación de la energía para calcular la rapidez de la cubeta luego
de haya descendido 2.00 m partiendo del reposo. (Usted puede verifi-
car su respuesta resolviendo este problema con las leyes de Newton.)

ms 5 0.700

Caja

Grava

Concreto

mk 5 0.400

Figura 7.29 Problema 7.39.

7.40. Dos bloques con diferente masa están unidos a cada uno de los
extremos de una cuerda ligera, que pasa por una polea ligera sin fric-
ción que está suspendida del techo. Los bloques se sueltan desde el re-
poso y el más pesado comienza a descender. Una vez que este bloque
ha descendido 1.20 m, su rapidez es de 3.00 m>s. Si la masa total de
los dos bloques es de 15.0 kg, ¿qué masa tiene cada bloque?
7.41. Física legal. En un accidente de tránsito, un automóvil golpeó a
un peatón y luego el conductor pisó el freno para detener el auto. Du-
rante el juicio subsecuente, el abogado del conductor alegó que éste
había respetado el límite de rapidez de 35 mph que indicaban los letre-
ros; pero que esa rapidez permitida era demasiado alta para que el con-
ductor pudiera ver y reaccionar a tiempo ante el peatón. Imagine que el
fiscal le llama como testigo experto. Su investigación del accidente
produce las mediciones siguientes: las marcas de derrape producidas
durante el tiempo en que los frenos estaban aplicados tenían una longi-
tud de 280 ft, y el dibujo de los neumáticos produjo un coeficiente de
fricción cinética de 0.30 con el pavimento. a) En su testimonio en el
juzgado, ¿dirá que el conductor conducía respetando el límite de rapi-
dez? Usted deberá ser capaz de respaldar su conclusión con un razona-
miento claro, porque es seguro que uno de los abogados lo someterá a
un interrogatorio. b) Si la multa por exceso de rapidez fuera de $10 por
cada mph más allá del límite de rapidez permitido, ¿el conductor ten-
dría que pagar multa y, en tal caso, de cuánto sería?
7.42. Un bloque de 2.00 kg se empuja contra un resorte con masa 
despreciable y constante de fuerza k 5 400 N>m, comprimiéndolo
0.220 m. Al soltarse el bloque, se mueve por una superficie sin fricción
que primero es horizontal y luego sube a 37.0° (figura 7.30). a) ¿Qué
rapidez tiene el bloque al deslizarse sobre la superficie horizontal 
después de separarse del resorte? b) ¿Qué altura alcanza el bloque 
antes de pararse y regresar?

7.44. En una superficie horizontal, una caja con masa de 50.0 kg se 
coloca contra un resorte que almacena 360 J de energía. El resorte 
se suelta y la caja se desliza 5.60 m antes de detenerse. ¿Qué rapidez
tiene la caja cuando está a 2.00 m de su posición inicial?
7.45. Rebote de pelota. Una pelota de caucho de 650 gramos se deja
caer desde una altura de 2.50 m y en cada rebote alcanza el 75% de la
altura que alcanzó en el rebote anterior. a) Calcule la energía mecánica
inicial de la pelota, inmediatamente después de soltarse desde la al-
tura original. b) ¿Cuánta energía mecánica pierde la pelota en su pri-
mer rebote? ¿Qué sucede con esa energía? c) ¿Cuánta energía mecá-
nica se pierde durante el segundo rebote?
7.46. Rizo vertical. Un carrito
de un juego de un parque de diver-
siones rueda sin fricción por la vía
de la figura 7.32, partiendo del re-
poso en A a una altura h sobre la
base del rizo. Trate el carrito co-
mo partícula. a) ¿Qué valor mí-
nimo debe tener h (en términos de
R) para que el carrito se desplace por el rizo sin caer en la parte supe-
rior (el punto B)? b) Si h 5 3.50R y R 5 20.0 m, calcule la rapidez,
aceleración radial y aceleración tangencial de los pasajeros cuando 
el carrito está en el punto C, en el extremo de un diámetro horizon-
tal. Haga un diagrama a escala aproximada de las componentes de 
la aceleración.
7.47. Un trozo de madera de 2.0 kg
resbala por la superficie que se
muestra en la figura 7.33. Los la-
dos curvos son perfectamente li-
sos; pero el fondo horizontal tiene
una longitud de 30 m y es áspero,
con coeficiente de fricción cinética de 0.20 con la madera. El trozo de
madera parte del reposo 4.0 m arriba del fondo áspero. a) ¿Dónde se
detendrá finalmente este objeto? b) Para el movimiento desde que 
se suelta la madera hasta que se detiene, ¿cuál es el trabajo total 
que realiza la fricción?
7.48. Subir y bajar la loma. Una roca de 28 kg se acerca al pie de
una loma con rapidez de 15 m>s. La ladera de la loma tiene un ángulo
constante de 40.0° sobre la horizontal. Los coeficientes de fricción es-
tática y cinética entre la loma y la roca son 0.75 y 0.20, respectivamen-
te. a) Use la conservación de la energía para obtener la altura máxima
por arriba del pie de la loma a la que subirá la roca. b) ¿La roca per-
manecerá en reposo en ese punto más alto o se deslizará cuesta abajo?
c) Si la roca resbala hacia abajo, calcule su rapidez cuando vuelva al
pie de la loma.
7.49. Una piedra de 15.0 kg baja
deslizándose una colina nevada (fi-
gura 7.34), partiendo del punto A
con una rapidez de 10.0 m>s. No
hay fricción en la colina entre los
puntos A y B, pero sí en el terreno
plano en la base, entre B y la pared.
Después de entrar en la región ás-

A

C
B

R
h

Figura 7.32 Problema 7.46.

Fondo áspero

Madera

Figura 7.33 Problema 7.47.

Áspero
15 m

20 m

B

A

Figura 7.34 Problema 7.49.

7.43. Un bloque con masa de 0.50 kg se empuja contra un resorte hori-
zontal de masa despreciable, comprimiéndolo 0.20 m (figura 7.31). Al
soltarse, el bloque se mueve 1.00 m sobre una mesa horizontal antes de
detenerse. La constante del resorte es k 5 100 N>m. Calcule el coefi-
ciente de fricción cinética mk entre el bloque y la mesa.
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17. Una persona tiene una enerǵıa potencial gravitacional de 1870 J con respecto a la Tierra cuando
se encuentra a una altura de 2, 2 m. ¿Qué enerǵıa potencial gravitacional tiene esa persona con
respecto a la Tierra cuando se encuentra a una altura de 923 m?

18. Una part́ıcula de masa m = 5 kg se suelta desde el punto A y se desliza sobre la pista sin fricción
que se muestra en la figura. Determine

a) La rapidez de la part́ıcula en los puntos B y C. (Resp: 5,94 m/s, 7,67 m/s)

b) El trabajo neto realizado por la fuerza de gravedad al mover la part́ıcula de A a C. (Resp:
147 J)

Problems 241

Figure P8.15

Figure P8.13

Figure P8.11 Problems 11 and 12.

12. A mass m starts from rest and slides a distance d down a
frictionless incline of angle !. While sliding,  it contacts
an unstressed spring of negligible mass, as shown in Fig-
ure P8.11. The mass slides an additional distance x as it
is brought momentarily to rest by compression of the
spring (of force constant k). Find the initial separation
d between the mass and the spring.

cal spring of constant k " 5 000 N/m and is pushed
downward so that the spring is compressed 0.100 m. Af-
ter the block is released, it travels upward and then
leaves the spring. To what maximum height above the
point of release does it rise?

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

19. A 0.400-kg ball is thrown straight up into the air and
reaches a maximum altitude of 20.0 m. Taking its initial
position as the point of zero potential energy and using
energy methods, find (a) its initial speed, (b) its total
mechanical energy, and (c) the ratio of its kinetic en-
ergy to the potential energy of the ball–Earth system
when the ball is at an altitude of 10.0 m.

20. In the dangerous “sport” of bungee-jumping, a daring
student jumps from a balloon with a specially designed

14. A simple, 2.00-m-long pendulum is released from rest
when the support string is at an angle of 25.0° from the
vertical. What is the speed of the suspended mass at the
bottom of the swing?

15. A bead slides without friction around a loop-the-loop
(Fig. P8.15). If the bead is released from a height h "
3.50R, what is its speed at point A? How great is the nor-
mal force on it if its mass is 5.00 g?

16. A 120-g mass is attached to the bottom end of an un-
stressed spring. The spring is hanging vertically and has
a spring constant of 40.0 N/m. The mass is dropped.
(a) What is its maximum speed? (b) How far does it
drop before coming to rest momentarily?

17. A block of mass 0.250 kg is placed on top of a light verti-

13. A particle of mass m " 5.00 kg is released from point !
and slides on the frictionless track shown in Figure
P8.13. Determine (a) the particle’s speed at points "
and # and (b) the net work done by the force of gravity
in moving the particle from ! to #.

m = 3.00 kg

d

k = 400 N/m

θ = 30.0°θ

3.20 m

!

"

#

m

2.00 m

5.00 m

A

R

h

Figure P8.20 Bungee-jumping. (Gamma)

19. Una masa de 3 kg parte del reposo y se desliza una distancia d por una pendiente sin fricción de
30◦. Mientras se desliza hace contacto con un resorte no deformado de masa despreciable, como
se muestra en la figura. La masa se desliza 0, 20 m adicionales cuando alcanza momentáneamente
el reposo y comprime el resorte de constante k = 400 N/m. Encuentre la separación inicial d
entre la masa y el resorte. (Resp: 0,34 m)

Problems 241

Figure P8.15

Figure P8.13

Figure P8.11 Problems 11 and 12.

12. A mass m starts from rest and slides a distance d down a
frictionless incline of angle !. While sliding,  it contacts
an unstressed spring of negligible mass, as shown in Fig-
ure P8.11. The mass slides an additional distance x as it
is brought momentarily to rest by compression of the
spring (of force constant k). Find the initial separation
d between the mass and the spring.

cal spring of constant k " 5 000 N/m and is pushed
downward so that the spring is compressed 0.100 m. Af-
ter the block is released, it travels upward and then
leaves the spring. To what maximum height above the
point of release does it rise?

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

19. A 0.400-kg ball is thrown straight up into the air and
reaches a maximum altitude of 20.0 m. Taking its initial
position as the point of zero potential energy and using
energy methods, find (a) its initial speed, (b) its total
mechanical energy, and (c) the ratio of its kinetic en-
ergy to the potential energy of the ball–Earth system
when the ball is at an altitude of 10.0 m.

20. In the dangerous “sport” of bungee-jumping, a daring
student jumps from a balloon with a specially designed

14. A simple, 2.00-m-long pendulum is released from rest
when the support string is at an angle of 25.0° from the
vertical. What is the speed of the suspended mass at the
bottom of the swing?

15. A bead slides without friction around a loop-the-loop
(Fig. P8.15). If the bead is released from a height h "
3.50R, what is its speed at point A? How great is the nor-
mal force on it if its mass is 5.00 g?

16. A 120-g mass is attached to the bottom end of an un-
stressed spring. The spring is hanging vertically and has
a spring constant of 40.0 N/m. The mass is dropped.
(a) What is its maximum speed? (b) How far does it
drop before coming to rest momentarily?

17. A block of mass 0.250 kg is placed on top of a light verti-

13. A particle of mass m " 5.00 kg is released from point !
and slides on the frictionless track shown in Figure
P8.13. Determine (a) the particle’s speed at points "
and # and (b) the net work done by the force of gravity
in moving the particle from ! to #.

m = 3.00 kg

d

k = 400 N/m

θ = 30.0°θ

3.20 m

!
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R

h

Figure P8.20 Bungee-jumping. (Gamma)

20. Un bloque de 2, 14 kg se deja caer desde una altura h = 43, 6 cm contra un resorte de constante
k = 18, 6 N/m, como se muestra en la figura. Halle la distancia máxima de compresión del
resorte. (Resp. 0,11 m)

se$ffi A 700 g block is released from rest at height h0 above a

vertical spring with spring constant k : 400 N/m and negligi-

ble mass. The block sticks to the spring and momentarily stops

after compressing the spring 19.0 cm. How much work is

done (u) by the block on the spring and (b) bV the spring on

the block? (c) What is the value of h0? (d) If the block were

released from height 2.00h0 above the spring, what would be

the maximum compression of the spring?

**1# In Problem B, what are the magnitudes of (a) the hori-
zontal component and (b) the vertical component of the

net force acting on the block at point Q? @) At what height

/z should the block be released from rest so that it is on the

verge of losing contact with the track at the top of the loop?

(O, tlte verge of losing contact means that the normal force on

the block from the track has just then become zero.) (d) Graph

the magnitude of the normal force on the block at the top of the

loop versus initial height h,for the ran ge h - 0 lo h : 5R.

s##S A single conservative force F - $.Ax - Iz)i N, where

x is in meters, acts on a particle moving along an x axis. The

potential ener gy U associated with this force is assigned a value

of 27 J at x - 0. (u) Write an expression for U as a function of x,

with (J rnjoules and x in meters. (b) What is the maximum posi-

tive potential energy? At what (c) negative value and (d) posi-

tive value of x is the potential energy equal to zero?

e**1 The string in Fig.

8-37 is L - I20 cm long,

has a ball attached to one

end, and is fixed at its
other end. The distance d

from the fixed end to a

flxed peg at point P is 7 5.0

cm. When the initially sta-

tionary ball is released

with the string horrzontal
as shown, it will swing

along the dashed arc.
F$ffi" S-ffi? Problems 21 and 68.

What is its speed when it reaches (u) its
lowest point and (b) its highest point after

the string catches on the peg? tLw

e$g* A block of mass m - 2.0 kg is

dropped from height h - 40 cm onto a

spring of spring constant k - 1960 N/m
(Fig. 8-38). Find the maximum distance the

spring is compressed.

s**S At t - 0 a 1.0 kg ball is thrown from
a tall tower with i - (18 m/s)i + Qa d{j.
What is LU of the ball-Earth system be-

tween t : 0and t : 6.0s (still free fall)?

e sff4 A 60 kg skier starts from rest at

/l\/a:./l\
h --.

---l- 
---

height H - 20 m above the end of a ski-jump ramp (Fig. 8-39)

and leaves the ramp at angle 0 : 28". Neglect the effects of air

resistance and assume the ramp is frictionless. (a) What is the

maximum height h of his j.r*p above the end of the ramp? (b)

If he increased his weight by putting on a backpack, would /z

Problems

1!.,i,i

.1i5

Ffiffi" ffi"4,7

ProblemZT.

1

I
\

(b) If no, what is the greatest 
:

force on it during the swing? If
yeS, at what angle with the ver-

tical does it break?

ssffs A pendulum consists of 
Fffffi' ffi-4ffi Problem25'

a2.0 kg stone swinging on a 4.0 m string of negligible mass. The

stone has a speed of 8.0 m/s when it passes its lowest point. (a)

What is the speed when the string is at 60" to the vertical? (b)

What is the greatest angle with the vertical that the string will
reach during the stone's motion? (.) If the potential energy of

the pendulum-Earth system is taken to be zero at the stone's

lowest point, what is the total mechanical energy of the system?

ssff? Figure 8-4I shows an 8.00 kg

stone at rest on a spring. The spring is

compressed 10.0 cm by the stone. (a)

What is the spring constant? (b) The

stone is pushed down an additional
30.0 cm and released. What is the elas-

tic potential energy of the compressed

spring just before that release? (.) What

is the change in the gravrtational poten-

tial energy of the stone-Earth system when the stone moves

from the release point to its maximum height? (d) What is that

maximum height, measured from the release point?

**ffffi A2.0 kg breadbox on a frictionless incline of angle 0 --
40' is connected, by a cord that runs over a pulley, to a light
spring of spring constant k : I20 N/m, as shown in Fig. B-4z.The

box is released from rest when the spring is unstretched. Assume

that the pulley is massless and frictionless. (a) Vfhat is the speed

of the box when it has moved 10 cm down the incline? (b) How
far down the incline from its point of release does the box slide

before momentarily stopping, and what are the (c) magnitude

and (d) direction (up or down the incline) of the box's accelera-

tion at the instant the box momentarily stops?

F$ffi. ffi-Sffi

Problem22.

e

FEffi. ffi-ffiW Problem24. F$ffi. ffi-4# Problem}B.
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21. En la figura se ve un bloque de 10 kg que se suelta desde el punto A situado a 3 m de altura.
La pista no ofrece fricción excepto en la parte entre B y C, de 6 m de longitud. El bloque se
mueve hacia abajo por la pista, golpea un resorte de constante k = 2250N/m y lo comprime
0,3 m desde su posición de equilibrio antes de quedar momentáneamente en reposo. Determine
el coeficiente de fricción cinética entre el bloque y la superficie rugosa entre B y C. (Resp: 0,327)

22. Una cuenta se desliza sin fricción alrededor de un rizo, como se observa en la figura. La cuenta
se suelta desde una altura h = 3, 5R.

a) ¿Cuál es la rapidez en el punto A? (Resp: |~v| =
√

3gR)

b) ¿Qué magnitud tiene la fuerza normal sobre ella si su masa es de 5g? (Resp: 0.098 N hacia
abajo)

23. Un bloque de 2 kg situado sobre una pendiente rugosa se conecta a un resorte de masa desprecia-
ble que tiene una constante de resorte de 100 N/m. El bloque se suelta desde el reposo, cuando el
resorte no est deformado, y la polea no presenta fricción. El bloque se mueve 20 cm hacia abajo
de la pendiente antes de detenerse. Encuentre el coeficiente de fricción cinético entre el bloque y
la pendiente. (Resp: 0,115)

24. Una part́ıcula se mueve a lo largo del eje x mediante una fuerza ~F = (Ax2 + 2Bx)̂ı, donde
A = 3 N/m2 y B = 2 N/m son constantes. Calcule el trabajo realizado por esta fuerza al ser
trasladada la part́ıcula desde x = 0 hasta x = 7 m.
(Resp: 441 J)
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25. Un libro de 2, 5 kg se empuja contra un resorte horizontal de masa despreciable y constante
k = 250 N/m, comprimiéndolo 0, 25m desde la posición de equilibrio del resorte. Al soltarse, el
libro se desliza sobre una mesa horizontal que tiene coeficiente de fricción cinética µk = 0,3. Use
el teorema trabajo-enerǵıa para determinar qué distancia recorre el libro desde su posición inicial
hasta detenerse. (Resp: 1,1 m)

26. Un bloque de 20 kg se conecta a otro de 30 kg por medio de una cuerda que pasa por una polea
sin fricción. El bloque de 30 kg está conectado a un resorte que tiene una masa despreciable y una
constante de fuerza de 250 N/m. El resorte no esta deformado cuando el sistema se encuentra
en las condiciones indicadas en la figura, y la pendiente no presenta fricción. El bloque de 20 kg
se hala 20 cm hacia abajo por la pendiente, de manera que el bloque de 30 kg ascienda a 40 cm
sobre el suelo, y se suelta desde el reposo. Encuentre la velocidad de cada bloque cuando el de
30 kg está a 20 cm sobre el suelo (es decir, cuando el resorte no está deformado). (Resp: 1,24
m/s)

27. Una part́ıcual está unida entre dos resortes idénticos sobre una mesa horizontal sin fricción.
Ambos resortes tienen constante k y están inicialmente sin deformar.

a) Si la part́ıcula es halada una distancia x a lo largo de una dirección perpendicular a la
configuración inicial de los resortes, como se ve en la figura, muestre que la fuerza ejercida
por los resortes sobre la part́ıcula es:
~F = −2kx(1− L√

x2+L2
)̂ı

b) Determinte la cantidad de tabajo realizado por esta fuerza al mover la part́ıcula de x = A
a x = 0. (Resp: W = 2kL2 + kA2 − 2kL

√
A2 + L2)

28. Un cohete de 1500 kg se dispara con una rapidez inicial ascendente de 50 m/s desde la base de
una rampa. Para ayudar a los motores, los ingenieros lo sueltan desde el reposo sobre la rampa
que se eleva 53◦ por arriba de la horizontal. En la base, la rampa da vuelta hacia arriba y lanza el
cohete verticalmente. Los motores proporcionan una fuerza constante hacia delante de 2000 N ,
y la fuerza de fricción cinética con la superficie de la rampa es constante y de magnitud igual a
500 N . ¿Qué tan lejos de la base de la rampa debeŕıa soltarse el cohete, medido a lo largo de la
superficie inclinada? (Resp: 142 m)
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29. El cable del elevador de 17800 N de peso que se muestra en la figura se revienta cuando el
elevador está en resposo en el primer piso estando el fondo a una distancia de 3,6 m sobre un
resorte amortiguador cuya constante es k = 146000 N/m. Un dispositivo de seguridad afianza
las gúıas de de manera que al movimiento del ascensor se opone una fuerza de fricción constante
de 4450 N. Halle la rapidez del elevador justo antes de que choque contra el resorte. Halle la
distancia en que se comprime el resorte. Halle la distancia hasta la que asciende la cabina luego
de rebotar. (Resp. 7,3 m/s, 0,9 m y 2,6 m desde donde el resorte está en su estado de relajación)

30. Un estudiante está tratando de golpear una pequeña caja que está en el suelo con una esfera de
0,2 kg de masa, que dispara con un dispositivo de resorte (de constante k = 400N/m) montado
sobre una mesa que tiene 1 m de altura. La caja está a 2, 2 m de distancia horizontal desde el
borde de la mesa. Si la mesa tiene un coeficiente de fricción cinética µk = 0,2, ¿qué distancia
se debe comprimir el resorte para que la esfera golpee a la caja cayendo desde arriba? (Resp:
0,108 m)

31. Un objeto pequeño de 0,23 kg de masa se desliza por un carril con extremos elevados y una
parte central plana, como se muestra en la figura. La parte plana tiene una longitud L = 2,16 m.
Las porciones curvas del carril carecen de fricción. Al atravesar la parte plana, el objeto pierde
688 mJ de enerǵıa mecánica, debido a la fricción. El objeto es soltado en el punto A, que tiene
una altura h = 1,05 m sobre la parte plana del carril. ¿Dónde llega el objeto finalmente al
reposo? (Resp: Llega al reposo en la mitad de la parte plana, luego de haber pasado tres veces
por ah́ı previamente)
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