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Halliday/Resnick/Walker 7e
Chapter 8

2. (a) Noting that the vertical displacement is 10.0 — 1.5 = 8.5 m downward (same direction as
F,), Eq. 7-12 yields

W, = mgd cos ¢ = (2.00) (9.8) (8.5) cos 0°=167 J.

(b) One approach (which is fairly trivial) is to use Eq. 8-1, but we feel it is instructive to instead
calculate this as AU where U = mgy (with upwards understood to be the +y direction).

AU = mgy, —mgy, = (2.00) (9.8) (15) - (2.00) (9.8) (10.0) = ~167J.

(c) In part (b) we used the fact that U; = mgy; =196 J.
(d) In part (b), we also used the fact Ur=mgy,=29 J.

(e) The computation of W, does not use the new information (that U = 100 J at the ground), so
we again obtain W, =167 J.

(f) As a result of Eq. 8-1, we must again find AU =W, =-167J.

(g) With this new information (that Uy = 100 J where y = 0) we have
U;=mgy; + Uy=296].

(h) With this new information (that Uy = 100 J where y = 0) we have
Ur=mgys+ Uy =129 J.

We can check part (f) by subtracting the new U; from this result.

3. (a) The force of gravity is constant, so the work it does is given by W =F -d , where Fis the

force and d is the displacement. The force is vertically downward and has magnitude mg,
where m is the mass of the flake, so this reduces to W = mgh, where # is the height from which
the flake falls. This is equal to the radius » of the bowl. Thus

W =mgr=(200x10" kg) (9.8 m/s*)(22.0x 10> m) =4.31x10"J.

(b) The force of gravity is conservative, so the change in gravitational potential energy of the
flake-Earth system is the negative of the work done: AU=—W=-4.31 x 10 J.
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(c) The potential energy when the flake is at the top is greater than when it is at the bottom by
|AU|. If U = 0 at the bottom, then U =+4.31 x 10~ J at the top.

(d) If U= 0 at the top, then U=—4.31 x 10~ J at the bottom.

(e) All the answers are proportional to the mass of the flake. If the mass is doubled, all answers
are doubled.

5. We use Eq. 7-12 for W, and Eq. 8-9 for U.

(a) The displacement between the initial point and A is horizontal, so ¢ = 90.0° and
W, =0 (since cos 90.0° = 0).

(b) The displacement between the initial point and B has a vertical component of 4#/2 downward
(same direction as Ii ), SO we obtain

W, =F, ~c§=%mgh=%(825 kg)(9.80 m/s*)(42.0 m)=1.70x10° J.

g

(c) The displacement between the initial point and C has a vertical component of # downward
(same direction as F), ), so we obtain

I 37 2
W, =F,-d =mgh=(825 kg)(9.80 m/s*)(42.0 m)=3.40x10° J.

(d) With the reference position at C, we obtain

U, =%mgh=%(825 kg)(9.80 m/s>)(42.0 m)=1.70x10° J

(e) Similarly, we find
U,=mgh=(825kg)(9.80 m/s*)(42.0 m)=3.40x10" J

() All the answers are proportional to the mass of the object. If the mass is doubled, all answers
are doubled.

7. We use Eq. 7-12 for W, and Eq. 8-9 for U.

(a) The displacement between the initial point and Q has a vertical component of 7 — R
downward (same direction as F % )» 80 (with 7 = 5R) we obtain

W,=F,-d=4mgR =4(3.20x107 kg)(9.80 m/s?)(0.12 m)=0.15J .
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(b) The displacement between the initial point and the top of the loop has a vertical component
of h — 2R downward (same direction as F, % )> 80 (with = 5R) we obtain

W,=F,-d=3mgR=3(3.20x10" kg)(9.80 m/s’)(0.12 m)=0.1117.

(c) With y=h = 5R, at P we find

U=5mgR=53.20x10" kg)(9.80 m/s*)(0.12 m)=0.19 J.
(d) With y =R, at O we have

U=mgR=(3.20x10" kg)(9.80 m/s*)(0.12 m)=0.038 ]

(e) With y =2R, at the top of the loop, we find

U=2mgR=23.20x10" kg)(9.80 m/s*)(0.12 m)=0.075J
(f) The new information (v, #0) is not involved in any of the preceding computations; the

above results are unchanged.

9. (a) If K; is the kinetic energy of the flake at the edge of the bowl, K/ is its kinetic energy at the
bottom, U, is the gravitational potential energy of the flake-Earth system with the flake at the top,
and Uy is the gravitational potential energy with it at the bottom, then K, + Ur= K; + U,.

Taking the potential energy to be zero at the bottom of the bowl, then the potential energy at the
top is U; = mgr where r = 0.220 m is the radius of the bowl and m is the mass of the flake. K; =0
since the flake starts from rest. Since the problem asks for the speed at the bottom, we write

1 :
Emv2 for Kr. Energy conservation leads to

W, =F -d=mgh=mgL(l-cosf) .

4 4
The speed is v=4/2gr =2.08 m/s.

(b) Since the expression for speed does not contain the mass of the flake, the speed would be the
same, 2.08 m/s, regardless of the mass of the flake.

(c) The final kinetic energy is given by K= K; + U; — Uy. Since K; is greater than before, K is
greater. This means the final speed of the flake is greater.

0+196=K,+29.0
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11. We use Eq. 8-17, representing the conservation of mechanical energy (which neglects
friction and other dissipative effects).

(a) In Problem 4, we found U, = mgh (with the reference position at C). Referring again to Fig.
8-32, we see that this is the same as Uy which implies that K4 = Ky and thus that

vs=vo=17.0 m/s.
(b) In the solution to Problem 4, we also found U, =mgh/2. In this case, we have

K,+U,=K;+U,

1, | h
—mv, +mgh=—mvy +mg| —
5 Mo & 5 MVs g(2)

which leads to

Vg =\/V§ +gh =\/(17.0)2 +(9.80)(42.0) =26.5 m/s.

(c) Similarly,.

Ve = Ve +2gh =+/(17.0)* +2(9.80)(42.0) =33.4 m/s.

(d) To find the “final” height, we set K,= 0. In this case, we have
Ky+Uy,=K,+U,

1
Emvg +mgh=0+mgh,

2 2
which leads to &, = h+2=42.0 m + -0 1/S)

) _56.7 m.
2g 2(9.80 m/s’)

(e) It 1s evident that the above results do not depend on mass. Thus, a different mass for the
coaster must lead to the same results.

13. We neglect any work done by friction. We work with SI units, so the speed is converted: v =
130(1000/3600) = 36.1 m/s.

(a) We use Eq. 8-17: K, + Uy = K; + U; with U; = 0, Uy = mgh and K;= 0. Since K, =1mv?,
where v is the initial speed of the truck, we obtain
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665 m

2 2
lmvzzmgh = h=—= 361 =
2 2g 2098

If L is the length of the ramp, then L sin 15° = 66.5 m so that L = 66.5/sin 15° = 257 m.
Therefore, the ramp must be about 2.6 x 10* m long if friction is negligible.

(b) The answers do not depend on the mass of the truck. They remain the same if the mass is
reduced.

(c) If the speed is decreased, 4 and L both decrease (note that / is proportional to the square of
the speed and that L is proportional to /).

16. We place the reference position for evaluating gravitational potential energy at the relaxed
position of the spring. We use x for the spring's compression, measured positively downwards
(so x > 0 means it is compressed).

(a) With x = 0.190 m, Eq. 7-26 gives W, = —%kx2 =-722J1~-721] for the work done by the

spring force. Using Newton's third law, we see that the work done on the spring is 7.2 J.
(b) As noted above, W, =-7.2 J.
(c) Energy conservation leads to

K +U, =K +U,

1
mgh, = —mgx +5 kx®

which (with m = 0.70 kg) yields /= 0.86 m.

(d) With a new value for the height Aj =2h, =172 m, we solve for a new value of x using the
quadratic formula (taking its positive root so that x > 0).

_mg+ \/(mg)2 +2mgkh;
- k

1
mgh; = —mgx+5kx2 = X

which yields x = 0.26 m.

17. We take the reference point for gravitational potential energy at the position of the marble
when the spring is compressed.

(a) The gravitational potential energy when the marble is at the top of its motion is U, =mgh,
where 4 =20 m is the height of the highest point. Thus,
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U, =(50x10" kg)(98m/s’)(20 m) = 0.98 J.

(b) Since the kinetic energy is zero at the release point and at the highest point, then conservation
of mechanical energy implies AU, + AU; = 0, where AU, is the change in the spring's elastic
potential energy. Therefore, AU; = -AU, =-0.98 J.

(c) We take the spring potential energy to be zero when the spring is relaxed. Then, our result in
the previous part implies that its initial potential energy is U; = 0.98 J. This must be 1 kx>, where
k 1s the spring constant and x is the initial compression. Consequently,

_2U,  2(0981))
x> (0.080 m)*

=31x10*> N/m =31 N/cm.

21. (a) At Q the block (which is in circular motion at that point) experiences a centripetal
acceleration v*/R leftward. We find v* from energy conservation:

K,+U,=K,+U,

1
0+ mgh = Emv2 +mgR

Using the fact that 4 = 5R, we find mv* = 8mgR. Thus, the horizontal component of the net force
on the block at Q is

F = mv*/R = 8mg=8(0.032 kg)(9.8 m/s*)=2.5 N.
and points left (in the same direction as a ).
(b) The downward component of the net force on the block at Q is the downward force of gravity
F = mg =(0.032 kg)(9.8 m/s*)=0.31 N.

(c) To barely make the top of the loop, the centripetal force there must equal the force of gravity:

2

my;,

=mg = mv, =mgR

This requires a different value of /# than was used above.
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K,+U,=K,+U,

0+mgh = %mvf +mgh,

mgh = %(ng) +mg(2R)

Consequently, # =2.5R = (2.5)(0.12 m) = 0.3 m.

(d) The normal force Fy, for speeds v, greater than ,/gR (which are the only possibilities for
non-zero Fy — see the solution in the previous part), obeys

2
my,

F, = R

from Newton's second law. Since v/ is related to / by energy conservation
1,
K,+U,=K,+U, :>gh=5vt +2gR

then the normal force, as a function for 4 (so long as 4 > 2.5R — see solution in previous part),
becomes

Thus, the graph for 4 > 2.5R consists of a straight line of positive slope 2mg/R (which can be set
to some convenient values for graphing purposes).

Fy

T T T T T T T h
0.1 02 03 04 05 06 07

Note that for 4 < 2.5R, the normal force is zero.
22. (a) To find out whether or not the vine breaks, it is sufficient to examine it at the moment

Tarzan swings through the lowest point, which is when the vine — if it didn't break — would
have the greatest tension. Choosing upward positive, Newton's second law leads to
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2
I'-mg= m-—
r
where » = 18.0 m and m=W/g=688/9.8=70.2 kg. We find the v* from energy conservation
(where the reference position for the potential energy is at the lowest point).

1
mgh = Emv2 = v’ = 2gh

where 4 = 3.20 m. Combining these results, we have

T:mg+m@=mg(l+%j
r r

which yields 933 N. Thus, the vine does not break.

(b) Rounding to an appropriate number of significant figures, we see the maximum tension is
roughly 9.3x 10 N.

25. From Chapter 4, we know the height 4 of the skier's jump can be found from
vi =0=v, ,—2gh where vy, = vo sin 28° is the upward component of the skier's “launch

velocity.” To find vy we use energy conservation.
(a) The skier starts at rest y = 20 m above the point of “launch” so energy conservation leads to

1
mgyzamvzzv:\/@:20m/s

which becomes the initial speed vy for the launch. Hence, the above equation relating 4 to vy
yields

. 02
A CLLE. D Ry
2g

(b) We see that all reference to mass cancels from the above computations, so a new value for
the mass will yield the same result as before.

29. We refer to its starting point as 4, the point where it first comes into contact with the spring
as B, and the point where the spring is compressed |x| = 0.055 m as C. Point C is our reference
point for computing gravitational potential energy. Elastic potential energy (of the spring) is zero
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when the spring is relaxed. Information given in the second sentence allows us to compute the
spring constant. From Hooke's law, we find

F_ 270N

x 0.02m

=1.35x10* N/m.

(a) The distance between points 4 and B is F, and we note that the total sliding distance /¢ +|x|
is related to the initial height % of the block (measured relative to C) by

———=sin 0
€+|x|

where the incline angle @1is 30°. Mechanical energy conservation leads to

K,+U,=K.+U_,

O+mgh=0+%kx2

which yields
2 (1.35x10* N/m)(0.055 m)’
ok _ (1.35x10° N/m}(0.055 m) ~0.174 m.
2mg 2(12 kg) (9.8 m/sz)
Therefore,
(im0 s

sin 30° sin 30°

(b) From this result, we find /=0.35-0.055=029m , which means that
Ay =—/sinf=—-0.15 m 1in sliding from point 4 to point B. Thus, Eq. 8-18 gives

AK+AU =0

1
Emvé +mgAh =0

which yields v, = \[-2gAh = /—(9.8)(=0.15) = 1.7 m/s .

33. From the slope of the graph, we find the spring constant

k =A—F =010N/cm=10N/m.
Ax
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(a) Equating the potential energy of the compressed spring to the kinetic energy of the cork at the
moment of release, we have

which yields v =2.8 m/s for m = 0.0038 kg and x = 0.055 m.

(b) The new scenario involves some potential energy at the moment of release. With d =0.015 m,
energy conservation becomes

lkx2 =lmv2 +lkd2 >v= k(xz —dz)
2 2 2 m

which yields v = 2.7 m/s.
37. From Fig. 8-48, we see that at x = 4.5 m, the potential energy is U; = 15 J. If the speed is v =
7.0 m/s, then the kinetic energy is K;=mv*/2 = (0.90 kg)(7.0 m/s)*/2 = 22 J. The total energy is E;

:U1+K1:(15+22):37J.

(a) At x = 1.0 m, the potential energy is U, = 35 J. From energy conservation, we have K,=2.0 J
> 0. This means that the particle can reach there with a corresponding speed

v, :\/2K2 - 2200 =2.1m/s.
m  \0.90 kg

(b) The force acting on the particle is related to the potential energy by the negative of the slope:

p o AU
Ax
From the figure we have F_ _ 35715 =+10 N.

(c) Since the magnitude F, > 0, the force points in the +x direction.

(d) At x = 7.0m, the potential energy is Us = 45 J which exceeds the initial total energy E;. Thus,
the particle can never reach there. At the turning point, the kinetic energy is zero. Between x = 5
and 6 m, the potential energy is given by

Ux)=15+30(x-5), 5<x<6.
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Thus, the turning point is found by solving 37 =15+30(x—5), which yields x = 5.7 m.

(e) At x =5.0 m, the force acting on the particle is

sz_AUz_(45—15) .
Ax  (6-5m

The magnitude is | F [=30 N.
(f) The fact that F_ < Oindicated that the force points in the —x direction.

42. (a) The work is W= Fd = (35 N)(3 m)=105J.
(b) The total amount of energy that has gone to thermal forms is (see Eq. 8-31 and Eq. 6-2)

AEq, = e mgd = (0.6)(4 kg)(9.8 m/s*)(3 m) = 70.6 J.
I£ 40 J has gone to the block then (70.6 — 40) J = 30.6 J has gone to the floor.
(c) Much of the work (105 J ) has been “wasted” due to the 70.6 J of thermal energy generated,
but there still remains (105 — 70.6 ) J = 34.4 J which has gone into increasing the kinetic energy
of the block. (It has not gone into increasing the potential energy of the block because the floor
is presumed to be horizontal.)

43. (a) The work done on the block by the force in the rope is, using Eq. 7-7,

W = Fdcos@ = (7.68N)(4.06m)cos15.0°=30.1J.

(b) Using f for the magnitude of the kinetic friction force, Eq. 8-29 reveals that the increase in
thermal energy is

AE, = fd =(7.42N)(4.06m) =30.1J.

(c) We can use Newton's second law of motion to obtain the frictional and normal forces, then
use 4 = f/Fy to obtain the coefficient of friction. Place the x axis along the path of the block and
the y axis normal to the floor. The x and the y component of Newton's second law are

X: Fcos0-f =0
y: Fy+Fsin 0-mg=0,

where m 1s the mass of the block, F is the force exerted by the rope, and & is the angle between
that force and the horizontal. The first equation gives

f=Fcos 8=(7.68)cos15.0°=7.42 N
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and the second gives
Fy=mg— F sin 8= (3.57)(9.8) — (7.68)sin15.0°=33.0 N.
Thus

g =L TN 905,
F, 330N

44. Equation 8-33 provides AEy, = —AEn for the energy “lost” in the sense of this problem.
Thus,

1 1
AE, = 5 m(v: — v/z,) +mg(y, —y,)= 5 (60)(24% —22°%) + (60)(9.8)(14)
=1.1x10" I.

That the angle of 25° is nowhere used in this calculation is indicative of the fact that energy is a
scalar quantity.

45. (a) We take the initial gravitational potential energy to be U; = 0. Then the final gravitational
potential energy is Ur=—mgL, where L is the length of the tree. The change is

U,-U,=-mgL=-(25kg)(9.8 m/s’)(12 m)=-29x10" J .

(b) The kinetic energy is K :%mv2 :%(25 kg)(5.6 m/s)*=3.9x10° J.

(c) The changes in the mechanical and thermal energies must sum to zero. The change in thermal
energy is AEy = fL, where f'is the magnitude of the average frictional force; therefore,

CAK+AU - 39x10°J-2.9x10° ]
L 12 m

f= = 2.1x10* N

48. (a) The initial potential energy is
U, =mgy, = (520 kg) (9.8m/s’) (300 m) =1.53x10° J
where +y is upward and y = 0 at the bottom (so that Ur= 0).
(b) Since fi = w Fy = e mg cos@ we have AE, = f,d = ymgdcos@ from Eq. 8-31. Now, the

hillside surface (of length d = 500 m) is treated as an hypotenuse of a 3-4-5 triangle, so cos 8=
x/d where x = 400 m. Therefore,
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AE, = ,ukmgdg = u,mgx = (0.25)(520)(9.8)(400) =5.1x10° J .

(c) Using Eq. 8-31 (with W= 0) we find

K, =K +U,-U,-AE,
=0+153%x10°-0-51x10°
=0+1.02x10°J.

(d) From K, = %mv2 we obtain v = 63 m/s.

49. We use Eq. 8-31
AE, = f,d =(10N)(5.0m) =501.
and Eq. 7-8
W=Fd=2.0N)5.0m)=101J.
and Eq. 8-31

W=AK+AU +AE,
10 =35+ AU +50

which yields AU =75 J. By Eq. 8-1, then, the work done by gravity is W=-AU=75J.

50. Since the valley is frictionless, the only reason for the speed being less when it reaches the
higher level is the gain in potential energy AU = mgh where h = 1.1 m. Sliding along the rough
surface of the higher level, the block finally stops since its remaining kinetic energy has turned to
thermal energy AE,, = f,d = pmgd , where 1 =0.60. Thus, Eq. 8-33 (with ' = 0) provides us

with an equation to solve for the distance d:

K, =AU +AE, =mg(h+ ud)
1 g . .
where K, = Emvf and v; = 6.0 m/s. Dividing by mass and rearranging, we obtain

2
d=2 o
2ug
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51. (a) The vertical forces acting on the block are the normal force, upward, and the force of
gravity, downward. Since the vertical component of the block's acceleration is zero, Newton's
second law requires Fy = mg, where m is the mass of the block. Thus /= g4 Fy = gy mg. The
increase in thermal energy is given by AEw = fd = . mgD, where D is the distance the block
moves before coming to rest. Using Eq. 8-29, we have

AE, =(025)(35kg)(9.8m/s’)(7.8m) =671,

(b) The block has its maximum kinetic energy Kmax just as it leaves the spring and enters the
region where friction acts. Therefore, the maximum kinetic energy equals the thermal energy
generated in bringing the block back to rest, 67 J.

(c) The energy that appears as kinetic energy is originally in the form of potential energy in the
. 1 . . .
compressed spring. Thus, K, =U, = Ekx2 , where k is the spring constant and x is the

compression. Thus,

2(671
oK _ | 267) e
k 640N/m

54. We look for the distance along the incline d which is related to the height ascended by Ah = d
sin €. By a force analysis of the style done in Ch. 6, we find the normal force has magnitude Fy =
mg cos @which means f; = 14 mg cosé. Thus, Eq. 8-33 (with W = 0) leads to
0=K,-K +AU+AE,
=0-K, + mgd sin @+ p,mgd cosd

which leads to

K. 128
d-— _ _ —43m,
mg(sin@+ u, cosd) (4.0)(9.8)(sin30°+0.30c0s30°)

55. (a) Using the force analysis shown in Chapter 6, we find the normal force F, =mgcos®

(where mg =267 N) which means f; = i, F, =4 mg cos 6. Thus, Eq. 8-31 yields
AE, = f,d = p,mgd cos6 = (0.10)(267)(6.1)cos20°=15x107J.
(a) The potential energy change is
AU = mg(~d sin ) = (267)(=6.1 sin 20°) =—5.6 x 10> J.

The initial kinetic energy is
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1 1( 267N

K=—m?== >
9.8m/s

, : (0.457m/s*) =2.81.
2 2

Therefore, using Eq. 8-33 (with W = 0), the final kinetic energy is

K, =K —AU-AE, =28-(-56x10")-15x10° =4.1x10°].

Consequently, the final speed is v, = /2K, /m =55 m/s.

57. (a) With x = 0.075 m and k =320N/m, Eq. 7-26 yields W, =—1kx* =-090J. For later
reference, this is equal to the negative of AU.

(b) Analyzing forces, we find Fiy = mg which means f, = i, F,, = y,mg . With d = x, Eq. 8-31
yieldsAE,, = f,d = p,mgx = (025)(2.5)(9.8)(0.075) = 046 J.

(c) Eq. 8-33 (with W = 0) indicates that the initial kinetic energy is

K, =AU +AE, =090+046=136]

which leads to v, = /2K, /m =10 m/s.

58. (a) The maximum height reached is 4. The thermal energy generated by air resistance as the
stone rises to this height is AEy, = fh by Eq. 8-31. We use energy conservation in the form of Eq.
8-33 (with W =0):

K,+U,+AE, =K, +U,

and we take the potential energy to be zero at the throwing point (ground level). The initial
kinetic energy is K. = Eng , the initial potential energy is U; = 0, the final kinetic energy is Ky=
0, and the final potential energy is Uy = wh, where w = mg is the weight of the stone.

Thus, wh + fh = %mvé , and we solve for the height:

2 2
mvy v,

2wt f) 280+ f1w)

Numerically, we have, with m = (5.29 N)/(9.80 m/s*)=0.54 kg,

(20.0 m/s)’

= ) = 194 m/S .
2(9.80 m/s?)(1+0.265/5.29)
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(b) We notice that the force of the air is downward on the trip up and upward on the trip down,
since it is opposite to the direction of motion. Over the entire trip the increase in thermal energy

is AEy = 2fh. The final kinetic energy is K, :lmvz, where v is the speed of the stone just
)

before it hits the ground. The final potential energy is Uy= 0. Thus, using Eq. 8-31 (with W' = 0),
we find

| |
—mv-+2fth=—mv,.
2 Jh 5™

We substitute the expression found for / to obtain

2
2¢(+f/w) 2 2

which leads to

cw—f

w4+ f

W= 5_ 2fV§ =V§_ 2ﬁ’§ =v§[1— 2f j
mg(1+ f/w) w(l+ f/w) w4+ f

where w was substituted for mg and some algebraic manipulations were carried out. Therefore,

v=v, /:V”;j; =(20.0 m/s) /% =19.0 m/s.

65. (a) The assumption is that the slope of the bottom of the slide is horizontal, like the ground.
A useful analogy is that of the pendulum of length R = 12 m that is pulled leftward to an angle 8
(corresponding to being at the top of the slide at height 2 = 4.0 m) and released so that the
pendulum swings to the lowest point (zero height) gaining speed v= 6.2m/s. Exactly as we

would analyze the trigonometric relations in the pendulum problem, we find

h=R(1-cosf) = 0 =cos™ (1—%) =48°
or 0.84 radians. The slide, representing a circular arc of length s = R6, is therefore (12)(0.84) =
10 m long.
(b) To find the magnitude f of the frictional force, we use Eq. 8-31 (with W =0):
0=AK+AU+AE,

1
:Emv2 —mgh+ fs
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so that (with m = 25 kg) we obtain /=49 N.

(c) The assumption is no longer that the slope of the bottom of the slide is horizontal, but rather
that the slope of the top of the slide is vertical (and 12 m to the left of the center of curvature).
Returning to the pendulum analogy, this corresponds to releasing the pendulum from horizontal
(at 6 = 90° measured from vertical) and taking a snapshot of its motion a few moments later
when it is at angle 6 with speed v = 6.2 m/s. The difference in height between these two
positions is (just as we would figure for the pendulum of length R)

Ah=R(1-cosf,)— R(1-cos6,)=—Rcosb,

where we have used the fact that cos 6, = 0. Thus, with Ah =-4.0 m, we obtain & =70.5° which
means the arc subtends an angle of [Ag = 19.5° or 0.34 radians. Multiplying this by the radius
gives a slide length of s'=4.1 m.

(d) We again find the magnitude /' of the frictional force by using Eq. 8-31 (with W= 0):

0=AK+AU +AE,,

1
:5mv2 —-mgh+f's'

so that we obtain /'=1.2 x 10* N.

89. We note that if the larger mass (block B, mp= 2 kg) falls d = 0.25 m, then the smaller mass
(blocks A, m4 = 1 kg) must increase its height by 4 =dsin30°. Thus, by mechanical energy
conservation, the kinetic energy of the system is

K =mggd—m,gh=3.71].
105. Since the speed is constant AK = 0 and Eq. 8-33 (an application of the energy conservation
concept) implies

W,

applied — AE, =AE th +AE th

(cube) (floor)

Thus, if Wapptiea = (15)(3.0) = 45 J, and we are told that AEy, (cube) = 20 J, then we conclude that
AE'th (floor) = 2517.

107. To swim at constant velocity the swimmer must push back against the water with a force of

110 N. Relative to him the water is going at 0.22 m/s toward his rear, in the same direction as his
force. Using Eq. 7-48, his power output is obtained:

P=F-V=Fv=(110N)(022m/s)=24W.
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112. (a) The (internal) energy the climber must convert to gravitational potential energy
is AU = mgh =(90)(9.8)(8850) = 7.8 x 10°]J.

(b) The number of candy bars this corresponds to is

7.8x10°]

=1 25x10° Jbar - 0 20AT

119. (a) When there is no change in potential energy, Eq. 8-24 leads to

app

W =AK=%m (vz—voz).

Therefore, AE =6.0x10° J.

(b) From the above manipulation, we see Wy, = 6.0 x 10° J. Also, from Chapter 2, we know that
At = Av/a =10 s. Thus, using Eq. 7-42,

W 60x10°

> = = =600 W .
£ At 10

(c) and (d) The constant applied force is ma = 30 N and clearly in the direction of motion, so Eq.
7-48 provides the results for instantaneous power

Lo 300 W for v=10 m/s
P=F-v=
900 W for v=30 m/s

We note that the average of these two values agrees with the result in part (b).

121. We want to convert (at least in theory) the water that falls through /# = 500 m into electrical
energy. The problem indicates that in one year, a volume of water equal to A4Az lands in the form
of rain on the country, where 4 = 8 x 10" m* and Az = 0.75 m. Multiplying this volume by the
density p= 1000 kg/m’ leads to

My = PAAZ =(1000)(8x10")(0.75) = 6 x 10" kg

for the mass of rainwater. One-third of this “falls” to the ocean, so it is m = 2 x 10" kg that we
want to use in computing the gravitational potential energy mgh (which will turn into electrical
energy during the year). Since a year is equivalent to 3.2 x 10" s, we obtain
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2x10")(9.8)(500
> :( I 7)( ):3.1><10“W.
¢ 32x10
68000 J
128. Eq. 8-8 leads directly to Ay = =738 m.

(9.4 kg)(9.8 m/s?)



