5./A block of mass m = F
2.50 kg is pushed a dis- E\
tance d = 2.20 m along
a frictionless, horizontal

table by a constant applied \
force of magnitude F = d

16.0 N directed at an angle -

6 = 95.0° below the hori. Figure P7.5
zontal as shown in Figure P7.5. Determine the work
done on the block by (a) the applied force, (b) the

normal force exerted by the table, (c) the gravitational
force, and (d) the net force on the block.

m

2. A shopper in a supermarket pushes a cart with a force of
35.0 N directed at an angle of 25.0° downward from the
horizontal. Find the work done by the shopper on the cart
as he moves down an aisle 50.0 m long.

P7.2 The component of force along the direction of motion is
Feosf=(30.0 N)jcos25.0°=317 N .

The work done by this force is

W = (Fcos#)Ar = (31.7 N)(50.0 m)=| 1.59x10° J |,




4. A raindrop of mass 3.35 X 107° kg falls vertically at con-
stant speed under the influence of gravity and air resis-
tance. Model the drop as a particle. As it falls 100 m, what
is the work done on the raindrop (a) by the gravitational
force and (b) by air resistancer

P7.4 (a) W = mgh =(3.35 107 (9.80)(100) ] = | 3.28x 10~ |

(b) Since R=mg , Wy resictance =| —3-28 210 : ]




15.|A particle is subject to a force F, that varies with posi-

I tion as shown in Figure P7.15. Find the work done by
the force on the particle as it moves (a) from x = 0 to
x = 5.00 m, (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?
F, (N)
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W = [ Fdx F (N)
and W equals the area under the Force-Displacement curve =g
I |
(a) For the region 0=x =500 m, I I
| |
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(b) For the region 5.00 < x <10.0, FIG. P7.13

W = (3.00 N)(5.00 m) =
() For the region 100 =x<15.0,
_(BOON)E00m) =
w - SONSON [7507]

(d) For the region 0 =x=15.0

W=(750+750+15.0)]=| 30.0]




11.|A force F = (61 — QJ) N acts on a particle that under-

I goesadisplacement AT = (31 + j) m. Find (a) the work
done by the force on the particle and (b) the angle
between F and AT.

() W=F-Ar=Fx+Fy=(6.00)(3.00) N-m+(-2.00)(1.00) N-m=[160]

H=c05'1 F-ar =||:||:rs'1 16 =| 36.9%
(b)
FAr

J{{E..uuf +(-200)*)((3.00)* +(1.00)?)



33. A 0.600-kg particle has a speed of 2.00 m/s at point ®
[T and kinetic energy of 7.50 J at point ®. What is (a) its
kinetic energy at @, (b) its speed at ®, and (c) the net
work done on the particle by external forces as it moves

from @ to @7

(1) Ky= %{n.ﬁm kg)(2.00 my/s)” =[120]

2Ky J[E}[?En}
V000

() %mtlﬁ =Kp: vg =\’ =[ 5.00 mys

I

(c) YW=AK=Ky;-K, =12m{:r§—ui)=:r.5u]—1.zﬂj= 630 ]

31. A 3.00-kg object has a velocity (6.00i — 2.00j) m/s.

(@) What is its kinetic energy at this moment? (b) What
is the net work done on the object if its velocity changes
to (8.001 + 4.00j) 111;’5# 1\9!9 From the definition of
the dot product, v* = V+V .)

v, = (6.00i - 200j)= m/s

(a) -.|| ,y = /40,0 m/s

K-zEsz =—{3uu kg)(40.0 m?/s*)=[60.0]

[

(b) v =8.00i +4.00]
vi=v, v, =640+16.0 =800 m’/s®

AK =K -K, =%m{u§-:aﬁ}=ﬁ{3ﬂ 0)-60.0=[600]




31.]A 40.0-kg box initially at rest is pushed 5.00 m along a rough,
horizontal floor with a constant applied horizontal force of
130 N. If the coellicient of friction between box and floor is
0.300, find (a) the work done by the applied force, (b) the
increase in internal energy in the box-floor system due to
friction, (c¢) the work done by the normal force, (d) the work
done by the gravitational force, (e) the change in Kinetic en-
ergy of the box, and () the final speed of the box.

2 F,=ma,: n-392N=0 ___¢n
n=392N W:}ff F= 1301
feo = s =(0.300)(392 N) =118 N o e kg’ -
== %ﬂw—rﬁwﬂ
(a) W = FArcos @ =(130)(5.00)cos 0°=| 650 | g = 392 M
Ar=500m——r+
(b) AE,, = fidx =(118)(5.00) = 588 ]
FIG. P7.31
(c) W, =nArcos @ =(392)(5.00)cos 90° =
(d) W, =mgArcosd=(392)(5.00)cos(-90°) = @
{E} AK = K_f - Kr' = Z w-::-rhl:r - "'j"Einl;
%ma}—n=55uj—5531+u+[}=
2K, [2(6207)
I e A _
@ \’ m J 40.0 kg



A 2.00-kg block is attached to a spring of force constant
500 N/m as in Figure 7.10. The block is pulled 5.00 cm to
the right of equilibrium and released from rest. Find the
speed of the block as it passes through equilibrium if
(a) the horizontal surface is frictionless and (b) the coelh-

cient of riction between block and surface 1s 0.350.

1 1, . 1
@ W=k -k
=émbf—im =]—:m= -0

2
= E[:‘r[][lj{ﬁ.n[]' x107%) -0=0.625]

2kg

I’r—1’ EW 2{061"5 mys =| 0.791 m/s

1 2
b —:mJ - fLAx+W, =—m‘z
® S-S o}

0 - (0.350)(2.00)(9.80)(0.050 0) ] + 0,625 ] = % mv’

0.282]= l(z.::m kgjo

2(0.282)
2.00

mys =| 0,531 mys

-2

H| 5 cm

pr=10

LLEE

+*| 5cm

= 0.350

FIG. P7.32



(c)

(d)

(e}

A crate of mass 10.0 kg is pulled up a rough incline with

an initial speed of 1.50 m/s. The pulling force is 100 N
parallel to the incline, which makes an angle of 20.0° with
the horizontal. The coellicient of kinetic [riction is (0.400,
and the crate is pulled 5.00 m. (a) How much work is done
by the gravitational force on the crater (b) Determine the
increase in internal energy of the crate—incline system due
to friction. (¢) How much work is done by the 100-N force
on the crate? (d) What is the change in kinetic energy of
the crate? (e) What is the speed of the crate after being

pullcd 5.00 m?

W, = mgf cos(90.0°+)
W.x' —{lﬂ.{'.l kg}(?.ﬁﬂ mf.‘-;l}[ﬁ.ﬂﬂ mjcos110°=| —168 |

fo = gt = ppmigcosé
AE;, = if, = fuymygcosd
AEjyy = (5.00 m)(0.400)(10.0)(9.80) cos 20.0°=[ 184 |

W, = Fr =(100)(5.00)=[ 500

AK = Zlﬂ"'ruther AEj, =W + w,-.: AEj, =

FIG. P7.33

2
i

) 2{AK) 2(148) .
\’— =JW*“-=‘“¥‘1 =[5.65 mjs ]

AK ——mv? —— IR
2 4 2




42. A 400-N child is in a swing that is attached to a pair

7 of 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.

(a) We take the zero configuration of system
potential energy with the child at the
lowest point of the arc. When the string F _L'
is held horizontal initially, the initial
position is 2.00 m above the zero level,

Thus, /
Z.00m (200 m) cos 30,07
U, = mgy = (400 N)(2.00 m)=| 800 ] |. y ’
by From the sketch, we see that at an angle ] X - (,_E-HEHH{]—_I;EHU.U“}
of 30,07 the child is at a vertical height of N T = I
(2.00 m)i1 = cos30.0°) above the lowest
point of the arc, Thus, FIG. P8.2

U, = mgy = (400 N)(2.00 m)(1 - cos30.0°) =[ 107 J |.

ic) The zero level has been selected at the lowest point of the arc. Therefore, at this

,_
[—
-

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?




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

T
Uy, =U,, I f
? =
oar n‘!ﬂ-‘
k

(0.250 kg)(9.80 m/s? )i = [ %}(5 000 N/m)(0.100 m)?

e

This gives a maximum height h= - FIG. P&.11

Twn objects are connected by a light string passing over a
light frictionless pulley as shown in Figure P8.13. The ob-
Jject of mass 5.00 kg is released from rest. Using the princi-
ple 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.

ms = 3.00 kg i = 4.00 m




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

(a) (5.00 kg )g(4.00 m)=(3.00 kg)g(4.00 m) +%{5.EIJ +3.00)0*

Mg =

v=4196 :| 4.43 m/s | 5.00 kg

sy = F
(b) Now we apply conservation of energy for the system of the 3.00 kg 3,3{: kgl - a!t.ﬂ[] m
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.

1 FIG. P5.13
EI[?!JJ']}UE =mg Ay = 3.00gAy

Ay =1.00m

Vonar = 400 m+ Ay = m

45.|A force actlng on a parnfle nmvmg in the xy plane is

mgwen by F = (Ev + X _]) where F is in newtons
and x and y are in meters. The particle moves from
the origin to a final position having coordinates x =
5.00 m and y = 5.00 m as shown in Figure P7.43.
Calculate the work done by F on the particle asitmoves
along (a) the purple pith, (b) the red path, and
(c) the blue path. (d) Is F conservative or nonconser-
vativer (e) Explain your answer to part (d).

y (m)

©(5.DD, 5.00)

x (m)




(a)

and since along this path, y=0

For x=5.00m,

and

since along this path, x=0,

since iy =5.00 m,

Since x =y along OC,

5Mm . BDm
Woa = Jexi-(2yi+x?j)= [2ydx
] n
Wi =0
i m . . 500 m
Wac = [duj-(2yi+x7j)= [x*dy
0 1]

w.d.t? =12 .[

5.0 m EM'“,
Wgp = de] l[l’.y1+x ]) Ix‘dy
0
Wap =0
S m 50Xl m

Wie = jd’n {2y1+.1. } Iiydx

Wie =500 ]

Wopc =0+50.0=[5007]
Wor =j(dxi+dyi)-(2yi+xzi]
m

5.00
=J _[ 2x+xz}dx—

]

F is | nonconservative | since the work done is path dependent.

= szdx - xzdy}



