Chapter 5 Forceand Motion — |

05. We denote the two forces F, and F,. According
to Newton's second law, F; + F, = may, so F, = may
—F1. (&) Inunit vector notation F; = (20.0N)i and
a=— (12.0sin30.0°m/s?) i — (12.0c0s30.0°m/sY) j
= —(6.00M/s%) i —(10.4 /) j .

Therefore,

F, = (2.00 kg)(~6.00 m/s?) i +(2.00kg)(~10.4

m/s?) ]—(20.0 N) i = (-32.0 N) i +(-20.8 N) ].
(b) The magnitude of F, is
|y |- | FZ +F2 =y(-320)2 + (-208)2 =38.2(N).

(c) The angle that F, makes with the positive x axis
isfound from

tand = (F,/F2) = (-20.8)/(-32.0) = 0.656 .
Consequently, the angle is either 33.0° or 33.0° +
180° = 213°. Since both the x and y components are
negative, the correct result is 213°. An aternative
answer is 213° — 360° = —-147°.
06. We note that ma = (—16 N)i + (12 N)j. With the
other forces as specified in the problem, then
Newton’s second law gives the third force as

Fs = ma —F,—F,=(-34N)i + (-12 N)].

11. (a) From the fact that T; = 9.8N, we conclude
the mass of disk D is 1.0kg. Both this and that of
disk C cause the tension T, = 49N, which alows us
to conclude that disk C has a mass of 4.0kg. The
weights of these two disks plus that of disk B deter-
mine the tension T; = 58.8N, which leads to the
conclusion that mg = 1.0kg. The weights of al the
disks must add to the 98N force described in the
problem; therefore, disk A has a mass 4.0kg. (b)
mg = 1.0kg, as found in part (a). (¢) mc = 4.0kg, as
found in part (a). (d) mp = 1.0kg, as found in part
(a).

18. Some assumptions (not so much for realism but
rather in the interest of using the given information
efficiently) are needed in this calculation: we assume
the fishing line and the path of the salmon are hori-
zontal. Thus, the weight of the fish contributes only
(via Eq. 5-12) to information about its mass (m =
W/g = 8.7 kg). Our +x axisisin the direction of the
salmon’s velocity (away from the fisherman), so
that its acceleration (‘‘deceleration”) is negative-

valued and the force of tension is in the —x direction:

T =-Ti. We use Eg. 2-16 and S| units (noting that v
=0).
V2 — V2 = 2aAX = a = —Vg/(2AX)
= -2.8%/(2x0.11) = -36 (M/S)).
Assuming there are no significant horizontal forces
other than the tension, Eq. 5-1 leads to

T=md = Ti=(8.7kg)(-36mMs)i,
whichresultsin T =3.1x10° N,
19. (@) The acceleration isa = F/m= 20N/ 900kg =
0.022m/<’. (b) The distance traveled in 1 day (=
86400 9) is s = (Yo)at? = (¥2)(0.022m/s%)(86400s)? =
8.3x10"m. (c) The speed it will be traveling is given by
v = at = (0.022 m/s?)(86400 s) = 1.9x 10° m/s,
20. The stopping force F and the path of the passen-
ger are horizontal. Our +x axisis in the direction of
the passenger’s motion, so that the passenger’s
acceleration (‘“ deceleration”) is negative-valued and
the stopping force is in the —x direction: F = —Fi.
We use Eq. 2-16 and Sl units (noting that vo =
53(1000/3600) = 14.7 m/sand v = 0).
VPP =2aAX = a=-V/(2AX) =
~14.7%/(2x0.65) = 167 (M/S)).
Assuming there are no significant horizontal forces
other than the stopping force, Eq. 5-1 leads to
F=md = Fi=(41kg)(-167m/s)i,
which resultsin F = 6.8x10° N.
24. We resolve this horizontal force into appropriate

components. (a) Newton's Fr= Feos®
second law applied to the x
axis produces 7

Fcosf— mgsind=ma. F, = Fsin
For a = O, this yields F = 6=30
566N. (b) Applying Newton’'s second law to the y
axis (where there is no acceleration), we have

Fn— F sind—mg cosé =0,

which yields the normal force Fy = 1.13x10° N.

31. The solutions to parts (&) and (b) have been
combined here. The free-body diagram is shown be-
low, with the tension of the string T, the force of
gravity mg, and the force of the air F. Our coordi-
nate system is shown. Since the sphere is motion-
less the net force on it is zero, and the x and the y
components of the egs are:

Tsnd-F=0

and Tcosf—mg =0,
where 6= 37°. We answer the
guestionsin the reverse order.
Solving Tcosé—mg = 0 for the
tension, we obtain

T = mg/cosé = (3.0x107%)(9.8)/

c0s37° = 3.7x107° (N).

Solving T sind—F = 0 for the force of the air:

F=Tsing=(3.7x107)sin37° = 2.2x10° (N).
39. (@) The links are numbered from bottom to top.

The forces on the bottom link are the force of gravi-
ty mg, downward, and the force Foony Of link 2, up-
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ward. Take the positive direction to be upward.
Then Newton's second law for this link is Foon — mg
=ma. Thus, Foorr =m(a+q)

= (0.100kg)(2.50m/s*+9.80m/s?) = 1.23 N.
(b) The forces on the second link are the force of
gravity mg, downward, the force Fiony Of link 1,
downward, and the force Fsonp Of link 3, upward.
According to Newton’s third law F 14> has the same
magnitude as Fyn;. Newton's second law for the
second link is Fzon2 — F1on2 — Mg = mMa, SO

Faonz = m(a + g) + Fion2 = (0100 kg)

(2.50 m/s” + 9.80 m/s?) + 1.23 N = 2.46 N.

(c) Newton’s second law for link 3 is Fon3 — Faons —
mg = ma, SO
F40n3 = m(a + g) + onng = (0100 N)

(2.50 m/s? + 9.80 m/s’) + 2.46 N = 3.69 N,
where Newton's third law implies Fagz = Fsone (SinCe
these are magnitudes of the force vectors).

(d) Newton's second law for link 4 is Fsong — Faong —
mg = ma, SO
Fsona = m(@ + g) + F3ons = (0.100 kg)

(2.50 m/s” + 9.80 m/s?) + 3.69 N = 4.92 N,
where Newton's third law implies  Fzona = Faonz.  (€)
Newton’s second law for thetop link is F — Fs — Mg
=ma, SO

F = m(a+ g) + Faons = (0.100 kg)(2.50 m/s?

+9.80 m/s?) + 492N =6.15N,
where Fons = Fsons by Newton's third law. (f) Each
link has the same mass and the same acceleration,
S0 the same net force acts on each of them:
Fre = ma = (0.100 kg)(2.50 m/s’) = 0.250 N.

41. The force diagram (not to scale) for the block is
shown below. Fy is the normal force exerted by the
floor and mg is the force of gravity. (a) The x com-
ponent of Newton's second law is Fcosfd = ma,
where m is the mass of the block and a is the x
component of its acceleration. We obtain

a = Fcos#/m = (12.0)c0s25.0°/5.00 = 2.18 (m/S)).
This is its acceleration provided it remains in contact
with the floor. Assuming it does, we v F
find the value of Fy (and if Fy is |
positive, then the assumption is true
but if Fy is negative then the block
leaves the floor). The y component of
Newton’s second law becomes

Fn+ Fsind—mg =0,
so Fy=mg-F sind=(5.00)(9.80)

—(12.0)sin25.0° = 43.9 (N).

Hence the block remains on the floor and its accele-
ration is a = 2.18m/s*.  (b) If F is the minimum
force for which the block leaves the floor, then Fy =
0 and the y component of the acceleration vanishes.
They component of the second law becomes

Fsng-mg=0 =
F = mg/sin = (5.00)(9.80)/sin25.0° = 116 (N).
(c) The accelerationis till inthe x direction and is
till given by the equation developed in part (a):

a = Fcosf/m = (116)c0s25.0°/5.00 = 21.0 (m/s?).
43. The free-body diagrams for part (a) are shown
below. F is the applied force and f is the force
exerted by block 1 on block 2. We note that F is
applied directly to block 1 and that block 2 exerts
the force —f on block 1 E £,
(taking Newton's third
law into account). (a) <
Newton's second law for 7
block 1is F—-f=ma, N
where a is the accelera- e
tion. The second law for block 2 isf = mya. Since the
blocks move together they have the same accelera-
tion and the same symbol is used in both egs. From
the second eg. we obtain the expression a = f/m,
which we substitute into the first eq. toget F—f=
myf/my,. Therefore,

f= Fmy/(mp+my) = (3.2)(1.2)/(2.3+1.2) = 1.1 (N).
(b) If F isapplied to block 2 instead of block 1 (and

in the opposite direction), the force of contact
between the blocksis

f = Fmy/(mp+my) = (3.2)(2.3)/(2.3+1.2) = 2.1 (N).
(c) We note that the acceleration of the blocksis the
same in the two cases. In part (a), the force f is the
only horizontal force on the block of massm, and in
part (b) f is the only horizontal force on the block
with my > m,. Since f = mpa in part (a) and f = mya
in part (b), then for the accelerations to be the same,
f must be larger in part (b).
47. The free-body diagrams for my and m, are
shown in the figures below. The only forces on the
blocks are the upward tension T and the downward
gravitational forces F; = myg and F, = mxg. Apply-
ing Newton's second law, we obtain:

T-mg=ma and m,g-T=m,a,

which can be solved to yield oo
m, — T T
a= (22" Th)g
m; +my . .
Substituting the result back, we Ta " e l"
have F,
2m;m F
T= (S0 g, —
m, +m

(&) With m; = 1.3 kg and m, = 2.8 kg, the accelera-
tion becomes
28-13
a=
28+13
(b) Similarly, the tension in the cord is

_2(1.3)(2.9) _
T= 5 9s (9.8) = 17 (N).

(9.8) = 3.6 (M/s)
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49. We take +y to be up for both the monkey and
the package. (a) The force the monkey pulls down-
ward on the rope has magnitude F. According to
Newton’s third law, the rope pulls upward on the
monkey with a force of the same magnitude, so
Newton’s second law for forces acting on the monkey
leads to F-m.,g=ma,

where my, is the mass of the monkey and a, is its
acceleration. Since the ropeismassless F = T isthe
tension in the rope. The rope pulls upward on the
package with a force of magnitude F, so Newton's
second law for the packageis

F+Fy—mg=ma,,

where m, is the mass of the package, aj is its acce-
leration, and Fy is the normal force exerted by the
ground on it. Now, if F is the minimum force
required to lift the package, then Fy = 0 and a, = 0.
According to the second law eq. for the package, this
means F = m,g. Substituting myg for F in the eq. for
the monkey, we solve for an,:

F-myg _(M=Mn) , _15-10 (9 80)= 4.9 (m/s)

My my 10
(b) As discussed, Newton's second law leads to
F-m,g = mya, for the package and F-m,g = mMyanm
for the monkey. If the acceleration of the packageis
downward, then the acceleration of the monkey is
upward, so a, = —a,. Solving the first eq. for F
F=my(g+ay) = my(g—an

and substituting this result into the second eq., we
solve for an,;

8 =T ") g =15-10 (9 g0) = 2.0 (V).

mg + My, 15+10

(c) The result is positive, indicating that the accele-
ration of the monkey is upward. (d) Solving the
second law equation for the package, we abtain

F =m, (g—am) = (15)(9.80-2.0) = 120 (N).
51. The free-body diagram for each block is shown
below. T isthe tension in the cord and = 30° isthe
angle of theincline. For block 1, Fy =
we take the +x direction to be
up the incline and the +y direc-
tion to be in the direction of the
norma force Fy that the plane |
exerts on the block. For block 2, "¢
we take the +y direction to be
down. In this way, the accelerations of the two
blocks can be represented by the same symbal a,
without ambiguity. Applying Newton’s second law to
the x and y axes for block 1 and to the y axis of
block 2, we obtain

T-mgsind=ma, Fy—mgcosd=0,
and mg—T=ma,
respectively. The first and third of these equations

a

m=

provide a simultaneous set for obtaining values of a
and T. The second eg. is not needed in this problem,
since the normal force is neither asked for nor is it
needed as part of some further computation (such as
can occur in formulas for friction).
(a) We add the first and third egs. above:
myg — Mg Sind = ma + mea.
Consequently, we find
a.Mm-msng 2.30-3.70sin30.0° (9.80)
m +m, 3.70+2.30
=0.735 (M/S)).

(b) The result for a is positive, indicating that the
acceleration of block 1 is indeed up the incline and
that the acceleration of block 2 is vertically down.
(c) Thetensionin the cord is

T =my(a+gsing) = (3.70)(0.735+9.80xsin30.0°)

=20.8 (N).
53. The forces on the balloon are the force of gravi-
ty mg (down) and the force of the air F, (up). We
take the +y to be up, and use a to mean the mag-
nitude of the acceleration (which is not its usual use
in this chapter). When the mass is M (before the
ballast is thrown out) the acceleration is downward
and Newton’s second law is F, — Mg = M(-a).
After the ballast is thrown out, the massis M — m
(where mis the mass of the ballast) and the accele-
ration is upward. Newton’s second law leadsto  F, —
(M-m)g = (M—m)a. The previous eq. gives F, =
M(g—a), and this plugs into the new eq. to give
M(g-a) - (M-m)g= (M-mja = m=2Ma
g+a

67. The +x axis is “uphill” for m;=3.0kg and
“downhill” for m,= 2.0 kg (so they both accelerate
with the same sign). The x components of the two
masses along the x axis are given by wy, = mygsinég,
and Wy, = mpgsiné, respectively. Applying Newton’s
second law, we obtain

T—-mgsnéi=ma and mgsinéd—T=ma.
Adding the two egs. allows us

to solve for the acceleration: m_~ 1,
L snéd, -m,sing,

m, +m,
T mm,(siné, +sinég,) g.

m +m,

With 6, = 30° and &, = 60°,
we have a = 0.45 m/s”. This
value is plugged back into
either of the two egs to yield
thetenson T=16N.

Ex.3-1, Pb. 5-45.
( jyang@mail.ntou.edu.tw, Thanks.)
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then v = constant.
)
( )
" F=dP/dt
" F=ma (
) “
IE21
F12
(b) 13
. (
)
. =
m g
. w
m
. Fn
. f

Fg=mg,

W=mg

ol.

3.

5.
ZiFix = maix, ZiFiy = mayy, ZiFi; = ma;; 6.
( ) o7,
— (a)
(b)
(c)

, body,
; massless,
; principle of super-

Newtonian mechanics,

; dimension, ; Mass,
force, ; net/resultant force, /
position, ; gravitational force, ; weight,

; normal force, ; tension, ; frictional force,

; frictionless, ; inertial reference frame,
; free-body diagram, ; bosun =
, cantaloupe, ; nose-down, ;
puck, ; pulley, ; quarterback, , Sda
mi, ; sag, ; sap, ; scale, [/ ; sunjam,
; sun jacht, , taut, ; tug-of-war,
; takeoff illusion, ; vestibular,( ) )
@ *

; system,

boatswain,

" (Newton said: “If | have been
able to see a little farther than other men, it is because |
have stood on the shoulders of giants.”) (b) “
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