4.5.

4.10.

4.14.

IDENTIFY: Vector addition.
SETUP: Use a coordinate system where the +x-axis is in the direction of F .» the force applied by dog A. The

forces are sketched in Figure 4.5.
EXECUTE:

v

F,,=+270N, F, =0
F, = F,c0s60.0°= (300 N)cos60.0°=+150 N
Fy, = Fgsin60.0° = (300 N)sin 60.0° = +260 N

Figure 4.5a
R=F, +F,
R =F, +F, =+270 N+150 N =+420 N
R =F, +

R=\R+R

R =1/(420 N)* + (260 N)* =494 N

R,
tand =—=0.619
X Rx
x 0=31.8°
Figure 4.5b

EVALUATE: The forces must be added as vectors. The magnitude of the resultant force is less than the sum of the
magnitudes of the two forces and depends on the angle between the two forces.

IDENTIFY: Use the information about the motion to find the acceleration and then use ZFX =ma, to

calculate m.
SETUP: Let +x be the direction of the force. ZE =80.0N.

EXECUTE: (a) x—x,=11.0m, 1=5.00s, v, =0. x—x,=v, t+3a 1’ gives

L 22— _201.0m) ol o m:zF*: 80.0N
* s (5.008)> ' a 0.880 m/s*

x

(b) a, =0and v, is constant. After the first 5.0s, v =v, +at=(0.880 m/s*)(5.00 s) =4.40 m/s .
X=X, =V I +1a 1’ =(4.40 m/s)(5.00 s) =22.0 m .

EVALUATE: The mass determines the amount of acceleration produced by a given force. The block moves farther
in the second 5.00 s than in the first 5.00 s.

=90.9 kg .

. dv .
IDENTIFY: The force and acceleration are related by Newton’s second law. a, = d‘ , s0 a,_ is the slope of the
t

graph of v_versus 7.

SETUP: The graph of v, versus # consists of straight-line segments. For t=0to +=2.00 s, a_=4.00 m/s. For
t=2.00st06.00s, a,=0.For t=6.00sto 10.0s, a,=1.00 m/s? .

ZFX =ma, ,with m=2.75kg . ZFX is the net force.

EXECUTE: (a) The maximum net force occurs when the acceleration has its maximum value.
ZFX =ma,_=(2.75 kg)(4.00 m/s*)=11.0 N . This maximum occurs in the interval r=0to t=2.00s.

(b) The net force is zero when the acceleration is zero. This is between 2.00 s and 6.00 s.
(c) Between 6.00 s and 10.0 s, a, =1.00 m/s?, so ZR =(2.75 kg)(1.00 m/s’)=2.75N .
EVALUATE: The net force is largest when the velocity is changing most rapidly.



4.15.

4.16.

4.19.

4.40.

4.41.

IDENTIFY: The net force and the acceleration are related by Newton’s second law. When the rocket is near the
surface of the earth the forces on it are the upward force F exerted on it because of the burning fuel and the
downward force F,__ of gravity. F,_ =mg .

grav grav

SETUP: Let +y be upward. The weight of the rocket is F,,, = (8.00 kg)(9.80 m/s’) =784 N.

EXECUTE: (a) At =0, F=A=1000N.At r=2.00s, F=A+(4.00 s*)B=150.0 N and
_150.0 N~-100.0 N
- 4.00 s>

(b) i) At t=0, F=A=100.0 N. The net force is ZFy =F-F,_ =1000N-784N=21.6N.

grav
_2F _216N

" m 8.00kg

=12.5 N/s”.

=270 m/s”. (i) At t=3.00s, F=A+B(3.00s)*=2125N.

_DF, 1341N
m 8.00 kg
=0and ) F,=F=2125N. a, S22ON 966 s,
i ¥ 8.00kg
EVALUATE: The acceleration increases as F' increases.

=16.8 m/s*.

> F =2125N-784N=1341N. a,

(¢) Now F,

grav

IDENTIFY: Use constant acceleration equations to calculate a_and ¢. Then use Zﬁ = md to calculate the

net force.
SET UP: Let +x be in the direction of motion of the electron.

EXECUTE: (a) v,, =0, (x—x,)=1.80x107 m, v, =3.00x10° m/s . v’ =v, +2a (x—x,) gives
_vi-ve (3.00x10° m/s)* -0

a, = —~ =2.50x10" m/s’
2(x—x,)  2(1.80x107 m)

-V

~3.00x10° m/s—0
2.50x10" m/s’
(©) D F,=ma,=(9.11x10"" kg)(2.50x10" m/s*) =2.28x10™"° N .

EVALUATE: The acceleration is in the direction of motion since the speed is increasing, and the net force is in the
direction of the acceleration.

0x

=1.2x10"s

. V.
(b) v. =v, +at gives t=—=
x 0x x g

IDENTIFY and SET UP: w=mg. The mass of the watermelon is constant, independent of its location. Its weight

differs on earth and Jupiter’s moon. Use the information about the watermelon’s weight on earth to calculate its
mass:

EXECUTE: w=mg gives that m= w_ 440N =449 kg.

¢ 9.80 m/s’
On Jupiter’s moon, m=4.49 kg, the same as on earth. Thus the weight on Jupiter’s moon is

w=mg = (4.49 kg)(1.81 m/s>) =8.13 N.

EVALUATE: The weight of the watermelon is less on lo, since g is smaller there.

IDENTIFY: Use constant acceleration equations to calculate the acceleration a,_that would be required. Then use

ZFX =ma, to find the necessary force.

SET UP: Let +x be the direction of the initial motion of the auto.
2

. : Vo, L :
EXECUTE: v =v, +2a (x—x,) with v. =0 gives a = —ﬁ . The force F is directed opposite to the
x— X,

motion and a, =—— . Equating these two expressions for a_gives
m

2 2
m—"o (850 kg) (12.5m/23)
2(x—x,) 2(1.8x107 m)

EVALUATE: A very large force is required to stop such a massive object in such a short distance.

=3.7x10° N.

IDENTIFY: Apply Newton’s second law to calculate a.
(a) SETUP: The free-body diagram for the bucket is sketched in Figure 4.41.



T (the tension
in the cord)
a f The net force on the bucket
is T —mg, upward.
X
w = mg
Figure 4.41

(b) EXECUTE: ) F, =ma, gives T —mg=ma
_T—mg _750N-(480ke)9.80m/s’) _75.0 N-47.04 N
m 4.80 kg 4.80 kg

EVALUATE: The weight of the bucket is 47.0 N. The upward force exerted by the cord is larger than this, so the
bucket accelerates upward.

=5.82 m/s*.

4.44. IDENTIFY: Apply Newton's second and third laws.

SET UP: Action-reaction forces act between a pair of objects. In the second law all the forces act on the same

object.

EXECUTE: (a) The force the astronaut exerts on the cable and the force that the cable exerts on the astronaut are

an action-reaction pair, so the cable exerts a force of 80.0 N on the astronaut.

(b) The cable is under tension.

F 800N

(© a=—=—"""
m 105.0 kg
(d) There is no net force on the massless cable, so the force that the shuttle exerts on the cable must be 80.0 N (this
is not an action-reaction pair). Thus, the force that the cable exerts on the shuttle must be 80.0 N.

F 80.0 N
(e) a=—= —4
m  9.05x10" kg
EVALUATE: Since the cable is massless the net force on it is zero and the tension is the same at each end.

=0.762 m/s*.

=8.84%107"* m/s>.

4.54. IDENTIFY: Note that in this problem the mass of the rope is given, and that it is not negligible compared to the
other masses. Apply ZF‘ =ma to each object to relate the forces to the acceleration.

(a) SET UP: The free-body diagrams for each block and for the rope are given in Figure 4.54a.
6.00 kg block rope 5.00 kg block
y y
y

F = 200N Tl T
(applied force) (6.00 kg block)

T

(bottom of rope)

X . X =
[ —— me| L8 lg
mg (eart 5.00 kg block arth
(top of rope) & (earth) GV D) (Cay

Figure 4.54a

T. is the tension at the top of the rope and T is the tension at the bottom of the rope.

EXECUTE: (b) Treat the rope and the two blocks together as a single object, with mass
m=6.00 kg +4.00 kg +5.00 kg =15.0 kg. Take +y upward, since the acceleration is upward. The free-body

diagram is given in Figure 4.54b.



y z Fv = ma),

T a F—mg=ma
F
a= F—mg
24 m
_ 2
l g 200 N —(15.0 kg)(9.80 m/s”) ~3.53 m/s>
mg 15.0 kg
Figure 4.54b

(c) Consider the forces on the top block (m =6.00 kg), since the tension at the top of the rope (7;) will be one of

these forces.

T.=F-m(g+a)
T =200 N - (6.00 kg)(9.80 m/s* +3.53 m/s*) =120 N

Figure 4.54c

Alternatively, can consider the forces on the combined object rope plus bottom block (rm =9.00 kg):

.
T a ZF‘ = ma,\‘
I T, —mg =ma
l 2 T =m(g +a)=9.00 kg(9.80 m/s* +3.53 m/s*) =120 N,

which checks
mg
Figure 4.54d
(d) One way to do this is to consider the forces on the top half of the rope (m =2.00 kg). Let T, be the tension at

the midpoint of the rope.

y
}a
T ZR =ma,
B T.-T —mg=ma
. l T, =T —m(g+a)=120 N-2.00 kg(9.80 m/s* +3.53 m/s*) =93.3 N
m| = mg

Figure 4.54e

To check this answer we can alternatively consider the forces on the bottom half of the rope plus the lower block
taken together as a combined object (m=2.00 kg +5.00 kg =7.00 kg):

y
T a ZFy = ma",
In T,—mg=ma
l & T, =m(g+a)=7.00 kg(9.80 m/s* +3.53 m/s’) =93.3 N,

which checks
mg

Figure 4.54f

EVALUATE: The tension in the rope is not constant but increases from the bottom of the rope to the top. The
tension at the top of the rope must accelerate the rope as well the 5.00-kg block. The tension at the top of the rope
is less than F; there must be a net upward force on the 6.00-kg block.

4.55. IDENTIFY: Apply Zi‘ = ma to the barbell and to the athlete. Use the motion of the barbell to calculate its

acceleration.
SETUP: Let +y be upward.

EXECUTE: (a) The free-body diagrams for the baseball and for the athlete are sketched in Figure 4.55.



(b) The athlete’s weight is mg = (90.0 kg)(9.80 m/ s?) =882 N . The upward acceleration of the barbell is found
_2(y=1y,) _2(0.600 m)
r (1.6 5)°
by Fi, = Woapen = ma,, . The barbell’s mass is (490 N)/(9.80 m/s*) =50.0 kg, so
= Wy e + 1@ =490 N +(50.0 kg)(0.469 m/s*) =490 N+23 N =513 N .
The athlete is not accelerating, s0 Fjy ., — Fiy = Wanee =0+ Fiioor = Frie T Wantere =213 N+882 N =1395 N .

EVALUATE: Since the athlete pushes upward on the barbell with a force greater than its weight the barbell pushes
down on him and the normal force on the athlete is greater than the total weight, 1362 N, of the athlete plus
barbell.

=0.469 m/s* . The force needed to lift the barbell is given

- 1, 42
from y—y,=v,t+3a," . a,

K

lift

Barbell Athlete
Fiig Figor
Fiigq
Wharbell
Wathlete

Figure 4.55



