Chapter 5

S F=ma
F,=mg
f = pon
Je = myn

3. A toy rocket engine is securely fastened to a large puck that can glide with negligible
friction over a horizontal surface, taken as the xy plane. The 4.00-kg puck has a velocity of
3.00i m/s at one instant. Eight seconds later, its velocity is (8.00i + 10.0j) m/s. Assuming
the rocket engine exerts a constant horizontal force, i nd (a) the components of the force
and (b) its magnitude.

Solution

Av  (8.00i +10.0j)m/s - 3.00i m/s
T At 800s

In ZF = na, the only horizontal force is the thrust F of the rocket:

=l

= 0.625i m/s? + 1.25:i m /s?

(@ F=(4.00kg)(0.625} m/s? + 1.25j m/s?) = 2.50i N + 5.00j N

(b) Its magnitude is |F| = J[Z.SDN}E +(5.00N)? =559N

8. A woman weighs 120 lb. Determine (a) her weight in new-
tons (N) and (b) her mass in kilograms (kg).

(@) [ =mg=1201b= (4448 N/b)(120 Ib)=| 534 N

F 534
o) m—-f—_AN - =|545 kg
g 980 1117/5
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1. A 3.00-kg object undergoes an acceleration given by @ = (2.00i + 5.00j) m/s?. Find

(a) the resultant force acting on the object and (b) the magnitude of the resultant force.
Solution

Analyze: (a) The total vector force is

> F = ma = (3.00 kg) (2.00i + 5.00j) m/s?= (6.00i + 15.0j)N

(b) Its magnitude is [F|=( £) + (F, )2 =/(6.00 N+ (150 N)* =162 N

7.  Anelectron of mass 9.11 x 107! kg has an initial speed of 3.00 x 10° m/s. It travels in
a straight line, and its speed increases to 7.00 % 10° m/s in a distance of 5.00 cm. Assuming
its acceleration is constant, (a) determine the magnitude of the force exerted on the electron
and (b) compare this force with the weight of the electron, which we ignored.

Solution
(@) From v}=v}+2ax and XF=ma
2 2
. Uf vJ’
we can solve for the acceleration and then the force: a= >
X
2 2
m(v v )
Substituting to eliminate &, zF = fz f
'

Substituting the given information,

(911 x10°™ l{g)[(?.{]{] %10° m/s) - (3,00 x 10° mfs)z}
2F= 2(00500 m)
Y F=364x10" N

(b) The Earth exerts on the electron the force called weight,
F = mg=(9.11 x 10 kg)(9.80 m/s7) =8.93 x 10 N

The ratio of the electrical force to the weight is Fx’ng 4.08 x 101
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2. The average speed of a nitrogen molecule in air is about
6.70 X 10% m/s, and its mass is 4.68 X 1072° kg. (a) If it
takes 3.00 X 107 s for a nitrogen molecule to hit a wall
and rebound with the same speed but moving in the oppo-
site direction, what is the average acceleration of the mole-
cule during this time interval? (b) What average force does
the molecule exert on the wall?

Solution

(a) Let the x-axis be in the original direction of the molecule’s motion.

vp=v;+ali —670 m/s=670 111/5+a(3.00 x 1071 s)

a=| —4.47x10" m/s2

(b) For the molecule, ZF =ma. [ts weight is negligible.

F

wall on molecule

=468 x10™ kg(-4.47x 10" m/s*)=-2.09x107"° N

F

molecule on wall —

12.09x107° N

12. A force F applied to an object of mass m; produces
an acceleration of 3.00 m/s?. The same force applied to
a second object of mass #m,; produces an acceleration of
1.00 m/s2. (a) What is the value of the ratio m; /ms? (b) If my
and m, are combined into one object, find its acceleration
under the action of the force F.

Solution

For the same force F, acting on different masses

and
(a) My _ 22 1
"y aq 3
(b) F=(m; +my)a=4mya=m;(3.00 m/s?)

a=1|0.750 111/52
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22. A 3.00-kg object is moving in a plane, with its xand y coor-
dinates given by x = 5¢2 — 1 and y = 3¢ + 2, where xand y
are in meters and {is in seconds. Find the magnitude of the
net force acting on this objectat £ = 2.00 s.

Solution

o, = 10t v, =Y g2
At Yoo dt
- do

o —%Px 0, a, =—2L —18t
dt dt

Att=2.00s, a, =10.0 111/52 , a, =36.0 m/s>

SO F, =ma,: 3.00 kg(10.0 m/s?)=30.0 N
S F, =ma,: 3.00 kg(36.0 m/s”)=108 N

S F= F2+F’ =[112N

39. A 25.0-kg block is initially at rest on a horizontal surface.
A horizontal force of 75.0 N is required to set the block in
motion, after which a horizontal force of 60.0 N is required
to keep the block moving with constant speed. Find (a) the
coefficient of static friction and (b) the coefficient of
kinetic friction between the block and the surface.

For equilibrium: f=F and n=F,. Also, f =un ie.,

F
uf_F
n F, t
& n
Mo =— 700 N =1 0.306 F
23.0{9.80) N f -
-
\\Z\\}b-?bL\\\}b-?\‘i*l\t{l‘.\\k\\\\}h\\k‘\‘-?\\bh\b&
and
FS
60.0 N
My = —— = 0.245
20.0(9.80) N
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44. A woman at an airport is towing
her 20.0-kg suitcase at constant
speed by pulling on a strap at an
angle 8 above the horizontal (Fig.
P5.44). She pulls on the strap with
a 35.0-N force, and the friction
force on the suitcase is 20.0 N. —

(a) Draw a free-body diagram of
the suitcase. (b) What angle does Figure P5.44

m =200kg, F=35.0N

suitcase

D> F,=ma,: —200N+Fcosf=0
ZFy:may: +n+Fsin@—F, =0

(a) Fcos8=20.0N
200 N

B

cos@= =0.571 =
N
6 ="55.2° f=20N
o
(b) n=F, —Fsin6 =[196—35.0(0.821)| N
n=167 N
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Two blocks connected by a T | 5
.. ’ m] I 1?!2 #F

rope of negligible mass are = ™! [
being dragged by a horizon-
tal force (Fig. P5.47). Suppose Figure P5.47
F= 680N, m = 12.0 kg,
m, = 18.0 kg, and the coef-
ficient of kinetic friction between each block and the sur-
face is 0.100. (a) Draw a free-body diagram for each block.
Determine (b) the acceleration of the system and (c) the
tension T'in the rope.

(a) See Figure to the right T

my 1y » |
(b) 68.0—T — umyg=mya (Block #2) .
T —um;g=mya (Block #1) " T”z
tg N [ ny ':F
. < <
Adding, fi = Hny l fo= tgny 1
68.0—;1(1?11 +m2)g:(m1 +m2)a m g =118 N myg =176 N
a= &—ﬁg: 1.29 111/52
(my +m,)

T=mia+umg=|272N

9. It a man weighs 900 N on the Earth, what would he weigh

on Jupiter, where the acceleration due to gravity is
95.9 m/s2?

900 N
9.80 111/ 52

F,=mg=900 N, m= —91.8 kg

(F

g)mn]upiter =918 kg(ZEQ H]”/SZ): 2.38 kN
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