Name: Class: Date:

Sample Problem Set | Solutions

Forces and the Laws of Motion

ADDITIONAL PRACTICE E

Givens Solutions
1. Fippliet = 130N Fouer = ity = Foppiioa = Fy
ey = L0 mfs” Fi = pgFy = pigreg
fiy = 0,158

M gy + lul g = j'|||'l|'-|||'|]

=081 m/s® /
i 1 mis il + plge) = I'.q-n'-m’

F".J.r._lmg _ 130 N

m= ¥ ¥
T 100 m/s™ + (0,158 }(9.8]1 m/s")
130N 1300 M
me= ; - = -
100 mufs™ 4+ 1L.55 mfs™ 255 m/s”
2. Foy=-200% 10" N Fruge = il = nrglsin 8) — F
#= 10.0% Fy= iy Fyy = gy fcos 8)
= 0.797 m|gisin &) — uyglcos 8| = F,;
1 ] A4 g
g=9.81 m/s® o Frer _ =200 107 N
glsin 8= piglcos #1]  (9.81 m/s”)|(sin 10.0°) = (0.797{cos 10.07)]
~2.00% 10* N ~200x 10" N
ms= = ]
{981 tllu"'i'lllfﬂ.‘ls_'-ln = 0,785) (981 mfs™)(—0L611)
m=|334%10% kg
F, = mylcos @) = (3.34 % 10" kg)(2.81 m/s™)(cos 10.0°) = |3.23 2 10" N
3. F =69 x 10° N Frogy = mriiy = mglsin @) = Fy
B=45.0" Fi = pieFy, = piprmgicos &)
= 0.597 m|gisin &) = wyeicos 8)) = F
. Foer s 699 x 10° N
glsin 8—lcos A1) (9.81 m/s" )| (sin 45.0°) — (0.597)(cos 45.0°) |
6.99% 10" N 6,99 10" N
o S - S
{951 m,r.,,3|[”.;m - [0.422) (9.81 m/s")(0L.285)
mi=|2.50 = I‘:I'1 Lg
Foy=mglcos &= (2.50 % iy kg)(9.8] 111.":.':5-:;11-5. 4508 =173 10" N
a4, m=950kg Froci = iy = .F-_,m.,.,n.] = Fy = mg(sin &)
#=30.0"° Fi = pii.Fy, = piprmgi cos )
Foppliet = 800 N ppmmigloos 8) = Fpoo — My — mglsin 8
Ay = 164 "!"rf': F,.._|-|'-.'|.-.J = ]ty + g (5in )|
. Hi = P
g=%61 m/s" mg{cos &)
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Givens

5. m=169%10° kg
Foppied = 7.6 % 10° N

Solutions

800 N —(9.50 kgl 1.64 m/s” + (9.81 mis")(sin 30.0°)]

# (9.50 kg)(9.81 mis"}cos 30.0°)
B0.0 N = (9.50 kg)[ 1.64 m/s” + 4.90 mfs?)  80.0 N - (9,50 kg)(6,54 m/s”)
o =
(9.50 kg .81 rnfszil{ms 30.07) (9.50 kgl(9.81 :11!:::!{1.':“ LT
BOOMN-=6ZIN 179N
Hi

T (950 kg) (9.81 misT)icos 30.0°) (950 kg)(9.81 mis’)(cos 30.0°)

w=[o22]

Fon mmg, .= .FU.H-.h,“f - Fy,
Fi = Fppliod = iy = 7.6 % 107N = (189 10°)(0.11 m/s®) = 7.6 x 10° N- 2.1 x 10' N

= 0,11 ms” Ft=
6. =380° Erer = mia gy = mglsin @) - Fy
= 0,100 Fy = i, = ppmgicos &)
g=981 m/s’ ma, = mgisin 8- uylcos &)
ey = glsin @— p{cos A] = (961 mF:lHisi:i 38070 = (0.100)( cos 38.07))
By = (981 m/s?){0.616 - 7.88 x 107°) = (9.81 m/s*)(0.537)
Acceleration is independent of the rider’s and sled's masses. (Masses cancel.)
Te At=6.6035 Frer = Mtit g = migti{sin &) — Fi
= 34.0° Fy = gy F, = pymgicos &)
M =0.198 Mgy = mig|sin &— t{cos 6]
g=9.8] m/s By = glsin 8= plcos 8] = (.81 J'n.l'ie]l (sim 34.0°) = (0,198 )(cos 34.0%)]
v;=0mis ey = (9.81 m/s7)(0.559 - 0.164) = (9.81 m/s")(0.395)
¥ = ¥+t = 0 mifs + (.87 m/s }{6.60 5)
vy = 255 m/s* = 92.0 km/h |
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Forces and the Laws of Motion

Problem E

OVERCOMING FRICTION
PROBLEM

In 1988, a very large telephone constructed by a Dutch telecommunications company
was demonstrated in the Netherlands. Suppose this telephone is towed a short
distance by a horizontal force equal to 8670 N, so that the telephone’s net
acceleration is 1.30 m/s”. Given that the coefficient of kinetic friction between the
phone and the ground is 0.120, calculate the mass of the telephone.

SOLUTION

1. DEFINE

Given: Foppiica = 8670 N
Qe = 1.30 m/s’
w=0.120
2=9.81 m/s*

Unknown: m="7

2. PLAN Choose the equation(s) or situation: Apply Newton’s second law to
describe the forces acting on the telephone.

Fre=ma,, = Fapplied - Fy
The frictional force, F, depends on the normal force, F,, exerted on the telephone.
For a horizontal surface, the normal force equals the telephone’s weight.

Fi= w F, = wy(mg)
Substituting the equation for Fj into the equation for /., provides an equation with
all known and unknown variables.

My = Foppiica — th(mg)
Rearrange the equation(s) to isolate the unknown(s):

ma,, + umg =F

applied
m(anet + fukg) = Fappll’ed
F_ .
m= applied
anet + lukg
3. CALCULATE Substitute the values into the equations and solve:
= 8670 N
1.30 m/s* +(0.120)(9.81 m/s?)
8670 N
m= 2 2
1.30 m/s” +1.18 m/s
8670 N
m =—2=3.50><103 kg
2.48 m/s
4. EVALUATE Because the mass is constant, the sum of the acceleration

terms in the denominator must be constant for a constant applied force. Therefore,
the net acceleration decreases as the coefficient of friction increases.
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ADDITIONAL PRACTICE

1.

Isaac Newton developed the laws of mechanics. Brian Newton put those laws
into application when he ran a marathon in about 8.5 h while carrying a bag of
coal. Suppose Brian Newton wants to remove the bag from the finish line. He
drags the bag with an applied horizontal force of 130 N, so that the bag has a
net acceleration of 1.00 m/s”. If the coefficient of kinetic friction between the
bag and the pavement is 0.158, what is the mass of the bag of coal?

. The most massive car ever built was the official car of the General Secretary

of the Communist Party in the former Soviet Union. Suppose this car is
moving down a 10.0° slope when the driver suddenly applies the brakes. The
net force acting on the car as it stops is —2.00 x 10* N. If the coefficient of
kinetic friction between the car’s tires and the pavement is 0.797, what is the
car’s mass? What is the magnitude of the normal force that the pavement
exerts on the car?

. Suppose a giant hamburger slides down a ramp that has a 45.0° incline. The

coefficient of kinetic friction between the hamburger and the ramp 1s 0.597, so
that the net force acting on the hamburger is 6.99 x 10> N. What is the mass of
the hamburger? What is the magnitude of the normal force that the ramp exerts
on the hamburger?

. An extremely light, drivable car with a mass of only 9.50 kg was built in

London. Suppose that the wheels of the car are locked, so that the car no
longer rolls. If the car is pushed up a 30.0° slope by an applied force of 80.0 N,
the net acceleration of the car is 1.64 m/s*. What is the coefficient of kinetic
friction between the car and the incline?

. Cleopatra’s Needle, an obelisk given by the Egyptian government to Great

Britain in the nineteenth century, is 20+ m tall and has a mass of about

1.89 x 10° kg. Suppose the monument is lowered onto its side and dragged
horizontally to a new location. An applied force of 7.6 x 10° N is exerted on
the monument, so that its net acceleration is 0.11 m/s>. What is the magnitude
of the frictional force?

. Snowfall is extremely rare in Dunedin, New Zealand. Nevertheless, suppose

that Baldwin Street, which has an incline of 38.0°, is covered with snow and
that children are sledding down the street. A sled and rider move downbhill
with a constant acceleration. What would be the magnitude of the sled’s net
acceleration if the coefficient of kinetic friction between the snow and the
sled’s runners is 0.100? Does the acceleration depend on the masses of the sled
and rider?

. The record speed for grass skiing was set in 1985 by Klaus Spinka, of Austria.

Suppose it took Spinka 6.60 s to reach his top speed after he started from rest
down a slope with a 34.0° incline. If the coefficient of kinetic friction between
the skis and the grass was 0.198, what was the magnitude of Spinka’s net
acceleration? What was his speed after 6.60 s?
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