Force Problems

The problemsiin this section can be solved with the gpplication of Newton's Laws of Mation. The
problems are divided into four groups. (1) linear acceleration, no force components required for
solution; (2) linear acceleration, force components required for solution; (3) no acceleration (a= 0), no
force components required for solution; and (4) no acceleration (a= 0), force components required for
solution. The specific types of forces involved in a problem (e.g., human push or pull, tenson, normd,
weight, friction, gravitationd, electric) are indicated in bold type at the beginning of each problem.

Linear Acceleration, No Force Components

1

Tension, Weight: PLAN THE SOLUTION FOR THE FOLLOWING PROBLEM. An artist
friend of yours wants your opinion of hisideafor anew kinetic sculpture. The basic concept isto
balance a heavy object with two lighter objects usng two very light pulleys, which are essentiadly
frictionless, and lots of string. The sculpture has one pulley hanging from the celling by agtring
atached to its center. Another string passes over this pulley. One end of this string is attached to
a 25 Ib object while the other supports another pulley at its center. This second pulley aso hasa
string passing over it with one end attached to a 10 Ib object and the other to a 15 |b object.

Y our friend hasn't quite figured out the rest of the sculpture but wants to know if, ignoring the
mass of the pulley and sring, the 25 Ib object will remain Stationary during the time thet the 10 and
15 Ib objects are accelerating. DO NOT SOLVE THE PROBLEM.

Weight, Normal: Y ou have aways been impressed by the speed of the eevatorsin the IDS
building in Minnegpoalis (especialy compared to the one in the Physics building). Y ou wonder
about the maximum acceleration for these elevators during norma operation, o you decide to
measure it by using your bathroom scae. While the evator is at rest on the ground floor, you get
in, put down your scale, and stand on it. The scae reads 130 Ibs. Y ou continue standing on the
scae when the devator goes up, carefully watching the reading. During the trip to the 50th floor,
the greatest scale reading was 180 |bs.

Tension, Weight: You have been hired to design the interior of agpecia executive express
elevator for anew office building. Thisdevator has dl the latest safety features and will stop with
an accderdion of g/3in case of any emergency. The management would like a decorative lamp
hanging from the unusudly high cailing of the evator. Y ou design alamp which has three
sections which hang one directly below the other. Each section is atached to the previous one by
asngle thin wire which aso carriesthe dectric current. The lamp is dso attached to the ceiling by
asnglewire. Each section of thelamp weighs 7.0 N. Because the ideais to make each section
appear that it isfloating on air without support, you want to use the thinnest wire possible.
Unfortunately the thinner the wire, the weaker it is. To determine the thinnest wire that can be
used for each stage of the lamp, caculate the force on each wire in case of an emergency stop.

Y ou are investigeting an elevator accident which hgppened in atdl building. An eevetor in this

building is atached to a strong cable which runs over a pulley attached to a sted support in the
roof. The other end of the cable is attached to ablock of meta called a counterweight which
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hangsfregly. An éectric motor on the Sde of the devator drives the devator up or down by

exerting aforce on the sde of the devator shaft. Y ou sugpect that when the eevator was fully

loaded, there was too large aforce on the motor . A fully loaded elevator at maximum capecity

weighs 2400 Ibs. The counterweight weighs 1000 Ibs. The dlevator dways starts from rest &t its

maximum acceleration of g/4 whether it is going up or down.

(@ What force doesthe wdl of the elevator shaft exert on the motor if the eevator starts from
rest and goes up?

(b) What force doesthe wal of the eevator shaft exert on the motor if the elevator starts from
rest and goes down?

5. Tension, Weight: An artig friend of yours wants your opinion of hisideafor anew kinetic
sculpture. The basic concept is to baance a heavy object with two lighter objects using two very
light pulleys, which are essentidly frictionless, and lots of string. The sculpture has one pulley
hanging from the ceiling by a string attached to its center. Another string passes over this pulley.
One end of this gtring is attached to a 25-1b object while the other supports another pulley &t its
center. This second pulley also has a string passing over it with one end attached to a 10-1b
object and the other to a 15-Ib object. Your friend hasn't quite figured out the ret of the
sculpture but wants to know if, ignoring the mass of the pulley and string, the 25-1b object will
remain stationary during the time that the 10-1b and 15-1b objects are accel erating.

DO ONLY THE PROBLEM SOLVING STEPS NECESSARY TO FOCUS THE
PROBLEM, DESCRIBE THE PHY SICS OF THE PROBLEM, AND PLAN A SOLUTION.
DO NOT SOLVE THIS PROBLEM.

6. Weight, Normal, Friction: Because of your physics background, you have been ableto get a
job with a company devising stunts for an upcoming adventure movie being shot in Minnesota. In
the script, the hero has been fighting the villain on the top of the locomotive of atrain going down
agraight horizontal track at 20 mph. He hasjust snuck on thetrain asit passed over alake so he
Iswearing his rubber wet suit. During the fight, the hero dips and hangs by his fingers on the top
edge of the front of the locomotive. The locomotive has a smooth sted vertical front face. Now
the villain somps on the hero's fingers so he will be forced to let go and dip down the front of the
locomotive and be crushed under itswheds. Meanwhile, the hero's partner is at the controls of
the locomotive trying to stop the train. To add to the suspense, the brakes have been locked by
thevillain. 1t will take her 10 seconds to open the lock. To her horror, she seesthe hero's fingers
give way before she can get the lock off. Since sheisthe brains of the outfit, she immediately
opens the throttle causing the train to accelerate forward. This causes the hero to stay on the front
face of the locomotive without dipping down giving her time to save the hero'slife. The movie
company wants to know what minimum acceleration is necessary to perform this sunt. The hero
weighs 180 Ibs. in hiswet suit. The locomotive weighs 100 tons. Y ou look in abook giving the
properties of materids and find that the coefficient of kinetic friction for rubber on sted is0.50
and its coefficient of gtatic friction is 0.60.

7. Weight, Normal, Friction: While working in a mechanical sructures |aboratory, your boss
assigns you to test the strength of ropes under different conditions. Y our test set-up congsts of
two ropes atached to a 30 kg block which dides on a’5.0 m long horizontal table top. Two low
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friction, light weight pulleys are mounted at opposite ends of the table. One rope is attached to
each end of the 30 kg block. Each of these ropes runs horizontally over a different pulley. The
other end of one of the ropesis attached to a 12 kg block which hangs straight down. The other
end of the second rope is attached to a 20 kg block aso hanging straight down. The coefficient
of kinetic friction between the block on the table and the table's surface is 0.08. The 30 kg block
isinitidly held in place by amechaniam that is released when the test begins o, that the block is
accelerating during the test. During this test, what is the force exerted on the rope supporting the
12 kg block?

Linear Acceleration, Force Components

8.

10.

11.

Human, Weight, Normal: You are taking care of two small children, Sarah and Rachd, who
aretwins. Onanice cold, clear day you decide to take them ice skating on Lake of the Ides. To
travel across the frozen lake you have Sarah hold your hand and Rachel's hand. The three of you
form adraight line as you skate, and the two children just glide. Sarah must reach up a an angle
of 60 degreesto grasp your hand, but she grabs Rachd's hand horizontaly. Since the children are
twins, they are the same height and the same weight, 50 Ibs. To get Sarted you accelerate at 2.0
m/<2. Y ou are concerned about the force on the children's arms which might cause shoulder
damage. So you calculate the force Sarah exerts on Rachd's arm, and the force you exert on
Sarah's other arm. Y ou assume that the frictiond forces of the ice surface on the skates are

negligible.

Tenson, Weight, Normal, and Friction: You are planning to build alog cabin in northern
Minnesota. Y ou will pull the logs up along, smooth hill to the building Ste by means of arope
attached to awinch. 'Y ou need to buy arope for this purpose, so you need to know how strong
the rope must be. Stronger ropes cost more. Y ou know that the logs weigh a maximum of 200
kg. You messure that the hill is at an angle of 30° with respect to the horizontd, and the
coefficient of kinetic friction between alog and the hill is0.90. When pulling alog up the hill, you
will make sure that the rope stays pardlée to the surface of the hill and the acceleration of thelog is
never more than 0.80 m/'s?2. How strong a rope should you buy?

Tenson, Weight, Normal, Friction: 'Y ou have taken asummer job at awarehouse and have
designed a method to help get heavy packages up a15° ramp. Inyour system a packageis
attached to arope which runs pardld to the ramp and over apulley at the top of theramp. After
passing over the pulley the other end of the rope is attached to a counterweight which hangs
sraight down. Inyour design the mass of the counterweight is dways adjusted to be twice the
meass of the package. Y our bossisworried about this pulley system. In particular, sheis
concerned that the package will be too difficult to handle at the top of the ramp and tells you to
cdculateits accderaion. To determine the influence of friction between the ramp and the
package you run sometests. You find that you can push a 50 kg package with a horizontal force
of 250 Newtons at a constant speed dong aleve floor made of the same materia as the ramp.

Tension, Weight, Normal, Friction: After graduating you get ajob in Northern Cdifornia. To
move there, you rent atruck for al of your possessons. Y ou aso decide to take your car with
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12.

13.

14.

you by towing it behind the truck. The ingtructions you get with the truck tells you that the
maximum truck weight when fully loaded is 20,000 |bs. and that the towing hitch thet you rented
has a maximum strength of 1000 Ibs. Just before you leave, you weigh the fully loaded truck and
find it to be 15,000 Ibs. At the same time you weigh your car and find it to weigh 3000 Ibs. You
begin to worry if the hitch is strong enough. Then you remember that you can push your car and
can easily keep it moving a a congtant velocity. Y ou know that air resistance will increase as the
car goes faster but from your experience you estimate that the sum of the forces dueto air
resstance and friction on the car is not more than 300 Ibs. If the largest hill you haveto go upis
doped at 10° from the horizontd, what is the maximum accderation you can safely have on that
hill?

DO ONLY THE PROBLEM SOLVING STEPS NECESSARY TO FOCUS THE
PROBLEM, DESCRIBE THE PHY SICS OF THE PROBLEM, AND PLAN A SOLUTION.
DO NOT SOLVE THIS PROBLEM.

Weight, Normal, Friction: Because of your physics background, you have been able to get a
job with acompany devisng stunts for an upcoming adventure movie being shot in Minnesota. In
the script, the hero has been fighting the villain on the top of the locomoative of atrain going down
agraight horizontal track a 20 mph. He hasjust snuck on thetrain asit passed over alake so he
iswearing his rubber wet suit. During the fight, the hero dips and hangs by hisfingers on the top
edge of the front of the locomative. The locomoative has a smooth sted front face doped at 200
from the verticd so that the bottom of the front is more forward that the top. Now the villain
stomps on the hero's fingers so he will be forced to let go and dip down the front of the
locomotive and be crushed under itswhedls. Meanwhile, the hero's partner is at the controls of
the locomotive trying to stop the train. To add to the suspense, the brakes have been locked by
thevillain. 1t will take her 10 seconds to open the lock. To her horror, she seesthe hero'sfingers
give way before she can get thelock off. Since sheisthe brains of the outfit, she immediatdy
opens the throttle causing the train to accelerate forward. This causes the hero to stay on the front
face of the locomotive without dipping down giving her time to save the hero'slife. The movie
company wants to know what minimum accelerdtion is necessary to perform this sunt. The hero
weighs 180 |bs. in hiswet suit. The locomotive weighs 100 tons. Y ou look in abook giving the
properties of materids and find that the coefficient of kinetic friction for rubber on stedl is0.50
and its coefficient of etic friction is 0.60.

Gravitational: 'Y ou have been hired as a consultant for the new Star Trek TV seriesto make
sure that any science on the show is correct. In this episode, the crew of the Enterprise discovers
an abandoned space gtation in deep space far from any stars. This Sation is obvioudy the work
of an advanced race and consists of four identica 3 x 1020 kg asteroids configured so that each is
at the corner of a square with 200 km sides. According to the tricorder, the station has been
abandoned for at least two centuries. Y ou know that such a configuration is unstable and worry
whether there would be observable motion of the asteroids after two hundred years so you
cdculate the acceleration of one of the asteroids in the proposed configuration. Make sure you
give both the magnitude and the direction of the acceleration.

Gravitational: Because the movieindudtry istrying to make the technica details of moviesas
correct as possible, you have been made a member of apand reviewing the details of anew
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science fiction script. Although neither astronomy nor navigeation is your field, you are disturbed by
one scene in which a gpace ship which islow on fue is attempting to land on the Earth. Asthe ship
approaches, it is heading straight for the center of the Earth. The commander cuts off the ship's
engines so that it will be pulled in by the Earth's gravitationa force. As the commander looksin the
viewer, she sees the Earth straight ahead and the Moon off to the |ft at an angle of 300. Theline
between the centers of the Moon and Earth is at right anglesto the initia path of the space ship.
Under these conditions you don' think the ship will continue heading toward the Earth, so you

cd culate the component of its acceleration which is perpendicular to the initid path of the ship.
First you look up the distance between the Earth and the Moon (3.8 x 105 km), the mass of the
Earth (6.0 x 1024 kg), the mass of the Moon (7.3 x 1022 kg), the radius of the Earth (6.4 x 103
km), the radius of the Moon (1.7 x 103 km), and the universal gravitational constant (6.7 x 10-11

N m2/kg?). Asafirg gpproximation, you decide to neglect the effect of the Sun and the other
planetsin the solar system. 'Y ou guess that a pace ship such as described in the script might have
amass of about 100,000 kg.

No Acceleration (a = 0), No Force Components

15.

16.

Weight - Buoyancy, Normal, Friction, Electric. The quarter isdmost over so you decide to
have a party. To add atmosphere to your otherwise drab apartment, you decide to decorate with
baloons. Y ou buy about fifty and blow them up o thet they are dl Stting on your carpet. After
putting most of them up, you decide to play with the few baloons Ieft on the floor. You rub one
on your sweeter and find that it will "stick” to awadl. Ah ha, you know immediatdy that you are
observing the éectric force in action. Since it will be some time before you guests arrive and you
have dready made the onion dip, you decide to cdculate the minimum dectric force of the wal on
the balloon. Y ou know that the air exerts anet upward force (the "buoyant” force) on the balloon
which makesit dmogt float. Y ou measure that the weight of the baloon minus the buoyant force
of the air on the baloon is0.05 Ib. By reading your physics book, you estimate that the
coefficient of datic friction between the wall and the balloon (rubber and concrete) is 0.80.

Tension, Weight, Electric: While working in aUniversity research |aboratory you are given the
job of testing anew device for precisdy measuring the weight of smdl objects. The device
conssts of two very light strings attached at one end to a support. An object is atached to the
other end of each string. The strings are far enough apart so that objects hanging on them don't
touch. One of the objects has a very accurately known weight while the other object isthe
unknown. A power supply isdowly turned on to give each object an dectric charge which causes
the objects to dowly move away from each other (repel) because of the eectric force. When the
power supply is kept at its operating vaue, the objects come to rest a the same horizontd level.
At that point, each of the strings supporting them makes a different angle with the verticd and that
angleis measured. To test the device, you want to caculate the weight of an unknown sphere
from the measured angles and the weight of a known sphere. Y ou use a standard sphere with a
known weight of 2.000 N supported by a string which makes an angle of 10.0° with the vertical.
The unknown sphere's string makes an angle of 20.0° with the verticd.
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17.

18.

19.

Gravitational: You are writing a short science fiction story for your English class. Y ou get your
idea from the fact that when people cross the Earth's equator for the first time, they are awarded a
certificate to commemorate the experience. In your story it isthe 21st Century and you are the
tour director for atrip to the moon. Trangplanetary Tours promises tour participants a certificate
to commemorate their passage from the stronger influence of the Earth's gravitationd pull to the
sronger gravitationd pull of the moon. To finish the story, you need to figure out where on the
trip you should award the certificate. In your physics book you look up the distance between the
Earth and the Moon (3.8 x 10° km), the mass of the Earth (6.0 x 1024 kg), the mass of the Moon
(7.3 x 1022 kg), the radius of the Earth

(6.4 x 103 km), the radius of the Moon (1.7 x 103 km), and the universdl gravitational constant
(6.7 x 1011 N me/kg).

Gravitational: Y ou have been hired as a consultant for the new Star Trek TV seriesto make
sure that the science in the show is correct. In this episode, the crew of the Enterprise goes into
standard orbit around a newly discovered planet. The plot requires that the planet is hollow and
contains the underground cities of alogt civilization. From orbit the science officer determines that
the radius of the planer is 1/4 (one-fourth) that of Earth. Thefirgt officer beams down to the
surface of the planet and measures that his weight is only 1/2 (one-hdf) of hisweight on Earth.
How does the mass of this planet compare with the mass of the Earth? If it were hollow, its
densgity would be less than Earth.  Are the measurements consistent with a hollow planet?

Gravitational, Electric: You and afriend are reading a newspaper article about nuclear fusion
energy generation in gars. The article describes the helium nucleus, made up of two protons and
two neutrons, as very stable so it doesn't decay. Y ou immediately redize that you dontt
understand why the helium nucleusis stable. Y ou know that the proton has the same charge as
the dectron except that the proton charge is positive. Neutrons you know are neutra. Why, you
ask your friend, don't the protons smply repel each other causing the helium nucleus to fly gpart?
Y our friend says she knows why the helium nucleus does not just fly apart. The gravitationd force
keeps it together, she says. Her modd is that the two neutrons Sit in the center of the nucleus and
gravitationdly attract the two protons. Since the protons have the same charge, they are dways
asfar apart as possible on opposite Sdes of the neutrons. What mass would the neutron have if
thismodd of the helium nucleus works? Isthat areasonable mass? Looking in your physics
book, you find that the mass of a neutron is about the same as the mass of a proton and that the
diameter of ahdium nucleusis 3.0 x 1013 cm.

No Acceleration (a = 0), Force Components

20.

Tenson, Weight, Friction: You are taking advantage of an early snow to go dedding. After a
long afternoon of going up and down hills with your ded, you decideit istimeto go home. You
are thankful that you can pull your ded without climbing any more hills. Asyou are waking home,
dragging the ded behind you by arope fastened to the front of the ded, you wonder what the
coefficient of friction of the snow on the dedis. Y ou estimate that you are pulling on the rope with
a2 pound force, that the ded weighs 10 pounds, and that the rope makes an angle of 25 degrees
to the level ground.
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22.

23.

24.

Force Problems

Human, Weight, Normal, Friction: You are heping afriend move into anew gpartment. A

box weighing 150 Ibs. needs to be moved to make room for acouch.. You are taler than the

box, so you reach down to push it a an angle of 50 degrees from the horizontal. The coefficient

of gtatic friction between the box and the floor is 0.50 and the coefficient of kinetic friction

between the box and the floor is 0.30.

(@ If you want to exert the minimum force necessary, how hard would you push to keep the box
moving across the floor?

(b) Suppose you bent your knees so that your push were horizonta. How hard would you push
to keep the box moving across the floor?

Human, Weight, Normal, Friction: You are helping an investigation of back injuriesin the
condruction industry. Y our assgnment is to determine why there is a correation of the height of
the worker to the likelihood of back injury. Y ou suspect that some back injuries are related to the
way people push heavy objects in order to move them. When people push an object, such asa
box, across the floor they tend to lean down and push at an angle to the horizontal. Tdler people
push a alarger angle with respect to the horizonta than shorter people. To present your ideasto
the rest of the research team, you decide to calculate the force a 200-1b box exerts on a 150-1b
person when they push it across atypica floor at acongtant velocity of 7.0 ft/s as a function of the
angle with respect to the horizontd at which the person pushes the box. Once you have your
function, you will use angles of 0°, 100, 209, 30°, and 40° to make a graph of the result for the
presentation. One of your coworkerstellsyou that atypica coefficient of tatic friction between a
box and afloor of 0.60 and while atypica coefficient of kinetic friction between abox and afloor
is0.50. (Don't forget to make the graph).

Tension, Weight: Your are part of ateam to help design the atrium of anew building. Y our
boss, the manager of the project, wants to suspend a 20-1b sculpture high over the room by
hanging it from the calling using thin, dear fishing line (string) o that it will be difficult to see how
the sculpture isheld up. The only place to fasten the fishing line is to awooden beam which runs
around the edge of the room at the calling. The fishing line that she wantsto use will hold 20 |bs.
(20-1b test) s0 she suggests attaching two lines to the sculpture to be safe. Each line would come
from the opposite Sde of the celling to attach to the hanging sculpture. Her initia design has one
line making an angle of 20° with the calling and the other line making an angle of 40° with the
ceiling. She knows you took physics, so she asksyou if her design can work.

Electric, Weight, Tension: Whileworking in a University research laboratory you are gven the
job of testing anew device, caled an eectrogtatic scae, for precisely measuring the weight of
smdl objects. Thedeviceisquitesmple. It consgs of two very light but strong strings attached
to a support so that they hang straight down. An object is attached to the other end of each
sring. One of the objects has avery accurately known weight while the other object isthe
unknown. A power supply isdowly turned on to give each object an eectric charge which
causes the objects to dowly move away from each other (repel) because of the electric force.
When the power supply is kept at its operating vaue, the objects come to rest at the same
horizonta level. At that point, each of the strings supporting them makes a different angle with the
vertical and that angleismeasured. To test the device, you want to caculate the weight of an

Page 81



Force Problems

unknown sphere from the measured angles and the weight of aknown sphere. You usea
standard sphere with a known weight of 2.00000 N supported by a string which makes an angle

of 10.000 with the vertical. The unknown sphere's string makes an angle of 20.000 with the
verticd.
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Force and Linear Kinematics

The following problems require both Newton's Laws of Motion and one or more kinematics relationship
for asolution. The specific types of forcesinvolved in a problem (e.g., human push or pull, tension,
normd, weight, friction, gravitationd, dectric) are indicated in bold type at the beginning of each
problem.

25. Weight, Normal: While driving in the mountains, you notice that when the freeway goes steeply
down hill, there are emergency exits every few miles. These emergency exits are sraight dirt
ramps which leave the freeway and are doped uphill. They are desgned to stop trucks and cars
thet lose their bresks on the downhill stretches of the freaway even if theroad is covered inice.

Y ou are curious, So you stop at the next emergency road. Y ou estimate that the road rises at an
angle of 100 from the horizontal and is about 100 yards (300 ft) long. What isthe maximum
speed of atruck that you are sure will be stopped by thisroad, even if the frictiona force of the
road surfaceis negligible?

26. Weight, Normal: While driving in the mountains, you natice that when the freeway goes steeply
down hill, there are emergency exits every few miles. These emergency exits are straight dirt
ramps which leave the freeway and are doped uphill. They are designed to stop trucks and cars
that lose their bresks on the downhill stretches of the freeway even if the road is covered inice.

Y ou wonder a what angle from the horizontal an emergency exit should rise to sop a 50 ton
truck going 70 mph up aramp 100 yards (300 ft) long, even if the frictiond force of the road
surfaceis negligible.

27. Weight, Normal: You and afew friends have decided to open asmal business called Wee
Deliver. The business will guarantee to deliver any box between 5 Ibs. and 500 Ibs. to any
location in the Twin City area by the next day. At your digtribution center, boxes dide down a
ramp between the ddivery area and the sorting area. In designing the distribution center, you
must determine the angle this ramp should have with the horizontal so that a 500-1b box takes 5.0
seconds to dide down the ramp starting from rest at the top. When the box arrives at the bottom
of the ramp, its speed should not be too large or the contents of the box might be damaged. You
decide that this speed should be 10 ft/s. Using the latest technology, your ramp will have avery
dippery surface so you make the approximation that the frictiond force between the ramp and the
box can be neglected.

28. Weight, Normal: You arewatching aski jump contest on televison when you wonder how high
the skier iswhen she leaves the starting gate. In the ski jump, the skier glides down along ramp.
At the end of the ramp, the skier glides dong a short horizontal section which ends abruptly so
that the skier goesinto the air. Y ou measured that the skier wasin the air for 2.3 seconds and
landed 87 meters, in the horizonta direction, from the point she went into the air. Make the best
edimate of the height of the sarting gate at the top of the ramp from the horizontal section from
which the skier takes off into the air. Make clear on what assumptions your answer depends (this
iswhy it is an esimate).
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29.

30.

31

32.

33.

Weight, Normal, Friction: You are passing a congruction site on the way to physics class, and
stop to watch for awhile. The construction workers gppear to be going on coffee break, and
have |eft alarge concrete block resting at the top of awooden ramp. As soon astheir backs are
turned, the block beginsto dide down the ramp. Y ou quickly clock the time for the block to
reach the bottom of the ramp at 10 seconds. Y ou wonder how long therampis. Y ou esimate
that the ramp is a an angle of about 20° to the horizontd. 1n your physics book you find that the
coefficient of kinetic friction between concrete and wood is 0.35.

Weight, Normal, Friction: Y ou have asummer job a a company that specidizesin the design
of gportsfacilities. The company has been given the contract to design anew hockey rink to try
to keep the North Starsin town. Therink floor is very flat and horizontal and covered with a
thick coat of ice. Your task isto determine the refrigeration requirements which gives best
temperature for theice. Y ou have atable which gives the coefficient of static and kinetic friction
between ice and the standard NHL hockey puck as afunction of ice temperature. Y ou have
been told that the hockey game will be more exciting if passes are swift and sure. Experts say that
the passing gameis best if, after it goes 5.0 m, a puck has a speed which is 90% of the speed with
which it left the hockey gtick. A puck typicaly has a gpeed of 20 km/hr when it leaves the hockey
stick for a pass.

Weight, Normal, Friction: 'Y ou and some friends visit the Minnesota State Fair and decide to
play agame on the Midway. To play the game you must dide ameta hockey-type puck up a
wooden ramp <0 that it drops through a hole a the top of the ramp. Your prize, if you win, isa
large, pink, and rather gaudy, stuffed poodle. Y ou redize the secret to winning is giving the puck
just enough velocity at the bottom of the ramp to make it to the hole. Y ou estimate the distance
from the bottom of the ramp to the hole at about 10 feet, and the ramp appears to be inclined with
an angle of 10° from the horizontal. Y ou just got out of physics class and recal the coefficient of
static friction between sted and wood is 0.1 and the coefficient of kinetic friction between sted
and wood is0.08. The mass of the puck is about 2.5 Ibs. Y ou decide to impress your friends by
diding the puck at the precise speed on thefirg try so asto land it in the hole. Y ou dide the puck
a 8.0 ft/sec. Do you win the stuffed poodle?

Weight, Normal, Tension, Friction: Findly you are leaving Minnegpoalisto get afew days of
Spring break, but your car breaks down in the middle of nowhere. A tow truck weighing 4000
Ibs. comes dong and agreesto tow your car, which weighs 2000 Ibs,, to the nearest town. The
driver of the truck attaches his cable to your car a an angle of 20° to the horizontd. Hetelsyou
that his cable has a strength of 500 Ibs. He plans to take 10 seconds to tow your car at a
congant acceeration from rest in asraight line dong the flat road until he reaches the maximum
gpeed limit of 45 miles’hour. Can the driver carry out his plan? 'Y ou assume that rolling friction
behaves like kinetic friction, and the coefficient of rolling friction between your tires and the road is
0.10.

Weight, Normal, Friction: While visting afriend in San Francisco you decide to drive around

thecity. You turn acorner and are driving up asteep hill. Suddenly, asmdl boy runs out on the
Street chasing abal. You dam on the brakes and skid to a stop leaving a 50 foot long skid mark
on the sreet. The boy camly walks away but a policeman weatching from the sdewak walks
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over and gives you aticket for speeding. Y ou are ill shaking from the experience when he
points out that the speed limit on this street is 25 mph.  After you recover your wits, you examine
the situation more closdly. Y ou determine that the street makes an angle of 20° with the horizonta
and that the coefficient of static friction between your tires and the street is 0.80. You aso find
that the coefficient of kinetic friction between your tires and the street is 0.60. Y our car's
information book tells you that the mass of your car is 1570 kg. Y ou weigh 130 Ibs. Witnesses
say that the boy had aweight of about 60 |bs. and took 3.0 seconds to cross the 15 foot wide
dreet. Will you fight the ticket in court?

Weight, Lift, Thrust, Drag: One morning while waiting for classto begin, you are reading a
newspaper article about airplane safety. This article emphasizes the role of metd fatigue in recent
accidents. Metd fatigue results from the flexing of arframe partsin response to the forces on the
plane especidly during take off and landings. As an example, the reporter uses a plane with a

take off weight of 200,000 Ibs. and take off speed of 200 mph which climbs at an angle of 300
with a congtant acceleration to reach its cruising dtitude of 30,000 feet with a speed of 500 mph.
Thethree jet engines provide aforward thrust of 240,000 Ibs. by pushing air backwards. The
article then goes on to explain that a plane can fly because the air exerts an upward force on the
wings perpendicular to thair surface caled "lift." Y ou know thet air resstanceisdso avery
important force on a plane and isin the direction opposite to the velocity of the plane. The article
tellsyou thisforceis caled the "drag.” Although the reporter writes that some metd fatigueis
primarily caused by the lift and some by the drag, she never tells you their Sze for her example
plane. Luckily the article contains enough information to cal culate them, so you do.
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Force and Circular Motion at a Constant Speed

The problemsin this section require the gpplication of Newton's Laws of Motion aswdl asthe
relationships between speed, frequency, and radial acceleration for circular motion at a constant speed.
The problems are divided into two groups. (1) No radid force components required for solution; and
(2) Radid force components required for solution. The specific types of forcesinvolved in a problem
(eg., tengon, normd, weight, friction, gravitationa, eectric) are indicated in bold type at the beginning
of each problem.

No Radial Force Components

35.

36

37.

38.

Weight, Normal: Just before finas you decide to visit an amusement park set up in the
Metrodome. Sinceit isaweekend, you invite your favorite niece dong. Shelovestorideona
Ferriswhed, and there is one at the amusement park. The Ferris whedl has seats on therim of a
circlewith aradius of 25 m. The Ferriswhed rotates at a constant speed and makes one
complete revolution every 20 seconds. While you wait, your niece who has a mass of 42 kg,
rides the Ferriswhed. To kill time you decide to caculate the tota force (both magnitude and
direction) on her when sheis one quarter revolution past the highest point. Because the Ferris
whed can be run at different speeds, you aso decide to make a graph which gives the magnitude
of the force on her at that point as a function of the period of the Ferris whed.

Weight, Normal: While rdaxing from studying physics, you waich some TV. Whileflipping
through channels you see a circus show in which awoman drives a motorcycle around the insgde
of averticd ring. You determine that she goes around at a constant speed and that it takes her
4.0 seconds to get around when sheis going her dowest. If sheis going at the minimum speed for
this sunt to work, the motorcycleis just barely touching the ring when she is upside down &t the
top. At that point sheisin freefdl so her accderaionisjust g. She just makes it around without
fdling off the ring but what if she made a mistake and her motorcycdefdl off a thetop? How high
up is she?

Weight, Normal, Friction: The producer of the last film you worked on was so impressed with
the way you handled a helicopter scene that she hired you again astechnica advisor for anew
"James Bond" film. The scene cdls for 007 to chase avillain onto a merry-go-round. An
accomplice starts the merry-go-round rotating in an effort to toss 007 (played in this new verson
by Billy Crystd) off into an adjacent pool filled with hungry sharks. Y ou must determine a safe
rate of rotation such that the stunt man (you didn't think Billy would do his own stunts did you?)
will not fly off the merry-go-round and into the shark-infested pool. (Actudly they are mechanica
sharks, but the audience doesn't know that.) Y ou measure the diameter of the merry-go-round as
50 meters. Y ou determine that the coefficient of static friction between 007's shoes and the
merry-go-round surface is 0.7 and the coefficient of kinetic friction is 0.5.

Weight, Normal, Friction: A new package moving system in the new, improved post office
consgs of alarge circular disc (i.e. aturntable) which rotates once every 3.0 seconds a a
constant peed in the horizontd plane. Packages are put on the outer edge of the turntable on one
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39.

40.

41.

42.

43.

Force and Circular Motion Problems

side of the room and taken off on the opposite Sde. The coefficient of Static friction between the
disc surface and a package is 0.80 while the coefficient of kinetic frictionis 0.60. If thissysemis
to work, whét is the maximum possible radius of the turntable?

Weight, Normal, Friction: You are driving with afriend who is Sitting to your right on the
passenger side of the front seat. Y ou would like to be closer to your friend and decide to use
your knowledge of physics to achieve your romantic god. So you'll make a sharp turn. Which
direction should you turn so as to make your friend dide closer to you? If the coefficient of Satic
friction between your friend and the seat of the car is 0.40, and you drive a a constant speed of
18 m/s, whét is the maximum radius you could make your turn and till have your friend dide your

way?

Weight, Normal, Friction: On atrip through Horida, you find yoursdlf driving in your 3000-1b
car dong aflat level road at 50 mph. The road makes aturn which you take without changing
your speed. The curveis approximately an arc of acircle with aradius of 0.05 miles. Y ou notice
that the curveisfla and leve with no Sgn of banking. There are no warning signs but you wonder
if it would be safe to try to go 50 mph around the curve in the rain when the wet surface has a
lower coefficient of friction. What is the minimum coefficient of Satic friction between the road
and your car'stires which will alow your car to make the turn?

Weight, Tension: After watching the movie "Crocodile Dundee," you and some friends decide
to make a communications device invented by the Audtrdian Aborigines. It condsts of anoise-
maker swung in avertica circleon theend of astring. Your design cdls for a400 gram noise-
maker on a60 cm string. Y ou are worried about whether the string you have will be strong
enough, so you decide to cdculae the tenson in the string when the device is svung with an
acceleration which has a constant magnitude of 20 n/s? . Y ou and your friends can't agree
whether the maximum tension will occur when the noise maker is a the highest point in the circle,
at the lowest point in the circle, or isdwaysthe same. To settle the argument you decide to
cdculate the tenson a the highest point and at the lowest point and compare them.

You are watching a TV news program when they switch to some scenes taken aboard the space
shuttle which circles 500 miles above the Earth once every 95 minutes. To alow the audience to
appreciate the distances involved, the announcer tells you that the radius of the Earth is about
4000 miles and the distance from the Earth to the Moon is about 250,000 miles. When an
adtronaut drops her pen it floats in front of her face. Y ou immediately wonder how the
acceleration of the dropped pen compares to the acceleration of a pen that you might drop here
on the surface of the Earth.

Gravitational: You are dill aconsultant for the new Star Trek TV series. Y ou were hired to
meake sure that any science on the show is correct. In this episode, the crew of the Enterprise
discovers an abandoned space station in deep space far from any sars. This station, which was
built by Earth in the 21st century, is alarge whed-like structure where people live and work in the
rim. In order to create "artificid gravity," the space gation rotates onitsaxis. The specid effects
department wants to know at what rate a gpace station 200 meters in diameter would have to
rotate to create "gravity" equa to 0.7 that of Earth.
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44,

45.

46.

Gravitational: You did sowell in your physics course that you decided to try to get a summer
job working in aphysics laboratory at the University. Y ou got the job as a student lab assgtant in
aresearch group investigating the ozone depletion at the Earth's poles. This group is planning to
put an aimospheric measuring device in a sadlite which will pass over both poles. To collect
samples of the upper amosphere, the satellite will bein acircular orbit 200 miles above the
surface of the Earth. To adjust the instruments for the proper data taking rate, you need to
cdculate how many times per day the device will sample the atimosphere over the South pole.
Using the inside cover of your trusty Physics text you find that the radius of the Earth is 6.38 x 103
km, the mass of the Earth is 5.98 x 1024 kg, and the universal gravitationd constant is 6.7 x 1011
N m2/kg?.

Gravitational: You did sowell in your physics course that you decided to try to get a summer
job working in aphysics laboratory at the Universty. You got the job as astudent lab assstant in
aresearch group investigating the ozone depletion at the Earth's poles. This group is planning to
put an atmospheric measuring device in asadlite which will pass over both poles. To collect
samples of the upper amosphere, the satellite will be in acircular orbit 200 miles above the
surface of the Earth where g is 95% of its value on the Earth's surface. To adjust the instruments
for the proper data taking rate, you need to calculate how many times per day the device will
sample the aimosphere over the South pole. Using the insde cover of your trusty Physics text
you find that the radius of the Earth is 6.38 x 103 km and the mass of the Earth is 5.98 x 1024 kg.

Gravitational: You are reading a magazine article about pulsars. A few years ago, asadlitein
orbit around the Earth detected X-rays coming from sources in outer space. The X-rays detected
from one source, called Cygnus X-3, had an intensity which changed with a period of 4.8 hours.
Thistype of astronomica object emitting periodic sgnasiscaled apulsar. One popular theory
holds that the pulsar isanorma star (Smilar to our Sun) which isin orbit around a much more
massve neutron star. The period of the X-ray signd isthen the period of the orbit. In thistheory,
the distance between the norma star and the neutron star is approximately the same as the
distance between the Earth and our Sun. Y ou redize that if this theory is correct, you can
determine how much more massive the neutron star isthan our Sun. All you need to do isfirst
find the mass of the neutron tar in terms of two unknowns, the universd gravitationd congant G
and the radius of the Earth's orbit. Then find the mass of our Sun in terms of the same two
unknowns, G and the radius of the Earth's orbit. (The period of the Earth's orbit is 1 year). Then
you can caculate how many times more massive the neutron star is than our Sun.

Radial Force Components

47.

Weight, Lift: You are reading an article about the aesthetics of airplane design. One examplein
the article is a beautiful new design for commercid arliners. Y ou are worried thet thislight wing
sructure might not be strong enough to be safe. The article explainsthat an airplane can fly
because the air exerts aforce, caled "lift," on the wings such that the lift is dways perpendicular to
the wing surface. For leve flying, thewings are horizontal. To turn, the pilot "banks' the plane so
that the wings are oriented at an angle to the horizontal. This causes the plane to have atrgjectory
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which isahorizontd cirde. The specifications of the 100 x 108 Ib plane require that it be able to
turn with aradius of 2.0 miles at a constant gpeed of 500 miles/hr. The article states that tests
show that the new wing structure will support aforce 4 times the lift necessary for leve flight. Is
the wing structure sufficiently strong for the plane to make this turn?

48. Weight, Lift: You areflying to Chicago when the pilot tells you that the plane can not land
immediately because of arport ddays and will haveto circlethe airport. Thisis standard
operating procedure. She aso tells you that the plane will maintain a speed of 400 mph at an
atitude of 20,000 feet while traveling in a horizonta circle around the airport. To passthetime
you decide to figure out how far you are from the airport. 'Y ou notice that to circle, the pilot
"banks' the plane so that the wings are oriented at 10° to the horizontd. An article in your in-flight
meagazine explains that an airplane can fly because the ar exerts aforce, caled "lift," on the wings.
Thelift is dways perpendicular to the wing surface. The magazine article gives the weight of the
type of plane you are on as 100 x 103 pounds and the length of each wing as 150 feet. It givesno
information on the thrust of the engines or the drag of the airframe.

49. Because of your physics background, you have been hired as a member of the team the Sate
highway department has assigned to review the safety of Minnesota freeways. Thisweek you are
sudying 35W which has a curve which is essentidly 1/8 of acircle with aradius of 0.5 miles. The
road has been designed with a banked curve so that the road makes an angle of 4° to the horizontal
throughout the curve. To begin the study, the head of your department asks that you calculate the
maximum speed for a standard passenger car (about 2000 Ibs.) to complete the turn while
maintaining a horizontal path aong the road. She asksthat you first consder the case of adick, ice
covered road. When you have completed that calculation she wants you to do the case of adry,
clear road where the coefficient of kinetic friction is 0.70 and the coefficient of Static friction is 0.80
between the tiresand theroad. Thiswill give her team the two extremes of Minnesota driving
conditions on which to base the analysis.

50. Tension, Weight: A neighbor's child wants to go to a neighborhood carniva to experience the
wild rides. The neighbor isworried about safety because one of the rides |ooks dangerous. She
knows that you have taken physics and so asks your advice. Theride in question has a 10-1b chair
which hangs fredy from a 30-ft long chain attached to a pivot on the top of atal tower. When a
child enterstheride, the chain is hanging straight down. The child is then attached to the chair with
aseat belt and shoulder harness. When the ride starts up the chain rotates about the tower. Soon
the chain reaches its maximum speed and remains rotating at that speed. It rotates about the tower
once every 3.0 seconds. When you ask the operator, he says that the ride is perfectly safe. He
demondtrates this by gtting in the stationary chair. The chain creaks but holds and he weighs 200
Ibs. Hasthe operator shown that thisride safe for a 50-1b child?
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