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Context-rich Problems

What Are Context Rich Problems?

Context-rich problems are designed to encourage students to use an organized, logical problem-solving
drategy instead of their novice, formula-driven, "plug-and-chug” strategy. Specificdly, context rich problems
are designed to encourage students to (a) consider physics concepts in the context of real objectsin the redl
world; (b) view problem-solving as a series of decisons, and () use the fundamental concepts of physicsto
quaitatively andyze a problem befor e the mathematical manipulation of formulas.

Consequently, all context-rich problems have the following characterigtics:
» Each problemisashort story in which the mgor character isthe student. That is, each problem
statement uses the persond pronoun "you."
 The problem statement includes a plausible motivation or reason for "you" to caculate something.
» Theobjectsin the problems are red (or can be imagined) -- the idedlization process occurs explicitly.
* No pictures or diagrams are given with the problems. Students must visudize the Stuation by using
their own experiences.
* The problem cannot be solved in one step by plugging numbersinto aformula
These characteristics emphasi ze the need for students to make decisions by using their physics knowledge.
They encourage students to view physics problem-solving as something that they can do successfully and
imagine doing in thelr future careers. They discourage the view that problem solving in physcsisapurdy
mathematical exercise with no redl-world gpplications for the average person.

What Are The Characteristics of a Good Group Problem?

Group problems should be more difficult to solve than easy problemstypicdly given on an individua test.

But the increased difficulty should be primarily conceptual, not mathematical. Difficult mathematicsis best
accomplished by individuas, not by groups. So problems that involve long, tedious mathematics buit little
physics, or problems that require the use of a shortcut or "trick” that only experts would be likely to know do
not make good group problems. In fact, the best group problems involve the straight-forward application of
the fundamenta principles (e.g., the definition of velocity and acceleration, the independence of motion in the
vertica and horizontal directions) rather than the repeated use of derived formulas (e.g., 2 - V2 = 2ad).

Twenty-one Characteristics That Can M ake a Problem More Difficult

There are twenty-one characterigtics of a problem that can make it more difficult to solve than a sandard
textbook exercise;

Approach
1 CuesLacking
A. Noexplicit target varigble. The unknown varigble of the problem is not explicitly sated.
B. Unfamiliar context. The context of the problem is very unfamiliar to the students (e.g., cosmology,
molecules).
2 Agility with Principles
A. Choice of ussful principles. The problem has more than one possible set of useful concepts that
could be applied for a correct solution.
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B.

C.

Two generd principles. The correct solution requires students to use two mgor principles (e.g.,
torque and linear kinemétics).

Very abgtract principles. The central concept in the problem is an abstraction of another abstract
concept. (eg., potentiad, magnetic flux).

3 Non-standard Application

A.

B.

Atypicd Stuation. The setting, congraints, or complexity is unusua compared with textbook
problems.

Unusud target variable. The problem involves an atypicd target variable when compared with
homework problems.

Analysis of Problem
4 Excessor Missing Information

A.

B.

C.

Excess numerica data. The problem statement includes more data than is needed to solve the
problem.

Numbers must be supplied. The problem requires students to either remember or etimate a
number for an unknown variable.

Smplifying assumptions. The problem requires students to generate a Smplifying assumption to
eiminate an unknown variable.

5 Seemingly Missing Information

A.
B.

C.

Vague statement. The problem statement introduces a vague, new mathematical statemen.

Specid conditions or congraints. The problem requires students to generate information from their
andysis of the conditions or condraints.

Diagrams. The problem requires students to extract information from a spatid diagram.

6 Additional Complexity

A.

B.

C.

More than two subparts. The problem solution requires sudents decompose the problem into
more than two subparts.

Five or more terms per equation. The problem involves five or more termsin a principle equation
(e.g., three or more forces acting along one axes on a single object).

Two directions (vector components). The problem requires students to treat principles (e.g.,
forces, momentum) as vectors.

Mathematical Solution
7 AlgebraRequired

A.
B.

C.

No numbers. The problem statement does not use any numbers.

Unknown(s) cancel. Problemsin which an unknown variable, such as ameass, ultimatdly factors
out of thefina solution.

Simultaneous equations. A problem that requires smultaneous equations for a solution.

8 TargetsMath Difficulties

A.

B.
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Context-rich Problems

BEWARE! Good group problems are difficult to construct because they can easily be made too complex
and difficult to solve. A good group problem does not have all of the above difficulty characteridtics, but
usudly only 2- 5 of these characterigtics.

How to Create Context-rich Group Problems

One way to invent context-rich problemsisto start with atextbook exercise or problem, then modify the
problem. 'Y ou may find the following steps helpful:

1.

If necessary, determine a context (real objects with real motions or interactions) for the textbook
exercise or problem. Y ou may want to use an unfamiliar context for avery difficult group problem.

Decide on amoativation -- Why would anyone want to ca culate something in this context?
Determine if you need to change the target variable to

(8 make the problem more than a one-step exercise, or

(b) meake the target varigble fit your motivation.

Determineif you need to change the given information (or target variable) to make the problem an
application of fundamenta principles (e.g., the definition of velocity or acceleration) rather than a
problem needing the gpplication of many derived formulas.

Write the problem like a short story.
Decide how many "difficulty” characterigtics (characteristics that make the problem more difficult)
you want to include, then do some of the following:

(& think of an unfamiliar context; or use an atypical setting or target varigble;

(b) think of different information that could be given, so two gpproaches (e.g., kinematics and
forces) would be needed to solve the problem instead of one gpproach (e.g., forces), or so
that more than one approach could be taken

(c) writethe problem so the target variable is not explicitly dated;

(d) determine extrainformation that someone in the Situation would be likely to have; or leave out
common-knowledge information (e.g., the boiling temperature of water);

(e) depending on the context, leave out the explicit statement of some of the problem idedlizations
(e.g., change "masdess rope’ to "very light rope’); or remove some information that students
could extract from an analyss of the Stuation;

(f) takethe numbersout of the problem and use variable names only;
(9 think of different information that could be given, so the problem solution requires the use of
vector components, geometry/trigonometry to eiminate an unknown, or caculus.

Check the problem to make sureiit is solvable, the physics is sraight-forward, and the mathematics
is reasonable. After you have written the problem, solve it yoursdf and use the judging strategy
(next section) to determine its difficulty.
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Some common contexts include:

physical work (pushing, pulling, lifting objects verticdly, horizontaly, or up ramps)
suspending objects, faling objects

gports Stuations (faling, jumping, running, throwing, etc. while diving, bowling, playing golf, tennis,
football, basebdll, etc.)

Stuations involving the mation of bicycles, cars, boats, trucks, planes, etc.
adronomica stuations (motion of satdlites, planets)
heating and cooling of objects (cooking, freezing, burning, etc.)

Sometimesit is difficult to think of amoativation. We have used the following motivations:

You are. . .. (in some everyday stuation) and need to figureout . . . .

You arewatching . . . . (an everyday situation) and wonder . . . .

Y ou are on vacation and observe/natice .. . . . and wonder . . . .

You arewatching TV or reading an article about . . . . and wonder . . .

Because of your knowledge of physics, your friend asks you to hdp him/her . . ..

Y ou are writing a science-fiction or adventure story for your English classabout . . . . and need to
figureout . . ..

Because of your interest in the environment and your knowledge of physics, you are amember of a
Citizen's Committee (or Concern Group) investigating . . . .

Y ou have a summer job with acompany that . . .. Because of your knowledge of physics, your
bossasksyouto. ...

Y ou have been hired by a College research group that isinvestigating . . . . Your job isto determine
Y ou have been hired as atechnica advisor for aTV (or movie) production to make sure the science

iscorrect. Inthescript. . . ., but isthis correct?
When redlly desperate, you can use the motivation of an artigt friend designing a kinetic sculpture!

Decision Strategy for Judging Problems

Outlined below is a decision drategy to help you decide whether a context-rich problem is agood individua
test problem, group practice problem, or group test problem.

1. Read the problem statement. Draw the diagrams and deter mine the equations needed to solve the
problem (through plan-a-solution step).

2. Rgect if:
* the problem can be solved in one step,
* the problem involves long, tedious mathemetics, but little physics; or
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* the problem can only be solved easily using a"trick™ or shortcut that only experts would be likely to
know. (In other words, the problem should be a straight-forward gpplication of fundamenta

concepts and principles.)

3. Check for the twenty-one characteristics that make a problem more difficult:

___unfamiliar context

very abgtract principles
two generd principles
more than two subparts
no explicit target variable
excess informeation
atypica Stuation

vague datement
diagrams

no numbers

caculus or vector agebra

lengthy algebra

numbers must be supplied
assumptions needed
vector components

Smultaneous egs.

choice of ussful principles
unusud target varigble
specid conditions

five or moreterms

unknowns cancel

4. Decideif the problem would be a good group practice problem (20 - 25 minutes), agood group test
problem (45 - 50 minutes), or agood (easy, medium, difficult) individua test problem, depending on
three factors: (a) the complexity of mathematics, (b) the timing (when problem is to be given to students),
and (c) the number of difficulty characterigtics of the problem:

Type of Problem Timing Diff. Ch.
Group Practice Proplemsshpuld be |just introduced to concept(s) 2-3
o e e Y LGN s firished study of conoept(s) 3-4
Group Test Problems canbemore | just introduced to concept(s) -
complex mathematically. just finished study of concept(s) i
Individual Problems can be easy,
medium-difficult, or difficult:
Easy just introduced to concept(s) 0-1
just finished study of concept(s) 1-2
Medium-difficult just introduced to concept(s) 1-2
judt finished study of concept(s) 2-3
Difficult just introduced to concept(s) 2-3
just finished study of concept(s) 3-4

Thereis considerable overlap in the criteria, so most problems can be judged to be both a good group
practice or test problem and agood essy, medium-difficult, or difficult individua problem.
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Problemsin This Booklet

Mogt of the context-rich problemsin this booklet were group and individua test problems given in the
algebra-based introductory physics courses and the calculus-based courses a the University of Minnesota.
The problems vary greatly in length and difficulty. The more difficult problems were usudly given as
cooperdtive group problems. The problems dso vary in qudity. Fed freeto edit, revise, and improve them!

To discourage memorization and focus students attention on the fundamental concepts necessary to solve
the problems, the testsinclude dl equations and constants necessary to solve the problems. No other
equations are allowed to appear in the students solutions unless explicitly derived from the given equations.
These equations represent the fundamental concepts taught in the courses. A few new equations are added
for each successve tegt, so the information available is the accumulation from the beginning of the course.
The next two pages contain the mathematica and physics accumulated at the end of the a gebra-based
course and the caculus based course. All of the problemsin this section can be solved with the equations on
these sheets.

The context-rich problems in this booklet are grouped according to the fundamenta concepts and
principle(s) required for asolution (instead of the typical textbook chapter or topic organization): linear
kinemeatics problems, force problems, force with linear kinematics, force and circular motion, conservation
problems.
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Equations. One-Semester Algebra-based Course

Thisisaclosed book, closed notes exam. Cdculators are permitted. The only formulas and congtants
which may be used in this exam are those given below. Y ou may, of course, derive any expressons you
need from those thet are given. If in doubt, ask. Define dl symbols and judtify al mathematical expressons
used. Make sureto state dl of the assumptions used to solve a problem. Each problem isworth 25 points.

Useful Mathematical Relationships:

For aright triangle: s'nq:%, cosq:g , tanq:%,

a &2+b2=c2 dniq+cosfq=1
Foracircdle C=2pR,A=pR2
h For aspheres A =4pR2,V :g pR3
- /B2 -
If Ax2+ Bx +C=0, then x= B ZIZ 4AC
Fundamental Concepts:
_ SF = ma Dpr system = Pr transfer
Y= ot pr= mvr
= - 2Vy DEsystem = Etransfer Prtransfer = S F, 2t
ot Etranster = S F, 2r
. 2r 1 ?q
V; = lim(?t® 0)7_'[ KE = 5 mv2 | = ot
_ ?Vy Etransfer
a = lim(?t® O)W P= ot
Under Certain Conditions:
- (Vir + Vir) E - KeQ102 DEinterna = cmDT
I‘ 2 r2 DEinterna = mL
vz PE=m
a= T 1 24 PE
PE = 5 kx2 VE = F
F = m(FN ZG
mm V = IR
F:rTLFN PE:-# P=1V
r
F=k?r r (L
Gm A b R=
F = r—21m2 PE = r A

Useful constants: 1 mile=5280ft, 1ft=0.305m, g=9.8 m/s?=32ft/s?, 11b=4.45N,
G=6.7x 1011 N m/kg?, ke=9.0x 109N m?/ C2,e=16x1019C
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Equations. Two-Semester Calculus-based Course

Useful M athematical Relationships:

Foracimle: & = 2nR , A=nR2: Forasphere: &A= dnRe ,?=% nR3
diz™ gl , dicosz) - _sinz dsing _ , df = =df{z}E , _r{lji}dz _w,
dz dz dz dt dz 4t d=z
d 1 g+l 1 ot
—[dz =w , [z idz = n=-0, dz =
I o) Izt n+1|:=:|f 7

AT

Fundamental Conceptsand Principles:

1.r=—t S=E a=a m=_t=T '1=_t=T i, =—
T
- -, i i i 1 . .
HF =ma T=Tu«F nr=Ix KE=EI’H‘-’3 Ef —Ej =#iFippefer P =107
2wl R
b = = - = - i e, A i -.'_ -
Pr _P:i.:ﬂptnngfet Ponsfr =IF|j.t ITrm = ]Em = ]i:'] I=El'ﬂil'i = ]i:;]gftﬂ L=Iw
: i L‘%}’ﬂm i
ﬁ:f}{-ﬁ ﬁmnsfet =fvjt ﬁf —I:i =£tﬁ.T£ﬁE"[ f=El w =2nf
- F dE dq 1 Q
=y F=3 it P =1a¥ Az, AT
Beqd=t P +dh=0 Breti=amom [[Eedd=2  [[Bead-2 p=Ia
“a suace surface

Under Certain Conditions:

1 1 1
% =Eax[ﬂt}3 $¥oetit 4%, F=pFy FspFy F=-kx KE:EIWE PE =mgy FE =E};'(2'
1 I
By = Em(mf sught + By v =Aoosaft+d) [ o1 .d Eynepy =/ F odf
AR jntemal = C0AT AB jnpema1 = L F=-0 mlglz PoU= —G% F = R_En%z T
I I
. : L
E=k—i =k, 12 Ay =20 R=p— AT = [P
I I q 2
= + = + + ad -+ 2 d‘i‘
F=qv=E {Eedi=p,l T=pxE E=_E

Useful constants: 1 mile=5280 ft, 1km =5/8 mile, g = 9.8 /2 = 32 ft/s?2, 1 cal = 4.2 ],
Re = 4x108 miles, G = 6.7x10-11 NmA/kg?, ko = 9.0 x 109 N?/C2, e = 1.6 x 10-19 C,

m=4px 10" T m/A
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The problemsiin this section can be solved with the gpplication of the kinematics reationships. The problems
are divided into five groups according to the type of motion of the object(s) in the problem: (1) one-
dimensiona motion at a congtant velocity; (2) one-dimensional motion at a congtant acceleration; (3) one-
dimensiona motion, both congtant velocity and congtant acceleration, (4) two-dimensiond (projectile)
motion, and (5) two-dimensiona motion, both constant velocity and constant accel eration.

One-dimensional, Constant Ve ocity

1

Y ou are writing a short adventure story for your English class. In your story, two submarineson a
secret misson need to arrive a aplace in the middle of the Atlantic ocean at the sametime. They Start
out a the same time from pogtions equaly distant from the rendezvous point. They trave at different
veocities but both go in agraight line. Thefirst submarine travels at an average velocity of 20 knvhr
for the first 500 km, 40 krv/hr for the next 500 km, 30 km/hr for the next 500 km and 50 kmv/hr for the
find 500 km. Inthe plot, the second submarineis required to travel a a congtant velocity, so the
cgptain needs to determine the magnitude of that velocity.

It isabeautiful weekend day and, snce winter will soon be here, you and four of your friends decide
to spend it outdoors. Two of your friends just want to relax while the other two want some exercise,
Y ou need some quiet time to sudy. To satisfy everyone, the group decides to spend the day on the
river. Two people will put acanoein the river and just drift downstream with the 1.5 mile per hour
current. The second pair will begin at the same time as the first from 10 miles downsiream. They will
paddle upstream until the two canoes meet. Since you have been canoeing with these people before,
you know that they will have an average velocity of 2.5 miles per hour releive to the shore when they
go againg thisriver current. When the two canoes mest, they will come to shore and you should be
there to meet them with your van. 'Y ou decide to go to that spot ahead of time so you can study while
you wait for your friends. Where will you wait?

It's asunny Sunday afternoon, about 65 °F, and you are waking around Lake Cahoun enjoying the
last of the autumn color. The sdewalk is crowded with runners and walkers. 'Y ou notice arunner
approaching you wearing a tee-shirt with writing on it. Y ou read the first two lines, but are unable to
reed the third and find line before he passes. Y ou wonder, "Hmm, if he continues around the lake, |
bet I'll see him again, but | should anticipate the time when well passagain.” You look a your watch
and itis3:07 p.m. You recal thelakeis 3.4 milesin circumference. Y ou estimate your walking speed
a 3 miles per hour and the runner's speed to be about 7 miles per hour.

Y ou have joined the University team racing a solar powered car. The optima average speed for the
car depends on the amount of sun hitting its solar panels. Y our job isto determine Strategy by
programming a computer to calculate the car' s average speed for aday consisting of different race
conditions. To do thisyou need to determine the equation for the day’ s average speed based on the
car's average speed for each part of thetrip. As practice you imagine that the day’ s race conssts of
some distance under bright sun, the same distance with partly cloudy conditions, and twice that
distance under cloudy conditions. 5.

Because of your technica background, you have been given ajob as a sudent assstant in a Univerdity

research laboratory that has been investigating possible accident avoidance systemsfor oil tankers.
Y our group is concerned about oil spillsin the North Atlantic caused by a super tanker running into an

Page 63



Linear Kinematics Problems

iceberg. The group has been developing a new type of down-looking radar which can detect large
icebergs. They are concerned about its rather

short range of 2 miles. Y our research director has told you that the radar signa travels at the speed of
light which is 186,000 miles per second but once the sgna arrives back at the ship it takes the
computer 5 minutes to process the sgnad. Unfortunately, the super tankers are such huge shipsthat it
takes along time to turn them. Your job is to determine how much time would be available to turn the
tanker to avoid a collison once the tanker detects an iceberg. A typical sailing speed for super tankers
during the winter on the North Atlantic is about 15 miles per hour. Assume that the tanker is heading
directly at an iceberg that is drifting a 5 miles per hour in the same direction that the tanker is going.

The following three problems are mathematicdly equivadent, with different contexts.

6.

Y ou and your friend run outdoors at least 10 miles every day no matter what the wegther (well

amost). Today the temperatureis at a brisk 0 OF with a-20 oF wind chill. Your friend, ared running
fandtic, ingststhat it is OK to run. You agree to this madness as long as you both begin a your house
and end the run at her nice warm house in away that neither of you has to wait in the cold. 'Y ou know
that she runs at avery consistent pace with an average speed of 3.0 m/s, while your average speedisa
conggtent 4.0 m/s. Y our friend finishes warming up first so she can get a head gtart. The planisthat
shewill arrive a her house first so that she can unlock the door before you arrive.  Five minutes later,
you notice that she dropped her keys. If she finishes her run first she will have to stand around in the
cold and will not be happy. How far from your house will you be when you catch up to her if you
leave immediately, run a your usua pace, and don't forget to take her keys?

Because of your technica background, you have been given ajob as a sudent assstant in a University
research laboratory that has been investigating possible accident avoidance systems for automobiles.

Y ou have just begun a study of how bats avoid obstacles. In your study, a bat isfitted with a
transceiver that broadcasts the bats velocity to your instruments. Y our research director has told you
that the signal travels at the speed of light which is 1.0 ft/nanosecond (1 nanosecond is 109 seconds).
Y ou know that the bat detects obstacles by emitting a forward going sound pulse (sonar) which travels
at 1100 ft/sthrough the air. The bat detects the obstacle when the sound pulse reflect from the
obstacle and that reflected pulse is heard by the bat. Y ou are told to determine the maximum amount
of timethat a bat has after it detects the existence of an obstacle to changeits flight path to avoid the
obstacle. In the experiment your instrumentstell you that a bt is flying sraight toward awal a a
congtant velocity of 20.0 ft/s and emits a sound pulse when it is 10.0 ft from the wall.

Y ou have been hired to work in a University research |aboratory asssting in experiments to determine
the mechanism by which chemicals such as aspirin relieve pain. Your task isto cdibrate your detection
equipment using the properties of aradioactive isotope (an atom with an ungtable nucleus) which will
later be used to track the chemical through the body. Y ou have been told that your isotope decays by
firs emitting an eectron and then, some time later, it emits a photon which you know is a particle of
light. 'Y ou set up your equipment to determine the time between the dectron emission and the photon
emission. Your gpparatus detects both el ectrons and photons. Y ou determine that the eectron and
photon from a decay arive at your detector at the same timewhen it is 2.0 feet from your radioactive
sample. A previous experiment has shown that the eectron from this decay travels at one hdf the
gpeed of light. Y ou know that the photon travels at the speed of light which is 1.0 foot per
nanosecond. A nanosecond is 109 seconds.
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One Dimensional, Constant Accderation

9.

10.

11.

12.

13.

You are part of acitizen's group eva uating the safety of a high school athletic program. To help judge
the diving program you would like to know how fast a diver hits the water in the most complicated
dive. The coach has his best diver perform for your group. The diver, after jumping from the high
board, moves through the air with a constant acceleration of 9.8 m/s?. Later in the dive, she passes
near alower diving board which is 3.0 m above the water. With your trusty stop watch, you
determine that it took 0.20 seconds to enter the water from the time the diver passed the lower board.
How fast was she going when she hit the water?

Asyou are driving to school one day, you pass a congtruction site for a new building and stop to watch
for afew minutes. A craneislifting a batch of bricks on a palet to an upper floor of the building.
Suddenly a brick fdls off the risng palet. You clock thetime it takes for the brick to hit the ground at
2.5 seconds. The crane, fortunately, has height markings and you see the brick fell off the palet at a
height of 22 meters above the ground. A faling brick can be dangerous, and you wonder how fast the
brick was going when it hit the ground. Since you are taking physics, you quickly caculate the answer.

Because of your knowledge of physics, and because your best friend is the third cousin of the director,
you have been hired as the assistant technica advisor for the associate stunt coordinator on anew
action movie being shot on location in Minnesota. 1n this exciting scene, the hero pursuesthe villain up
to the top of abungee jumping apparatus. The villain appears trapped but to create a diverson she
drops a bottle filled with a deadly nerve gas on the crowd below. The script calls for the hero to
quickly strap the bungee cord to hisleg and dive sraight down to grab the bottle while it isill inthe
ar. Your job isto determine the length of the unstretched bungee cord needed to make the stunt
work. The hero is supposed to grab the bottle before the bungee cord begins to stretch so that the
dretching of the bungee cord will stop him gently. Y ou estimate that the hero can jump off the bungee
tower with amaximum velocity of 10 ft/sec. straight down by pushing off with his feet and can react to
the villain's dropping the bottle by strgpping on the bungee cord and jumping in 2 seconds.

Y ou are helping afriend devise some chdlenging tricks for the upcoming Twin Cities Freestyle
Skateboard Competition. To plan a series of moves, he needs to know the rate that the skateboard,
with him on board, dows down as it coasts up the competition ramp which isa 30° to the horizontd.
Assuming that thisrate is congtant, you decide to have him conduct an experiment. When heis
traveling as fast as possible on his competition skateboard, he stops pushing and coasts up the
competition ramp. 'Y ou measure that he typicaly goes about 95 feet in 6 seconds. Y our friend weighs
170 Ibs. wearing dl of his safety gear and the skateboard weighs 6 |bs.

Y ou have a summer job working for a University research group investigating the causes of the ozone
depletion in the amosphere. The plan isto collect data on the chemica composition of the atmosphere
as afunction of the distance from the ground using a mass spectrometer |ocated in the nose cone of a
rocket fired verticaly. To make sure the delicate insruments survive the launch, your task isto
determine the acceleration of the rocket before it uses up its fudl. The rocket islaunched straight up
with a congtant acceleration until the fudl is gone 30 seconds later. To collect enough deata, the tota
flight time must be 5.0 minutes before the rocket crashes into the ground.
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One Dimensional, Constant Veocity and Constant Acceleration

14.

15.

16.

17.

18.

Y ou have landed a summer job as the technica assstant to the director of an adventure movie shot
here in Minnesota. The script cals for alarge package to be dropped onto the bed of afast moving
pick-up truck from a helicopter that is hovering above the road, out of view of the camera. The
helicopter is 235 feet above the road, and the bed of the truck is 3 feet abovetheroad. Thetruck is
traveling down the road at 40 miles/hour. 'Y ou must determine when to cue the assgtant in the
helicopter to drop the package so it lands in the truck. The director is paying $20,000 per hour for the
chopper, so he wants you to do this successfully in one take.

Jugt for the fun of it, you and a friend decide to enter the famous Tour de Minnesota bicycle race from
Rochester to Duluth and then to S. Paul. Y ou areriding dong at a comfortable speed of 20 mph
when you see in your mirror that your friend is going to pass you a what you estimate to be a constant
30 mph. You will, of course, take up the chalenge and accelerate just as she passes you until you
pass her. If you accelerate at a constant 0.25 miles per hour each second until you pass her, how long
will she be aheed of you?

In your new job, you are the technica advisor for the writers of a gangster movie about Bonnie and
Clyde. In one scene Bonnie and Clyde try to flee from one state to another. (If they got acrossthe
date line, they could evade capture, at least for awhile until they became Federd fugitives) Inthe
script, Bonnie is driving down the highway a 108 km/hour, and passes a concedled police car that is 1
kilometer from the sate line. The instant Bonnie and Clyde pass the patrol car, the cop pulls onto the
highway and accelerates at a constant rate of 2 m/s2. The writers want to know if they make it across
the state line before the pursuing cop catches up with them.

The Universty Skydiving Club has asked you to plan agtunt for an air show. In this stunt, two
skydivers will step out of opposite Sdes of a stationary hot air balloon 5,000 feet above the ground.
The second skydiver will leave the baloon 20 seconds after the first skydiver but you want them both
to land on the ground at the same time. The show is planned for aday with no wind so assume that al
moation isvertica. To get arough idea of the Stuation, assume that a Skydiver will fal with a congant
acceleration of 32 ft/sec? before the parachute opens. As soon as the parachute is opened, the
skydiver falswith a congtant velocity of 10 ft/sec. If the first skydiver waits 3 seconds after stepping
out of the baloon before opening her parachute, how long must the second skydiver wait after leaving
the balloon before opening his parachute?

Because parents are concerned that children are learning "wrong" science from TV, you have been
asked to be atechnica advisor for a sciencefiction cartoon show on Saturday morning. Inthe plot, a
vicious crimind (Natasha Nogood) escapes from a space station prison. The prison is located
between galaxies far away from any stars. Natasha steds a smal space ship and blasts off to meet her
partners somewhere in degp space. The stolen ship accderatesin adraight line at its maximum
possible acceleration of 30 m/sec2. After 10 minutes dl of the fud is burned up and the ship coasts a
acongant velocity. Meanwhile, the hero (Captain Starr) learns of the escape while dining in the prison
with the warden's daughter (Virginia Lovely). Of course he immediately (as soon as he finishes
dessart) rushes off the recapture Natasha. He gives chase in an identicd ship, which has an identica
maximum acceleration, going in an identica direction. Unfortunately, Natasha has a 30 minute heed
dart. Luckily, Natashds ship did not start with afull load of fud. With hisfull load of fud, Captain
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Starr can maintain maximum acceleration for 15 minutes. How long will it take Captain Starr's ship to
catch up to Natasha's?

Because parents are concerned that children are learning "wrong" science from TV, you have been
asked to be atechnical advisor for anew science fiction show. The show takes place on a space
dation a rest in deep space far away from any sars. Inthe plot, avicious crimind (Alicia Badax)
escapes from the space station prison. Alicia steals asmall space ship and blasts off to meet her
partners somewhere in deep space. If sheisto just barely escape, how long do her partners haveto
trangport her off her ship before sheis destroyed by a photon torpedo from the space station? Inthe
story, the stolen ship accderates in astraight line at its maximum possible accderation of 30 m/sec2.
After 10 minutes (600 seconds) dl of the fuel is burned and the ship coasts a a constant vel ocity.
Meanwhile, the hero of this episode (Mgor Starr) learns of the escape while dining with the Sation's
commander. Of course sheimmediately rushes off to fire photon torpedoes at Alicia. Oncefired, a
photon torpedo travels at a constant velocity of 20,000 m/s. By that time Alicia has a 30 minute
(1800 seconds) head start on the photon torpedo.

Y ou want to vist your friend in Segitle over Winter-quarter break. To save money, you decide to
travel there by train. But you are late finishing your physicsfind, so you arelate in arriving a the train
dation. You run asfast as you can, but just as you reach one end of the platform your train departs,
30 meters ahead of you down the platform. Y ou can run at a maximum speed of 8 m/sand thetrainis
accderating a 1 m/s. You can run dong the platform for 50 meters before you reach a barrier. Will
you catch your train?

Because of your knowledge of physics, you have been assgned to investigate a train wreck between a
fast moving passenger train and adower moving freight train both going in the same direction. You
have statements from the engineer of each train and the stationmaster as well as some measurements
which you make. To check the consistency of each person's description of the events leading up to the
collison, you decide to calculate the distance from the station that the collison should have occurred if
everyone were tdling what realy happened and compare that with the actua position of the wreck
which is 0.5 miles from the gation. In this caculation you decide that you can ignore al reaction times.
Here iswhat you know:

e Thedaionmader clams that she noted that the freight train was behind schedule. As regulations
require, she switched on awarning light just asthe last car of the freight train passed her.

» Thefreight train engineer says he was going a a constant speed of 10 miles per hour.

»  Thepassenger train engineer says she was going a the speed limit of 40 miles per hour when she
approached the warning light. Just as she reached the warning light she saw it go on and
immediatdy hit the brakes.

» Thewarning light islocated so that atrain getsto it 2.0 miles beforeit getsto the Sation.

*  The passenger train dows down at a congtant rate of 1.0 mile per hour for each minute as soon as
you hit the brakes.

DO ONLY THE PROBLEM SOLVING STEPS NECESSARY TO FOCUS THE PROBLEM

AND DESCRIBE THE PHY SICS OF THE PROBLEM. DO NOT SOLVE THIS PROBLEM.
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Two Dimensional, Constant Acceleration (Projectile Motion)

22.

23.

24,

25.

26.

While on avacation to Kenya, you vist the port city of Mombassa on the Indian Ocean. On the coast
you find an old Portuguese fort probably built in the 16th century. Large sonewallsrise verticaly
from the shore to protect the fort from cannon fire from pirate ships. Waking around on the ramparts,
you find the fort's cannons mounted such that they fire horizontally out of holes near the top of the walls
facing the ocean. Leaning out of one of these gun holes, you drop arock which hits the ocean 3.0
seconds later. Y ou wonder how close a pirate ship would have to sail to the fort to be in range of the
fort's cannon? Of course you redlize that the range depends on the velocity that the cannonball leaves
the cannon. That muzzle velocity depends, in turn, on how much gunpowder was loaded into the
cannon.
(& Cdculate the muzzle velocity necessary to hit a pirate ship 300 meters from the base of the fort.
(b) To determine how the muzzle velocity must change to hit ships a different positions, make a graph
of horizonta distance traveled by the cannonbdl (range) before it hits the ocean as a function of
muzzle velocity of the cannonbdl for thisfort.

Because of your knowledge of physics, you have been hired as a consultant for a new James Bond
movie, "Oldfinger". In one scene, Bond jumps horizontally off the top of adliff to escape avillain. To
make the stunt more dramatic, the cliff has a horizontd ledge a distance h beneeth the top of the dliff
which extends a distance L from the vertical face of the cliff. The stunt coordinator wants you to
determine the minimum horizontal peed, in terms of L and h, with which Bond must jump so that he
misses the ledge.

Y ou are on the target range preparing to shoot a new rifle when it occurs to you that you would like to
know how fast the bullet leaves the gun (the muzzle velocity). Y ou bring the rifle up to shoulder level

and am it horizontaly at the target center. Carefully you squeeze off the shot at the target which is 300
feet avay. When you collect the target you find that your bullet hit 9.0 inches below where you aimed.

Y ou have agreat summer job working on the specid effects team for a Minnesota movie, the sequed to
Fargo. A body is discovered in afield during the fall hunting season and the sheriff begins her
investigation. One suspect is a hunter who was seen that morning shooting his rifle horizontdly in the
samefidd. Heclamshewas shooting at a deer and missed. Y ou are to design the “flashback” scene
which shows his verson of firing the rifle and the bullet kicking up dirt where it hitsthe ground. The
shexiff later finds a bullet in the ground.  She tests the hunter’ srifle and finds the vel ocity thet it shoots a
bullet (muzzle velocity). In order to satisfy the nitpickers who demand that movies be redidtic, the
director has assgned you to caculate the distance from the hunter that this bullet should hit the ground
asafunction of the bullet’s muzzle velocity and therifle s height above the ground.

The Minnegpoalis Police Department has hired you as a consultant in arobbery investigation. A thief
alegedly robbed abank inthe IDS Crystd Court. To escape the pursing security guards, the thief
took the express devator to the roof of the IDStower. Then, in order to not be caught with the
evidence, she dlegedly threw the money bag to a waiting accomplice on the roof of Dayton's, which is
just to the west of the IDS tower (they are separated by the Nicollet Mdl). The defense attorney
contends that in order to reach the roof of Dayton's, the defendant would have had to throw the money
bag with aminimum horizonta velocity of 10 meters/second. But in atest, she could throw the bag
with a maximum velocity of no more than 5 meters/second. How will you advise the prosecuting
attorney? Y ou determine that he IDS tower is 250 meters high, Dayton'sis 100 meters high and the
Mall is 20 meters wide.
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Y ou are watching people practicing archery when you wonder how fast an arrow is shot from a bow.
With aflash of ingght you remember your physics and see how you can easily determine what you
want to know by a smple measurement. Y ou ask one of the archersto pull back her bow string asfar
as possible and shoot an arrow horizontally. The arrow strikes the ground at an angle of 86 degrees
from the vertical at 100 feet from the archer.

Y ou read in the newspaper that rocks from Mars have been found on Earth. Y our friend says thet the
rocks were shot off Mars by the large volcanoes there. Y ou are skeptical so you decide to calculate
the magnitude of the velocity that vol canoes gect rocks from the geologica evidence. Y ou know the
gravitationa acceleration of objects fdling near the surface of Marsis only 40% that on the Earth. You
assume that you can look up the height of Martian volcanoes and find some evidence of the distance
rocks from the volcano hit the ground from pictures of the Martian surface. If you assume the rocks
farthest from a volcano were gected a an angle of 45 degrees, what is the magnitude of the rock’s
veocity as afunction of its distance from the volcano and the height of the volcano for the rock furthest
from the volcano?

Watching the world series (only as an example of physicsin action), you wonder about the ability of
the catcher to throw out a base runner trying to steal second. Suppose a catcher is crouched down
behind the plate when he observes the runner bresking for second. After he gets the bal from the
pitcher, he throws as hard as necessary to second base without standing up. If the catcher throws the
bal at an angle of 30 degrees from the horizonta so that it is caught at second base a about the same
height asthat catcher threw it, how much time doesiit take for the bl to travel the 120 feet from the
catcher to second base?

Because of your physics background, you have been hired as a consultant for a new movie about
Gdileo. In one scene, he climbs up to the top of atower and, in frustration over the people who
ridicule his theories, throws arock a a group of them standing on the ground. The rock leaves his
hand a 30° from the horizonta. The script calls for the rock to land 15 m from the base of the tower
near agroup of his detractors. It isimportant for the script that the rock take precisely 3.0 secondsto
hit the ground so that there istime for agood expressive close-up. The set coordinator is concerned
that the rock will hit the ground with too much speed causing cement chips from the plaza to injure one
of the high priced actors. Y ou aretold to calculate that speed.

Tramping through the snow this morning, you were wishing that you were not here taking this test.
Instead, you imagined yoursdlf Stting in the Horida sun watching winter league softbal. Y ou have had
basebdl on the brain ever since the Twins actualy won the World Series. One of the fielders seems
very impressve. Asyou waich, the baiter hits alow outside ball when it is bardly off the ground. It
looks like a home run over the left center field wall which is 200 ft from home plate. As soon asthe
left fielder seesthe bdl being hit, she runsto the wall, legps high, and catches the bal just asit barely
clearsthetop of 10 ft high wall. You esimate that the ball |eft the bat at an angle of 30°. How much
time did the fielder have to react to the hit, run to the fence, and legp up to make the catch ?

You are gill amember of a citizen's committee investigating safety in the high school sports program.
Now you are interested in knee damage to athletes participating in the long jump (sometimes cdled the
broad jump). The coach has her best long jumper demonstrate the event for you. He runs down the
track and, at the take-off point, jumpsinto the air at an angle of 30 degrees from the horizonta. He
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35.

36.

37.

comes down in asand pit a the same leve asthe track 26 feet away from his take-off point. With
what velocity (both magnitude and direction) did he hit the ground?

In your new job, you are helping to design stunts for anew movie. In one scene the writers want a car
to jJump across a chasm between two dliffs. The car is driving dong a horizonta road when it goes
over one cliff. Acrossthe chasm, which is 1000 feet deep, is another road at alower height. They
want to know the minimum value of the speed of the car so that it does not fal into the chasm. They
have not yet sdlected the car so they want an expression for the speed of the car, v, in terms of the
car's mass, m, the width of the chasm, w, and the height of the upper road, h, above the lower road.
The stunt director will plug in the actual numbers after a car is purchased.

Y our friend has decided to make some money during the next State Fair by inventing a game of kill
that can be ingtaled in the Midway. In the game as she has developed it so far, the customer shoots a
riflea a5.0 cm diameter target faling sraight down. Anyone who hits the target in the center winsa
suffed animal. Each shot would cost 50 cents. The rifle would be mounted on a pivot 1.0 meter
above the ground o that it can point in any direction a any angle. When shooting, the customer
stands 100 meters from where the target would hit the ground if the bullet misses. At the indtant that
the bullet leaves therifle (with amuzzle velocity of 1200 ft/sec according to the manud), the target is
released fromits holder 7.0 meters above the ground. Y our friend asks you to try out the game which
she has st up on afarm outsde of town. Before you fire the gun you caculate where you should aim.

Y ou have a summer job with an insurance company and have been asked to help with the investigation
of atragic "accident." When you visit the scene, you see aroad running straight down a hill which has
adope of 10 degreesto the horizonta. At the bottom of the hill, the road goes horizontdly for avery
short distance becoming a parking lot overlooking a cliff. The cliff hasavertical drop of 400 feet to
the horizontal ground below where acar iswrecked 30 feet from the base of the dliff. Wasit possble
that the driver fell adeep a the whed and smply drove over the dliff? After looking pensive, your boss
tells you to caculate the speed of the car asit |eft the top of the cliff. She reminds you to be careful to
write down al of your assumptions so she can evauate the gpplicability of the calculation to this
Stuation. Obvioudy, she suspects foul play.

Y ou have a summer job with an insurance company and have been asked to help with the investigation
of atragic "accident.” When you visit the scene, you see aroad running straight down a hill which hes
adope of 10 degreesto the horizontal. At the bottom of the hill, the road goes horizontaly for a very
short distance becoming a parking lot overlooking a diff. The diff hasavertical drop of 400 feet to
the horizontal ground below where a car iswrecked 30 feet from the base of the cliff. The only
witness clams that the car was parked on the hill, he can't exactly remember where, and the car just
began coasting down the road. He did not hear an engine so he thinks that the driver was drunk and
passed out knocking off his emergency brake. He remembers that the car took about 3 seconds to get
down the hill. 'Y our boss drops a stone from the edge of the cliff and, from the sound of it hitting the
ground below, determines that it takes 5.0 seconds to fall to the bottom. After looking pensive, she
tells you to caculate the car's average accel eration coming down the hill based on the statement of the
witness and the other factsin the case. She reminds you to be careful to write down dl of your
assumptions so she can eva uate the gpplicability of the caculation to this Stuation. Obvioudy, she

suspects foul play.

Y our group has been selected to serve on a citizen's pand to evauate anew proposa to search for life
on Mars. On this unmanned misson, the lander will leave orbit around Mars fdling through the
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atmosphere until it reaches 10,000 meters above the surface of the planet. At that time a parachute
opens and takes the lander down to 500 meters. Because of the possibility of very strong winds near
the surface, the parachute detaches from the lander at 500 meters and the lander fals fredy through the
thin Martian atmosphere with a constant acceleration of 0.40g for 1.0 second. Retrorockets then fire
to bring the lander to a softly to the surface of Mars. A team of biologists has suggested that Martian
life might be very fragile and decompose quickly in the hegt from thelander. They suggest that any
search for life should begin at least 9 meters from the base of the lander. This biology team has
designed a probe which is shot from the lander by a spring mechanism in the lander 2.0 meters above
the surface of Mars. To return the data, the probe cannot be more than 11 meters from the bottom of
the lander. Combining the data acquisition requirements with the biologica requirements the team
designed the probe to enter the surface of Mars 10 meters from the base of the lander. For the probe
to function properly it must impact the surface with avelocity of 8.0 m/s a an angle of 30 degrees from
the vertical. Can this probe work as designed?

Y ou have been hired as atechnica consultant for anew action movie. The director wants ascenein
which a car goes up one side of an open drawbridge, legps over the gap between the two sides of the
bridge, and comes down safely on the other Sde of the bridge. This drawbridge opensin the middle
by increasing the angle that each sde makes with the horizonta by an equa amount. The director
wants the car to be stopped at the bottom of one side of the bridge and then accelerate up that Side in
an amount of time which will dlow for al the necessary dramatic camerashots. He wants you to
determine the necessary congtant acceleration as a function of that time, the gap between the two sides
of the open bridge, the angle that the Side of the open bridge makes with the horizonta, and the mass
of the car.

Two Dimensional, Constant Velocity and Constant Acceleration

Thefollowing three problems have a very unfamiliar contexts.

39.

40.

You are gtting in front of your TV waiting for the World Series to begin when your mind wanders.

Y ou know that the image on the screen is created when eectrons strike the screen which then gives off
light from that point. Inthefirs TV sets, the dectron beam was moved around the screen to make a
picture by passng the e ectrons between two parallel sheets of meta called eectrodes. Beforethe
electrons entered the gap between the eectrodes, which deflect the beam verticaly, the eectrons had
aveocity of 1.0 x 106 m/s directly toward the center of the gap and toward the center of the screen.
Each electrode was 5.0 cm long (direction the eectron was going), 2.0 cm wide and the two were
separated by 0.5 cm. A voltage was applied to the e ectrodes which caused the eectrons passing
between them to have a constant acceleration directly toward one of the eectrodes and away from the
other. After the eectrons left the gap between the electrodes they were not accelerated and they
continued until they hit the screen. The screen was 15 cm from the end of the electrodes. What
vertica eectron acceleration between the eectrodes would be necessary to deflect the electron beam
20 cm from the center of the screen?

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

Y ou have asummer job in the cancer thergpy division of a hospita. This hospital trests cancer by

hitting the cancerous region with high energy protons using amachine called a cyclotron. When the
beam of protons leaves the cyclotron it is going a a constant velocity of 0.50 the speed of light. You
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arein charge of deflecting the beam so it hitsthe patient. This deflection is accomplished by passing
the proton beam between two pardld, flat, high voltage (HV) dectrodes which have alength of 10
feet in the entering beam direction. Initidly the beam entersthe HV region going pardld to the surface
of the electrodes. Each electrode is 1 foot wide and the two electrodes are separated by 1.5 inches of
very good vacuum. A high voltage is applied to the dectrodes so that the protons passing between
have a constant acceleration directly toward one of the electrodes and away from the other electrode.
After the protons leave the HV region between the plates, they are no longer accelerated during the
200 feet to the patient. Y ou need to deflect the incident beam 1.0 degreesin order to hit the patient.
What magnitude of acceleration between the plates is necessary to achieve this deflection angle of 1.0
degree between the incident beam and the beam leaving the HV region? The speed of light is 1.0 foot
per nanosecond

(1 ft/(10° s=0)).

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.

Y ou have asummer job as an assgtant in a University research group that is designing adeviseto
sample atmospheric pallution. In thisdevisg, it is useful to separate fast moving ions from dow moving
ones. To do thistheions are brought into the device in anarrow beam o that dl of the ions are going
in the same direction. Theion beam then passes between two pardld metd plates. Each plateis 5.0
cm long, 4.0 cm wide and the two plates are separated by 3.0 cm. A high voltage is gpplied to the
plates causing the ions passing between them to have a constant acceleration directly toward one of the
plates and away from the other plate. Before the ions enter the gap between the plates, they are going
directly toward the center of the gap pardld to the surface of the plates. After theions leave the gap
between the plates, they are no longer accelerated during the 50 cm journey to the ion detector. Y our
boss asks you to cdculate the magnitude of acceleration between the plates necessary to separate ions
with aveocity of 100 m/s from those in the beam going 1000 nv/s by 2.0 cm?

Page 72



Force Problems

The problems in this section can be solved with the application of Newton's Laws of Motion. The problems
are divided into four groups. (1) linear acceeration, 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 a new kinetic sculpture. The basic concept isto
balance 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 celling by a string attached
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 also has a 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 string, the
25 |b object will remain sationary during the time that the 10 and 15 Ib objects are accelerating. DO
NOT SOLVE THE PROBLEM.

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

Tension, Weight: You have been hired to design the interior of a gpecial executive express eevator
for anew office building. Thisdevator has al the latest safety features and will stop with an
acceleration of g/3 in case of any emergency. The management would like a decorative lamp hanging
from the unusudly high ceiling of the devator. 'Y ou design alamp which has three sections which hang
one directly below the other. Each section is attached to the previous one by a single thin wire which
aso carries the dectric current. The lamp is dso atached to the ceiling by asingle wire. Each section
of thelamp weighs 7.0 N. Because the ideais to make each section gppear that it isfloating on air
without support, you want to use the thinnest wire possible. Unfortunatdly the thinner the wire, the
weeker itis. To determine the thinnest wire that can be used for each stage of the lamp, calculate the
force on each wire in case of an emergency stop.

Y ou are investigating an devator accident which hgppened in atal building. An devator in this building
is attached to a strong cable which runs over a pulley attached to astedl support in theroof. The other
end of the cable is attached to ablock of metal caled a counterweight which hangs fredy. An dectric
motor on the Sde of the elevator drives the eevator up or down by exerting aforce on the side of the
elevator shaft. Y ou suspect that when the elevator was fully loaded, there was too large aforce on the
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motor . A fully loaded devator a maximum capacity weighs 2400 Ibs. The counterweight weighs

1000 Ibs. The devator dways starts from rest at its maximum acceleration of g/4 whether it is going

up or down.

(& What force doesthewall of the evator shaft exert on the motor if the elevator starts from rest
and goes up?

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

5. Tenson, Weight: An artig friend of yours wants your opinion of hisideafor anew kinetic sculpture,
The basic concept is to balance 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
caling by astring attached to its center. Another string passes over this pulley. One end of this string
is attached to a 25-1b object while the other supports another pulley at its center. This second pulley
aso has a string passing over it with one end attached to a 10-Ib object and the other to a 15-1b
object. Your friend hasnt quite figured out the rest of the sculpture but wants to know if, ignoring the
mass of the pulley and gtring, the 25-1b object will remain gationary during the time that the 10-1b and
15-1b objects are accelerating.

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 ajob
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 astraight
horizontal track at 20 mph. He hasjust snuck on thetrain asit passed over alake so heiswearing 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 vertica 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 a the controls of the locomoative trying to stop the
train. To add to the suspense, the brakes have been locked by the villain. 1t will take her 10 seconds
to openthelock. To her horror, she sees the hero's fingers give way before she can get the lock off.
Since sheisthe brains of the ouitfit, 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's life. The movie company wants to know what minimum acceleration is
necessary to perform this stunt. The hero weighs 180 Ibs. in his wet suit. The locomotive weighs 100
tons. You look in abook giving the properties of materids and find that the coefficient of kinetic
friction for rubber on sted s 0.50 and its coefficient of Static friction is 0.60.

7. Weight, Normal, Friction: While working in amechanica dructures laboratory, your boss assgns
you to test the strength of ropes under different conditions. Y our test set-up conssts of two ropes
attached to a 30 kg block which dides on a’5.0 m long horizontal table top. Two low friction, light
weight pulleys are mounted at opposite ends of the table. Onerope is attached to each end of the 30
kg block. Each of these ropes runs horizontaly over adifferent 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 ropeis
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 a
mechanism that is released when the test begins so, that the block is acceerating during the test.
During this test, what is the force exerted on the rope supporting the 12 kg block?
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Linear Acceleration, Force Components

8.

10.

11.

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

Tension, 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
measure that the hill is at an angle of 30° with respect to the horizonta, and the coefficient of kinetic
friction between alog and the hill is0.90. When pulling alog up the hill, you will make sure thet the
rope stays paralld to the surface of the hill and the accdleration of the log is never more than 0.80 nV/s2,
How strong a rope should you buy?

Tension, Weight, Normal, Friction: Y ou have taken asummer job a awarehouse and have
designed a method to help get heavy packages up a15° ramp. Inyour system a packageis atached
to arope which runs pardld to the ramp and over apulley at the top of the ramp. After passing over
the pulley the other end of the rope is attached to a counterweight which hangs straight down. In your
design the mass of the counterweight is dways adjusted to be twice the mass of the package. Y our
boss isworried about this pulley system. In particular, sheis concerned that the package will be too
difficult to handle a the top of the ramp and tells you to cdculate its accdleration. To determine the
influence of friction between the ramp and the package you run sometests. Y ou find that you can push
a 50 kg package with a horizontal force of 250 Newtons a a constant speed dong aleve floor made
of the same materid 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 possessions. You aso decide to take your car with you by
towing it behind the truck. The indructions you get with the truck tells you that the maximum truck
weight when fully loaded is 20,000 Ibs. and that the towing hitch that 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. Y ou begin to worry if the
hitch is strong enough. Then you remember that you can push your car and can easily keep it moving
at acongant velocity. You know that air resstance will increase as the car goes faster but from your
experience you esimate that the sum of the forces due to air resistance and friction on the car is not
more than 300 |bs. If the largest hill you have to go up is doped a 10° from the horizontd, whet isthe
maximum acceleration you can safdy 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.
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12.

13.

14.

Weight, Normal, Friction: Because of your physics background, you have been able to get ajob
with acompany devisng stunts for an upcoming adventure movie being shot in Minnesota. Inthe
script, the hero has been fighting the villain on the top of the locomoative of atrain going down astraight
horizonta track at 20 mph. He has just 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 front face doped at 20° from the vertica o that
the bottom of the front is more forward that the top. Now the villain ssomps on the hero's fingers so he
will beforced to let go and dip down the front of the locomotive and be crushed under its whedls,
Meanwhile, the hero's partner is at the controls of the locomoative trying to stop thetrain. To add to
the suspense, the brakes have been locked by the villain. 1t will take her 10 seconds to open the lock.
To her horror, she sees the hero's fingers give way before she can get the lock off. Since sheisthe
brains of the ouitfit, 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 stunt. The hero weighs 180 Ibs. in hiswet suit. The locomotive weighs 100 tons. You
look in abook giving the properties of materials and find that the coefficient of kinetic friction for
rubber on stedl is 0.50 and its coefficient of Setic friction is 0.60.

Gravitational: Y ou have been hired as a consultant for the new Star Trek TV series to 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 consigts of four identical 3 x 1020 kg asteroids configured so that each is at the
corner of asquare 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 caculate the acceleration of one
of the agteroids in the proposed configuration. Make sure you give both the magnitude and the
direction of the acceleration.

Gravitational: Because the movie industry istrying to make the technica details of movies as correct
as possible, you have been made a member of a pand reviewing the details of a new sciencefiction
soript. Although neither astronomy nor navigation is your field, you are disturbed by one scenein which
a space 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. Asthe commander looksin the viewer, she seesthe Earth
straight ahead and the Moon off to the left at an angle of 300. The line between the centers of the
Moon and Earth is a right anglesto the initid path of the space ship. Under these conditions you don't
think the ship will continue heading toward the Earth, so you caculate the component of its acceeration
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 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 universa
gravitational congtant (6.7 x 1011 N m/kgR). Asafirst approximation, you decide to neglect the effect
of the Sun and the other planetsin the solar system. Y ou guess that a space ship such as described in
the script might have a mass of about 100,000 kg.
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No Acceleration (a= 0), No Force Components

15.

16.

17.

18.

Weight - Buoyancy, Normal, Friction, Electric: The quarter isamost over so you decide to have
apaty. To add atmosphere to your otherwise drab apartment, you decide to decorate with balloons.
Y ou buy about fifty and blow them up so that they are dl Sitting on your carpet. After putting most of
them up, you decide to play with the few balloons Ieft on the floor. Y ou rub one on your sweater and
find that it will "stick” to awadl. Ah ha, you know immediately that you are observing the dectric force
in action. Sinceit will be some time before you guests arrive and you have dready made the onion dip,
you decide to caculate the minimum dectric force of the wal on the baloon. Y ou know that the air
exerts a net upward force (the "buoyant” force) on the balloon which makesit dmost float. You
measure that the weight of the balloon minus the buoyant force of the air on the baloon is 0.05 |b. By
reading your physics book, you estimate that the coefficient of tatic friction between thewal and the
balloon (rubber and concrete) is 0.80.

Tension, Weight, Electric: While working in aUniversty research |aboratory you are given the job
of testing a new device for precisely measuring the weight of smal objects. The device congsts of two
very light strings attached a one end to a support. An object is attached to the other end of each
string. The strings are far enough gpart so that objects hanging on them don’t touch. One of the
objects has avery accuratdly known weight while the other object is the unknown. A power supply is
dowly turned on to give each object an dectric charge which causes the objects to dowly move away
from each other (repel) because of the ectric force. When the power supply is kept at its operating
vaue, the objects come to rest at the same horizonta leve. At that point, each of the strings supporting
them makes a different angle with the vertical and that angle is measured. To test the device, you want
to caculate the weight of an unknown sphere from the measured angles and the weight of aknown
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 verticd. The unknown sphere's string makes an angle of 20.0° with
the verticd.

Gravitational: You are writing a short sciencefiction tory 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. Transplanetary Tours promises tour participants a certificate to
commemorate their passage from the stronger influence of the Earth's gravitationa pull to the stronger
gravitationd pull of the moon. To finish the story, you need to figure out where on the trip you should
award the certificate. Inyour 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 108 km), the radius of the Moon (1.7 x 103 km), and the universal gravitational constant (6.7 x
1011 N e/kep).

Gravitational: 'Y ou have been hired as a consultant for the new Star Trek TV series to make sure
that the science in the show is correct. In this episode, the crew of the Enterprise goesinto standard
orbit around a newly discovered planet. The plot requires that the planet is hollow and contains the
underground cities of alogt civilization. From orhbit the science officer determines that the radius of the
planer is 1/4 (one-fourth) that of Earth. The first officer beams down to the surface of the planet and
measures that hisweight is only 1/2 (one-hdf) of hisweight on Earth. How does the mass of this
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19.

planet compare with the mass of the Earth? If it were hollow, its density would be |ess than Earth.
Are the measurements congstent with a hollow planet?

Gravitational, Electric: You and afriend are reading a newspaper article about nuclear fusion
energy generation in stars. 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 redlize that you don't 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 poditive. Neutrons you know are neutral. Why, you ask your friend, don't the
protons smply repd 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 keepsit together, she says. Her
modd isthat the two neutrons St in the center of the nucleus and gravitationdly attract the two protons.
Since the protons have the same charge, they are always as far apart as possible on opposite sides of
the neutrons. What mass would the neutron have if thismode of the hdium nucleusworks? Isthat a
ressonable 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 ahelium nucleusis 3.0 x 1013 cm.

No Acceleration (a = 0), Force Components

20.

21.

22.

Tension, Weight, Friction: You are taking advantage of an early snow to go dedding. After along
afternoon of going up and down hills with your ded, you decide it istimeto go home. Y ou are thankful
that you can pull your ded without dimbing 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 onthe ded is. Y ou estimate that you are pulling on the rope with a 2 pound force, that the
ded weighs 10 pounds, and that the rope makes an angle of 25 degreesto the level ground.

Human, Weight, Normal, Friction: You are helping afriend move into anew apartment. A box

weighing 150 |bs. 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 horizonta. The coefficient of gatic friction

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

floor is0.30.

(@ If you wart 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 horizontal. How hard would you push to
keep the box moving across the floor?

Human, Weight, Normal, Friction: You are hdping an investigation of back injuriesin the
condtruction industry. 'Y our assgnment is to determine why there is a corrdaion 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 as a box,
across the floor they tend to lean down and push at an angle to the horizontal. Taler people push a a
larger angle with respect to the horizontal than shorter people. To present your ideas to the rest of the
research team, you decide to calculate the force a 200-Ib box exerts on a 150-1b person when they
push it across atypica floor at a constant velocity of 7.0 ft/s as a function of the angle with respect to
the horizontd a which the person pushes the box. Once you have your function, you will use angles of
09, 100, 200, 30°, and 40° to make a graph of the result for the presentation. One of your coworkers
tells you that atypica coefficient of static friction between abox 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).
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24,

Force Problems

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 scul pture high over the room by hanging it from
the calling using thin, clear fishing line (dring) so that it will be difficult to see how the sculptureis held
up. Theonly place to fasten the fishing line is to awooden beam which runs around the edge of the
room at the celling. The fishing line that she wantsto use will hold 20 Ibs. (20-1b test) so she suggests
attaching two lines to the sculpture to be safe. Each line would come from the opposite Sde of the
ceiling to atach to the hanging sculpture. Her initid design has one line making an angle of 20° with the
calling and the other line making an angle of 40° with the celling. She knows you took physics, so she
asksyou if her design can work.

Electric, Weight, Tension: While working in a University research |aboratory you are given the job
of testing a new device, caled an eectrodatic scae, for precisdly measuring the weight of small
objects. The deviceisquitesmple. It congsts 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 string. One of
the objects has a very accurately known weight while the other object is the 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 iskept at its
operaing vaue, the objects come to rest at 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 2.00000 N supported

by a string which makes an angle of 10.00° with the vertica. The unknown sphere's string makes an
angle of 20.000 with the verticdl.
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Force and Linear Kinematics

The following problems reguire both Newton's Laws of Mation and one or more kinemeatics relationship for
asolution. The specific types of forces involved in a problem (e.g., human push or pull, tension, normd,
weight, friction, gravitationd, electric) are indicated in bold type at the beginning of each problem.

25.

26.

27.

28.

29.

Weight, Normal: While driving in the mountains, you notice thet 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 designed to stop trucks and cars that lose
their breaks on the downhill stretches of the freeway even if theroad iscoveredinice. You are
curious, S0 you stop at the next emergency road. Y ou estimate that the road rises at an angle of 10°
from the horizontal and is about 100 yards (300 ft) long. What is the maximum speed of atruck that
you are sure will be stopped by this road, even if the frictiond force of the road surface is negligible?

Weight, Normal: While driving in the mountains, you notice thet 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 carsthat lose
their breaks on the downhill stretches of the freeway even if theroad iscovered inice. You wonder at
what angle from the horizontal an emergency exit should rise to stop a 50 ton truck going 70 mph up a
ramp 100 yards (300 ft) long, even if the frictiond force of the road surfaceis negligible.

Weight, Normal: You and afew friends have decided to open asmdl business caled Wee Déliver.
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 distribution center, boxes dide down aramp between the ddivery
areaand the sorting area. In designing the distribution center, you must determine the angle this ramp
should have with the horizontal so that a 500-Ib 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. Y ou decide that this speed should be 10 ft/s. Using the
latest technology, your ramp will have avery dippery surface so you make the gpproximation thet the
frictiond force between the ramp and the box can be neglected.

Weight, Normal: You are watching a ski 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 horizonta section which ends abruptly so that the skier
goesinto theair. You 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 estimate of the height of
the starting gate at the top of the ramp from the horizontal section from which the skier takes off into
thear. Make clear on what assumptions your answer depends (thisiswhy it is an estimate).

Weight, Normal, Friction: Y ou are passing a congtruction 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 left a
large concrete block resting at the top of awooden ramp. As soon as their backs are turned, the
block beginsto dide down the ramp. You quickly clock the time for the block to reach the bottom of
the ramp at 10 seconds. Y ou wonder how long the ramp is. Y ou estimate that the ramp is at an angle
of about 20° to the horizontal. In your physics book you find that the coefficient of kinetic friction
between concrete and wood is 0.35.
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31

32.

33.

Force and Linear Kinematics Problems

Weight, Normal, Friction: You have asummer job & a company that specidizesin the design of
sports facilities. 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 horizonta and covered with athick coat of ice.
Y our task isto determine the refrigeration requirements which gives best temperature for theice. You
have a table which gives the coefficient of atic and kinetic friction between ice and the sandard 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 goes5.0 m, a
puck has a speed which is 90% of the gpeed with which it left the hockey stick. A puck typicdly hasa
gpeed of 20 kmvhr when it leaves the hockey stick for a pass.

Weight, Normal, Friction: You and some friends visit the Minnesota State Fair and decide to play a
game on the Midway. To play the game you must dide ametal hockey-type puck up awooden ramp
so that it drops through a hole at the top of the ramp. Your prize, if you win, isalarge, 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 recall the coefficient of dtatic 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 isabout 2.5 Ibs. Y ou decide to impress your friends by diding the puck at the precise speed
onthefirg try so astoland it in the hole. Y ou dide the puck at 8.0 ft/sec. Do you win the stuffed
poodle?

Weight, Normal, Tension, Friction: Findly you are leaving Minnegpolis to get afew days of Spring
break, but your car breaks down in the middle of nowhere. A tow truck weighing 4000 |bs. comes
along and agreesto tow your car, which weighs 2000 |bs,, to the nearest town. The driver of the truck
attaches his cable to your car a an angle of 20° to the horizontd. Hetdlsyou thet his cable hasa
strength of 500 Ibs. He plansto take 10 seconds to tow your car at a constant acceleration from rest
in agraight line dong the flat road until he reaches the maximum speed 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 ralling friction between your tires and the road is 0.10.

Weight, Normal, Friction: While vigting afriend in San Francisco you decide to drive around the
city. You turn acorner and are driving up asteep hill. Suddenly, asmal boy runs out on the Street
chasng abal. You dam on the brakes and skid to a stop leaving a 50 foot long skid mark on the
dreet. The boy camly walks away but a policeman watching from the sdewak walks over and gives
you aticket for speeding. You are till 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 Stuation more closdly.

Y ou determine that the street makes an angle of 20° with the horizontal and that the coefficient of Satic
friction between your tires and the street is0.80. Y ou a0 find that the coefficient of kinetic friction
between your tires and the street 1S 0.60. Y our car's information book tells you that the mass of your
caris1570 kg. Youweigh 130 Ibs. Witnesses say that the boy had aweight of about 60 |bs. and
took 3.0 seconds to cross the 15 foot wide street. Will you fight the ticket in court?

Weight, Lift, Thrugt, Drag: One morning while waiting for classto begin, you are reading a
newspaper article about airplane safety. This article emphasizes the role of meta fatigue in recent
accidents. Metd fatigue results from the flexing of airframe parts in 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 30° with a constant
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acceleration to reach its cruising dtitude of 30,000 feet with a speed of 500 mph. Thethreejet
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
their surface cadled "lift." Y ou know thet air resstance is also a very important force on aplaneand is
in the direction opposite to the velocity of the plane. The aticletdlsyou thisforceis called the "drag.”
Although the reporter writes that some metd fatigueis primarily caused by the lift and some by the
drag, she never tdlsyou their Sze for her example plane. Luckily the article contains enough
information to calculate them, so you do.
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Force and Circular Motion at a Constant Speed

The problems in this section require the gpplication of Newton's Laws of Motion aswell as the relaionships
between speed, frequency, and radia acceleration for circular motion a a constant speed. The problems are
divided into two groups. (1) No radia force components required for solution; and (2) Radid force
components required for solution. The specific types of forces involved in aproblem (e.g., tenson, normd,
weight, friction, gravitationd, electric) 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. Shelovesto ride on a Ferriswhed, and
thereis one at the amusement park. The Ferriswhed has seats on the rim of a circle with 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 amass of 42 kg, rides the Ferriswhed. To kill time you
decide to caculate the totd force (both magnitude and direction) on her when sheis one quarter
revolution past the highest point. Because the Ferriswhed can be run at different speeds, you dso
decide to make a grgph which gives the magnitude of the force on her at that point as a function of the
period of the Ferriswhedl.

Weight, Normal: While rdaxing from studying physcs, you watch some TV. Whileflipping through
channdls you see a circus show in which awoman drives a motorcycle around the ingde of averticd
ring. Y ou 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 sheisgoing at the minimum speed for this stunt to work, the
motorcycleisjust barely touching the ring when she is upside down at thetop. At that point sheisin
freefdl so her accderationisjust g. Shejust makesit around without falling off the ring but what if she
made amistake and her motorcycle fdll off at 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 astechnicd advisor for anew "James
Bond" film. The scene cdlsfor 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 pooal filled with hungry sharks. Y ou must determine a safe rate of rotation such that
the sunt 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. (Actualy they are mechanical sharks, but the audience doesnt
know that.) Y ou measure the diameter of the merry-go-round as 50 meters. Y ou determine that the
coefficient of gatic friction between 007's shoes and the merry-go-round surface is 0.7 and the
coefficient of kinetic frictionis 0.5.

Weight, Normal, Friction: A new package moving system in the new, improved post office congsts
of alarge circular disc (i.e. aturntable) which rotates once every 3.0 seconds at a constant speed in
the horizontal plane. Packages are put on the outer edge of the turntable on one side of the room and
taken off on the opposite Sde. The coefficient of dtatic friction between the disc surface and a
package is 0.80 while the coefficient of kinetic friction is 0.60. If this system isto work, what isthe
maximum possible radius of the turntable?
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40.

41.

42.

Weight, Normal, Friction: You are driving with afriend who is Sitting to your right on the passenger
sde 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
30 asto make your friend dide closer to you? If the coefficient of atic friction between your friend
and the seat of the car 1s0.40, and you drive a a constant speed of 18 m/s, what is the maximum
radius you could make your turn and still have your friend dide your way?

Weight, Normal, Friction: On atrip through Horida, you find yoursdf driving in your 3000-1b car
aong aflat level road at 50 mph. The road makes a turn which you take without changing your speed.
The curve is gpproximately an arc of a circle with aradius of 0.05 miles. Y ou notice that the curve is
flat and leve with no sgn of banking. There are no warning signs but you wonder if it would be sefe to
try to go 50 mph around the curve in the rain when the wet surface has alower coefficient of friction.
What is the minimum coefficient of dtatic friction between the road and your car's tires which will dlow
your car to make the turn?

Weight, Tension: After watching the movie "Crocodile Dundeg," you and some friends decide to
make a communications device invented by the Austrdian Aborigines. 1t congsts of anoise-maker
swvung in avertica circle on the end of adring. Your design cdlsfor a400 gram noise-maker on a 60
cm gtring. Y ou are worried about whether the string you have will be strong enough, so you decide to
caculate the tenson in the string when the device is swung with an accderation which has a congtant
magnitude of 20 m/s? . Y ou and your friends can't agree whether the maximum tension will occur
when the noise maker is at the highest point in the circle, a the lowest point in the circle, or isadways
the same. To settle the argument you decide to calculate the tension at the highest point and at the
lowest point and compare them.

You arewatching a TV news program when they switch to some scenes taken aboard the space
shuttlewhich circles 500 miles above the Earth once every 95 minutes. To alow the audience to
gppreciate 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 astronaut 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 ill aconsultant for the new Star Trek TV series. Y ou were hired to make
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 stars. This Sation, which was built by Earthin the
214 century, is alarge whed-like structure where people live and work in the rim. In order to creste
"artificid gravity," the space dation rotates on its axis. The specid effects department wants to know
at what rate a space station 200 metersin diameter would have to rotate to create "gravity” equd to
0.7 that of Earth.

Gravitational: You did sowdl inyour physics course that you decided to try to get a summer job
working in aphysics laboratory at the University. You got thejob as a sudent lab assgtant ina
research group investigating the ozone depletion at the Earth's poles. This group is planning to put an
atmospheric measuring device in a satdlite which will pass over both poles. To collect samples of the
upper atmosphere, the satdlite will be in a circular orbit 200 miles above the surface of the Earth. To
adjust the instruments for the proper data taking rate, you need to calculate how many times per day
the device will sample the amosphere over the South pole. Using the insde cover of your trusty
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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 universd gravitationa constant is 6.7 x 10-11 N m2/kg2.

Gravitational: You did sowell inyour physics course that you decided to try to get a summer job
working in aphysics [aboratory at the Univergity. You got the job as a student lab asstant in a
research group investigating the ozone depletion at the Earth's poles. This group is planning to put an
atmospheric measuring device in a satdllite which will pass over both poles. To collect samples of the
upper atmaosphere, the satdlite will bein 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 atmosphere over the
South pole. Using the indde cover of your trusty Physicstext you find thet 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, asatellite in 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 Sgnasis caled apulsar. One popular theory holds thet the
pulsar isanormd star (Smilar to our Sun) which isin orbit around a much more massive neutron ar.
The period of the X-ray sgnd isthen the period of the orbit. In thistheory, the distance between the
norma star and the neutron star is gpproximeately the same as the distance between the Earth and our
Sun. You redizethat if thistheory is correct, you can determine how much more massive the neutron
dar isthan our Sun. All you need to do isfirg find the mass of the neutron star in terms of two
unknowns, the universa gravitationd congtant 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 calculate how many times more massve the neutron star is
than our Sun.

Radial Force Components

47.

48.

Weight, Lift: You are reading an article about the aesthetics of airplane design. One examplein the
articleis abeautiful new design for commercid arliners. You areworried that this light wing structure
might not be strong enough to be safe. The article explains that an airplane can fly because the air
exertsaforce, caled "lift," on the wings such that the lift is ways perpendicular to the wing surface.
For levd flying, thewings are horizontal. To turn, the pilot "banks' the plane so that the wings are
oriented a an angle to the horizontd. This causes the plane to have atrgectory which is a horizonta
circle. The specifications of the 100 x 103 |b plane require that it be able to turn with aradius of 2.0
miles a a congtant speed of 500 miles’hr. The article dates that tests show that the new wing structure
will support aforce 4 timesthe lift necessary for leve flight. 1sthe wing structure sufficiently strong for
the plane to make this turn?

Weight, Lift: You are flying to Chicago when the pilot tells you that the plane can not land
immediately because of airport delays and will haveto circle the airport. Thisis sandard operating
procedure. She a0 tells you that the plane will maintain a peed of 400 mph at an dtitude of 20,000
feet while traveling in a horizontd circle around the airport. To pass the time 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 magazine explains that an airplane can
fly because the air exerts aforce, cdled "lift," onthewings. Thelift isdways perpendicular to the wing
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surface. The magazine article gives the weight of the type of plane you are on as 100 x 108 pounds
and the length of each wing as 150 fet. It gives no information on the thrust of the engines or the drag
of thearframe.

Because of your physics background, you have been hired as a member of the team the state highway
department has assigned to review the safety of Minnesota freeways. Thisweek you are studying 35W
which has acurve which is essentialy 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 horizonta throughout the
curve. To begin the study, the head of your department asks that you ca culate the maximum speed for
a standard passenger car (about 2000 Ibs.) to complete the turn while maintaining a horizontal path
aong theroad. 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 gatic friction is 0.80 between thetires and theroad. This
will give her team the two extremes of Minnesota driving conditions on which to base the andyss.

Tenson, 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 looks dangerous. She knows that
you have taken physics and so asks your advice. Theridein question has a 10-Ib chair which hangs
fredy from a 30-ft long chain attached to a pivot on the top of atal tower. When achild entersthe
ride, the chain is hanging straight down. The child is then attached to the chair with a seet belt and
shoulder harness. When the ride starts up the chain rotates about the tower. Soon the chain reachesits
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 sitting in the
gationary chair. The chain cresks but holds and he weighs 200 |bs. Has the operator shown that this
ride safe for a 50-1b child?
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Conservation of Momentum

The problemsin this section require conservation principles to solve -- the conservation of energy, the
conservation of momentum, or both. For convenience, the problems are divided into four groups by the
concepts required for asolution: (1) conservation of energy (mechanica, gravitationd); (2) conservation of
energy (mechanical) and force; (3) conservation of momentum; and (4) conservation of energy (mechanica)
and conservation of momentum.

Conservation of Energy (Mechanical, Gravitational)

1. Youarewatching aNationa Geographic Specia on televison. One segment of the program is about
archer fish, which inhabit streamsin southeast Asia. Thisfish actudly "shoots' water at insects to knock
them into the water so it can et them. The commentator states that the archer fish kegpsits mouth at
the surface of the stream and squiirts a jet of water from its mouth at 13 feet/second. Y ou watch an
archer fish shoot ajuicy moth off aleef into the water. Y ou estimate that the leaf was about 2.5 feet
above adream. 'Y ou wonder a what minimum angle from the horizontal the water can be gected from
the fish's mouth to hit the moth. Since you have time during the commercid, you quickly caculate this

agle

2. Your atig friend is designing akinetic sculpture and asks for your help since she knows that you have
had physics. Part of her sculpture consists of a6.0-kg object (you can't tell what it is supposed to be,
but it's art) and a 4.0-kg object which hang straight down from opposite ends of avery thin, flexible
wire. Thiswire passes over asmooth, cylindrical, horizontd, stainless sted pipe 3.0 meters above the
floor. Thefrictiona force between the rod and the wire is negligible. The 6.0-kg object isheld 2.0
meters above the floor and the other object hangs 0.50 meters above the floor. When the mechanism
releases the 6.0-kg object, both objects accelerate and one will eventudly hit the floor -- but they don't
hit each other. To determine if the floor will be damaged, ca culate the speed of the object which hits
the floor.

3. Youaredriving your car uphill dong adraight road. Suddenly, you see a car run ared light and enter
the intersection just ahead of you. You dam on your brakes and skid in agtraight line to a stop, leaving
skid marks 100 feet long. A policeman observes the whole incident and gives aticket to the other car
for running ared light. He dso gives you aticket for exceeding the speed limit of 30 mph. When you
get home, you read your physics book and estimate that the coefficient of kinetic friction between your
tires and the road was 0.60, and the coefficient of Static friction was 0.80. Y ou estimate that the hill
made an angle of about 10°with the horizontd. Y ou look in your owner's manud and find that your car
weighs 2,050 Ibs. Will you fight the traffic ticket in court?

4. You havelanded asummer job with a company that has been given the contract to design the ski jump
for the next Winter Olympics. The track is coated with snow and has an angle of 25° from the
horizontd. A skier zips down the ski jump ramp 0 that he leavesit at high speed. The winner isthe
person who jumps the farthest after leaving the end of the ramp. Y our task isto determine the height of
the starting gate above the end of the ramp, which will determine the mechanica dructure of the ki
jump facility. Y ou have been told that the typica ski-jumper pushes off from the starting gate a a speed
of 2.0 m/s. For safety reasons, your design should be such that for a perfect run down the ramp, the
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skier's speed before leaving the end of the ramp and sailing through the air should be no more than 80
kmv/hr. Y ou run some experiments on various skies used by the jumpers and determine that the
coefficient of gatic friction between the snow and the skisis 0.10 and its coefficient of kinetic friction is
0.02. Since the ski-jumpers bend over and wear very aerodynamic suits, you decide to neglect the air
resistance to make your design.

5. The Navy wants anew arplane launcher for their aircraft carriers and you are on the design team. The
launcher is effectively alarge soring that pushes the plane for the first 5 meters of the 20 meter long
runway. During that same time, the plan€e's jet engines supply a constant thrust of 5.4 x 104 N for the
entire length of the runway. The 2000 kg planes need to have a velocity of 45 m/s by the end of the
runway. What should be the spring constant for the launcher?

6. You have been hired to desgn a safety system to protect drivers going down hills during an ice storm.
The planned system consists of a bumper, which can be considered a stiff spring, at the bottom of the
hill. In the scenario you are given, the car starts from rest at the top of a hill which maekesan angleq
with the horizontd. The distance that the car dides from the top of the hill until it is stopped by the
soringisL. For theworst case scenario, assume that there is no frictiona force between the car and
road dueto theice. If the maximum compresson of the spring from its equilibrium postion is D, your
jobisto caculate the required spring constant k interms of D, L and q.

7. You are the technicd advisor to the Dave Letterman Show. Your task isto design acircus stunt in
which Super Dave Osbourne, who weighs 170 pounds, is shot out of a cannon that is elevated 40° from
the horizontd. The"cannon' is actudly a 3-foot diameter tube that uses a stiff goring and a puff of
smoke rather than an explosive to launch Super Dave. The manua for the cannon states that the spring
constant is 1822 Newtons/meter. The spring is compressed by amotor until its free end isleve with the
bottom of the cannon tube, which is 5 feet above the ground. A small seet is atached to the free end of
the spring for Super Dave to St on. When the spring isreleased, it extends 9 feet up the tube. Neither
the seat not the chair touch the sdes of the 12-foot long tube. After adrum rall, the spring is released
and Super Dave will fly through the air with the gppropriate sound effects and smoke. Y ou have an
arbag 3-feet thick for Super Daveto land on. Y ou know that the airbag will exert an average retarding
force of 2850 Newtonsin al directions. Y ou need to determine if the airbag is thick enough to stop
Super Dave safdly. -- that is, S0 he is dowed to a stop by the time he reaches ground level.

8. Super Dave hasjudt returned from the hospital where he spent aweek convaescing from injuries
incurred when he was "shot" out of acannon to land in an airbag which was too thin. Undaunted, he
decidesto celebrate his return with anew stunt. He intends to jump off a 100-foot tall tower with an
eladtic cord tied to one ankle, and the other end tied to the top of the tower. This cord isvery light but
very strong and stretches so that it can stop him without pulling hisleg off. Such a cord exerts aforce
with the same mathematical form asthe soring force. He wants it to be 75 feet long so that he will bein
freefdl for 75 feet before the cord begins to stretch. To minimize the force that the cord exerts on his
leg, he wants it to stretch as far as possible. Y ou have been assigned to purchase the cord for the stunt
and must determine the elagtic force constant which characterizes the cord that you should order.
Before the cdculation, you carefully measure Dave's height to be 6.0 ft and hisweight to be 170 Ibs.
For maximum dramatic effect, his jump will be off adiving board at the top of the tower. From tests
you have made, you determine that his maximum speed coming off the diving board is 10 ft/sec.
Neglect air resstance in your caculation -- let Dave worry about that.
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Conservation Problems

Y ou were s0 impressed with the problem about Super Dave that you decide that this would make a
good stunt for the Ingtitute of Technology (IT) day. To raise money for a University scholarship fund,
you want to have the new IT dean bungee jump from a crane if contributions can be found for 10
scholarships. To add some interest, the jump will be made from 44 m above a 2.5 m deep pool of Jdl-
O. A 30-mlong bungee cord would be attached to the dean's ankle. First you must convince the dean
that your plan is safe for a person of hismass, 70 kg. The dean knows that as the bungee cord begins
to dretch, it will exert aforce which has the same properties as the force exerted by aspring. Y our
plan has the dean stepping off a platform and being in free fal for the 30 m before the cord beginsto
dretch. Y ou must determine the eastic constant of the bungee cord so that it Sretches only 12 m,
which will just keep the dean's head out of the Jell-O.

Your friend isan artist. His new work isakinetic sculpture called "destruction.” The sculptureissmple
and has high impact. A 200-kg sted block is hung from the ceiling at the end of an 8-foot long rope.
Another rope is atached to the block so that it pullsit horizontaly. The other end of the horizonta rope
is attached to a motor which is cleverly mounted so that the rope aways pulls the block horizontaly with
acongant force. The block gtarts from rest when it is hanging straight down and moves very dowly
until it is hanging & an angle of 30° to the vertical. At that point the horizontal rope will be rdleased and
the block swings until it crashesinto awal. Y our friend knows you have taken physics and asks you the
minimum energy that the motor must supply. Y ou make atest and determine that the block isin
equilibiumwhen it is pulled by the horizonta rope connected to the motor and the block is hanging from
the other rope at 30° from the vertical.

(Gravitational Energy) Because of your knowledge of physics and interest in the environment, you
have gotten a summer job with an organization which wants to orbit a satellite to monitor the amount of
chlorineionsin the upper atmosphere over North America. It has been determined that the satellite
should collect samples a a height of 100 miles above the Earth's surface. Unfortunatdy, a that height air
res stance would make the amount of time the satellite would stay in orbit too short to be useful. You
suggest that an liptica orbit would alow the satdllite to be close to the Earth over North America,
where data was desired, but farther from the Earth, and thus out of dmost dl of the atmosphere, on the
other sde of our planet. Y our colleague estimates that the satellite would be traveling a 10,000
miles’/hour when it was farthest from the Earth a a height of 1,000 miles. How fast would the satellite
be traveling when it took itsair samplesif you neglect air friction?

Conservation of Energy (Mechanical) and Force

12.

13.

At the train station, you notice alarge horizontal spring at the end of the track where the train comesin.
Thisisasafety device to stop the train so that it will not go plowing through the station if the engineer
migudges the stopping distance. While waiting, you wonder what would be the fastest train that the
spring could stop by being fully compressed, 3.0 ft. To keep the passengers as safe as possible when
the spring stops the train, you assume that the maximum stopping acceleration of the train, caused by the
oring, isg/2. Y ou make a guess that atrain might have amass of 0.5 million kilograms. For the
purpose of getting your answer, you assume thet al frictiond forces are negligible.

Y ou have asummer job at a company that specidizesin the design of equipment for sports shows and
exhibitions. The company has been given the contract to design a piece of apparatus for an ice skating
show. Anice skater will start from rest and glide down an ice-covered ramp. At the bottom of the
ramp, the skater will continue gliding around in aice-covered loop which isingde of averticd circle.
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After going around the verticd circle, the skater emerges at the bottom of the circle to glide out on the
skating rink floor to the wild gpplause of the audience. To make a spectacular effect, the circular loop
should have a diameter of 30 feet. Y our task is to determine the minimum height of the top of the ramp
to the rink floor so that the Skater will not fall off the loop at the top.

In aweak moment you have volunteered to be a human cannonball &t an amateur charity circus. The
"cannon” is actualy a 3-foot diameter tube with abig tiff spring ingde which is attached to the bottom
of thetube. A smdl sedt is atached to the free end of the spring. The ringmaster, one of your soon to
be ex-friends, gives you your ingructions. Hetells you that just before you enter the mouth of the
cannon, amotor will compress the spring to 1/10 its normd length and hold it in that position. You are
to gracefully crawl in the tube and St calmly in the seet without holding on to anything. The cannon will
then be raised to an angle such that your speed through the air at your highest point is 10 ft/sec. When
the pring is released, neither the oring nor the chair will touch the Sdes of the

12-foot long tube. After the drum roll, the spring is released and you will fly through the air with the
appropriate sound effects and smoke. With the perfect am of your gun crew, you will fly through the
ar over al5-foot wall and land safdly inthe net. Y ou are just a bit worried and decide to caculate
how high above your starting position you will be at your highest point. Before the rehearsd, the cannon
is taken gpart for maintenance. Y ou see the spring, which is now removed from the cannon, is hanging
draight down with one end attached to the ceiling. Y ou determinethat it is 10 feet long. When you
hang on its free end without touching the ground, it Sretches by 2.0 ft. Isit possible for you to make it
over thewadl?

Conservation of Momentum

15.

16.

17.

As aconcerned citizen, you have volunteered to serve on a committee investigating injuries to Junior
High School students participating in sports programs.  Currently your committee is investigating the high
incidence of ankle injuries on the basketbal team. 'Y ou are watching the team practice, looking for
activities which can result in large horizontal forces on the ankle. Observing the team practice jump
shots gives you an idea, so you try asmdl caculation. A 40-kg student jumps 1.0 meters Straight up
and shoots the 0.80-kg basketball at his highest point. From the trgectory of the basketball, you
deduce that the bdl Ieft his hand at 30° from the horizontd a 20 m/s. What is his horizonta velocity
when he hits the ground?

You are avolunteer a the Campus Museum of Natura History. Because of your interest in the
environment and your physics experience, you have been asked to assst in the production of an
animated film about the survival of hawks in the wilderness. In the script, a 1.5-kg hawk ishovering in
thear so it is sationary with respect to the ground when it sees a goose flying below it. The hawk dives
graight down. When it strikes the goose and digs its claws into the goose's bodly, it has a speed of 60
km/hr. The goose, which hasamass of 2.5 kg, was flying north a 30 kmvhr just before it was struck by
the hawk and killed ingtantly. The animators want to know the velocity (magnitude and direction) of the
hawk and dead goose just after the strike.

Y ou are looking forward to the end of find exams with more anticipation than usud because you have
lined up agreat summer job. Y ou might be hired by a company searching for treasure in the Caribbean!
Y our prospective employer has discovered the captain's logbook of the 40,000-ton luxury liner, the
Hedonist, which left Miami in 1925 and never returned. In addition to the log, thereisalong list of
jewdry and other vauables held in the ship's safe. The ship sank when it collided with afreighter and
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the wreckage was never found. The log tdlsthat the Hedonist was going due south a a speed of 20
knots in calm seas through arare fog just before the callison. While in the fog, it was struck broadside
by the 60,000-ton freighter, the Ironhorse, which was traveling west a 10 knots. Thelog tells the exact
location (latitude and longitude) of the liner just before the collison. Of course, your employer is
keeping that information secret for now. The log adso notes that when the freighter's bow pierced the
hull of the liner, the two ships were stuck together and sank together. To get the summer job, you are
asked to help determine the search area by caculating the velocity (magnitude and direction) of the
shipsjus after collison.

Y ou have been hired to check the technica correctness of an upcoming made-for-TV murder mystery.
The mystery takes place in the space shuttle. In one scene, an astronaut's safety line is sabotaged while
sheison a space wak, so sheisno longer connected to the space shuttle. She checks and finds that
her thruster pack has aso been damaged and no longer works. She is 200 meters from the shuttle and
moving withit. That is, sheis not moving with respect to the shuttle. There sheis drifting in space with
only 4 minutes of air remaining. To get back to the shuttle, she decides to unstrap her 10-kg toal kit
and throw it away with dl her srength, so that it has a speed of 8 m/s. In the script, she survives, but is
this correct? Her mass, including space suit, is 80 kg.

Conservation of Energy (Mechanical) and M omentum

19.

20.

21.

Y ou have been hired as atechnica consultant for an early-norning cartoon series for children to make
sure that the science is correct. 1n the script, a wagon containing two boxes of gold (total mass of 150
kg) has been cut loose from the horses by an outlaw. The wagon starts from rest 50 meters up a hill
with a6° dope. The outlaw plans to have the wagon roll down the hill and across the level ground and
then crash into a canyon where his confederates wait. But in atree 40 meters from the edge of the
canyon wait the Lone Ranger (mass 80 kg) and Tonto (mass 70 kg). They drop verticaly into the
wagon as it passes beneath them. The script Sates that it takes the Lone Ranger and Tonto 5 seconds
to grab the gold and jump out of the wagon, but is this correct?. Y ou assume that the wagon rolls with
negligible friction.

Y ou are helping your friend prepare for her next skate board exhibition. For her program, she plansto
take arunning start and then jump onto her heavy duty 15-1b stationary skateboard. She and the
skateboard will glidein agraight line dong a short, level section of track, then up a doped concrete
wall. She wantsto reach aheight of at least 10 feet above where she Sarted before she turns to come
back down the dope. She has measured her maximum running speed to safely jump on the skateboard
at 7 feet/second. She knows you have taken physics, so she wants you to determine if she can carry
out her program as planned. She tells you that she weighs 100 Ibs.

Because of your physics background, you have been hired as a technica advisor for a new James Bond
adventure movie. Inthe script, Bond and hislatest love interest, who is 2/3 hisweight (including skis,
boots, clothes, and various hidden wegpons), are skiing in the Swiss Alps. She skis down a dope while
he stays at the top to adjust hisboot. When she has skied down a verticd distance of 100 ft, she stops
to wait for him and is captured by the bad guys. Bond looks up and sees what is happening. He
notices that she is standing with her skis pointed downhill while she rests on her poles. To make aslittle
noise as possible, Bond gtarts from rest and glides down the dope heading right at her. Just before they
collide, she sees him coming and lets go of her poles. He grabs her and they both continue downhill
together. At the bottom of the hill, another dope goes uphill and they continue to glide up that dope
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22.

23.

24,

25.

until they reach the top of the hill and are safe. The writers want you to cdculate the maximum possible
height that the second hill can be relative to the position where the collison took place. Both Bond and
his girl friend are usng new, top-secret frictionless stedlth skis developed for the British Secret Service.

Because of your concern that incorrect science is being taught to children when they wetch cartoons on
TV, you have joined a committee which is reviewing a new cartoon version of Tarzan. In this episode,
Tarzan ison the ground in front of a herd of slampeding dephants. Just in time Jane, whoisup in atal
tree, seeshim. She grabs a convenient vine and swings towards Tarzan, who has twice her mass, to
save him. Luckily, the lowest point of her swing is just where Tarzan is standing. When she reaches
him, he grabs her and the vine. They both continue to swing to safety over the dephants up to a height
which looks to be about 1/2 that of Jane's origina podtion. To decide if you going to gpprove this
cartoon, calculate the maximum height Tarzan and Jane can swing as afraction of her initia height.

Y ou are watching a Saturday morning cartoon concerning ajungle hero called George of the Jungle.
George atempts to save his friend, an gpe named Ape, from a stampeding herd of wildebeests. Apeis
at the base of atal tree which has avine atached to itstop. George isin another tree holding the other
end of thevine. George plans to swing down from the tree, grab Ape at the bottom of the swing, and
continue up to safety on aledge which is haf of Georgesinitid height in the tree. Assuming that Ape
welghs the same as George, will they successfully make it to the top of the ledge?

Y our friend has just been in atraffic accident and is trying to negotiate with the insurance company of
the other driver to pay for fixing her car. She believesthat the other car was speeding and therefore the
accident was the other driver'sfault. She knows that you have a knowledge of physics and hopes that
you can prove her conjecture. She takes you out to the scene of the crash and describes what
happened. She wastraveling North when she entered the fateful intersection. There was no stop sign,
s0 she looked in both directions and did not see another car approaching. 1t was a bright, sunny, clear
day. When she reached the center of the intersection, her car was struck by the other car which was
traveling East. The two cars remained joined together after the collison and skidded to astop. The
gpeed limit on both roads entering the intersection is 50 mph.  From the skid marks il visible on the
dreet, you determine that after the collison the cars skidded 56 feet at an angle of 30° north of east
before stopping. She has a copy of the police report which gives the make and year of each car. At
the library you determine that the weight of her car was 2600 |bs. and that of the other car was 2200
Ibs., where you included the driver's weight in each case. The coefficient of kinetic friction for arubber
tire skidding on dry pavement is 0.80. It isnot enough to prove that the other driver was speeding to
convince the insurance company. She must so show that she was under the speed limit.

Because movie producers have come under pressure for teaching children incorrect science, you have
been gppointed to help acommittee of concerned parents review a script for anew Superman movie.
In the scene under consideration, Superman rushes to save Lois Lane who has been pushed from a
window 300 feet above a crowded street. Superman is 0.5 miles avay when he hears Lois scream and
rushes to save her. He swoops down in the nick of time, arriving when Loisis just 3.0 feet above the
dreet, and stopping her just a ground level.  Lois changes her expression from one of horror at her
impending doom to asmile of gratitude as she gently floats to the ground in Superman'sarms. The
committee wants to know if thereis redly enough time to express this range of emotions, even if thereis
apossible academy award on the line. The chairman asks you to caculate the time it takes for
Superman to stop Loissfdl. To do the caculation, you assume that Superman gpplies a constant force
to Loisin bresking her fal and that she weighs 120 Ibs. While thinking about this scene you adso
wonder if Lois could survive the force that Superman appliesto her.
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Conservation Problems

Thisyear you have a summer job working for the National Park Service. Since they know that you
have taken physics, they start you off in the |aboratory which tests possible new equipment. Y our firgt
jobisto test asmadl cannon. During the winter, smal cannons are used to prevent avaanchesin
populated areas by shooting down heavy snow concentrations overhanging the sides of mountains. In
order to determine the range of the cannon, it is necessary to know the velocity with which the projectile
leaves the cannon (muzzle velocity). The cannon you are testing has aweight of 700 |bs. and shoots a
40-Ib projectile. During the [ab tests the cannon is held horizontdly in arigid support so thet it cannot
move. Under those conditions, you measure the magnitude of the muzzle velocity to be 400 m/s. When
the cannon is actudly used in the field, however, it is mounted so thet it is free to move (recoil) when it is
fired. Y our boss asks you to caculate the projectile's speed leaving the cannon under field conditions,
when it isdlowed to recoil. Shetelsyou to take the case where the cannon isfired horizontally using
cannon shellswhich are identicd to those used in the |aboratory test.

Y ou have been able to get a part time job with amedica physics group investigating ways to treat
inoperable brain cancer. One form of cancer therapy being sudied uses dow neutrons to knock a
particle (either aneutron or a proton) out of the nucleus of the atoms which make up cancer cdls. The
neutron knocks out the particle it collides with in an indadtic collison. The heavy nucleus essentidly
does not move in the collison. After asingle proton or neutron is knocked out of the nucleus, the
nucleus decays, killing the cancer cdll. To test thisidea, your research group decides to measure the
change of interna energy of a nitrogen nucleus after a neutron collides with one of the neutronsin its
nucleus and knocksit out. In the experiment, one neutron goes into the nucleus with a speed of 2.0 x
107 m/s and you detect two neutrons coming out at angles of 30° and 15°. Y ou can now caculate the
change of interna energy of the nucleus.
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The problems in this section can be solved by applying rotationa kinematics and dynamics principles. The
problems are divided into four groups according to the maor principles required for solution: (1) center of
mass, moment of inertia, and/or rotationd kinematics; (2) rotationa energy; (3) torques; and (4) angular
momentum. The specific principles required are indicated in itdics at the beginning of each problem.

Center of Mass, Moment of Inertia, and Rotational Kinematics

1. Center of Mass. You have been hired as part of aresearch team conssting of biologists, computer
scientigts, enginears, mathematicians, and physicigts investigating the virus which causes AIDS. This
effort depends on the design of anew centrifuge which separatesinfected cdls from hedthy cells by
pinning a container of these cdlls at very high speeds. Y our design team has been assigned the task of
specifying the mechanica Structure of the centrifuge arm which holds the sample container. For
aerodynamic tability, the arm must have uniform dimensions. 'Y our team decided the shape will be a
long, thin gtrip of length L, width w, and thicknesst. The mass of the stripisM. The actua vaues of
these quantities will be optimized by a computer program. For mechanica reasons, the arm must be
stronger a one end than at the other. Y our team decided to use new composite materials to accomplish
this. Usng these materids changes the strength by changing the density of the arm dong its length while
keeping its dimensions congtant. To caculate the strength of the brackets necessary to support the arm,
you must determine the position of the center of mass of the arm. 'Y ou decide to do thisin two different
ways.

(a) Frst you make a crude gpproximation of your desgn by assuming that the arm isarigid, masdess
rod of length L. On thisrod are mounted four smal objects of equal mass. One of these objectsis
positioned at each end of the rod, one in the center of the rod, and one midway between the center and
the end.

(b) Next you do amore exact caculation by assuming that arm is a continuous materia with adendty
which varieslinearly dong itslength as (A + BXx).

2. Center of Mass, Moment of Inertia: Y ou are on a development team investigating a new design for
computer magnetic disk drives. Y ou have been asked to determine if the standard disk drive motor will
be sufficient for the test verson of the new disk. To do this you decide to caculate how much energy is
needed to get the 6.4 cm diameter, 15 gram disk to its operating speed of 350 revolutions per second.
The test disk dso has 4 different sensors attached to its surface. These small sensors are arranged at the
corners of asquare with sides of 1.2 cm. To assure gability, the center of mass of the sensor array isin
the same position as the center of mass of the disk. The disk’ s axis of rotation aso goes through the
center of mass. Y ou know that the sensors have masses of 1.0 grams, 1.5 grams, 2.0 grams, and 3.0
grams. The moment of inertia of your disk is one-hdf that of aring.

Center of Mass, Momentum, Kinematics: Two government agents (FBI agents Mulder and Scully)
need your physics expertise to determine why an aien spaceship exploded. The wreckage of the
gpaceship isin three large pieces around a northern Minnesotatown. The center of mass of one piece
(mass = 300 kg) of the spaceship landed 6.0 km due north of the center of town. Another piece (mass
= 1000 kg) landed 1.6 km to the southeast (36 degrees south of east) of the center of town. The last
piece (mass = 400 kg) landed 4.0 km to the southwest (65 degrees south of west) of the center of town.
There are no more pieces of the spaceship. The Army, which was watching the spaceship on its radar,
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clamsit was hovering motionless over the center of town when the spaceship spontaneoudy exploded
and the piecesfdl to the ground. Agents Mulder and Scully do not believe that the spaceship exploded
onitsown accord. They think amissle hitit. They ask you to determine whether the fragments

found are consistent with the spaceship exploding spontaneoudy. If not, determine from what direction
the missile came. (For amplicity, assume that the pieces of the spaceship after the explosion are moving
horizontally.)

. Kinematics, Moment of Inertia: Y ou are working in aresearch group investigating more energy
efficient city busses. One option isto store energy in the rotation of a flywhed when the bus stops and
then useit to accderate the bus. The flywhed under consderation is disk of uniform congtruction except
thet it hasamassve, thinrimonitsedge. Haf the mass of the flywhed isin the rim. When the bus
stops, the flywhed needs to rotate at 20 revolutions per second. When the busis going at its norma
speed of 30 miles per hour, the flywhed rotates at 2 revolutions per second. The materid holding the rim
to the rest of the flywhed has been tested to withstand an acceleration of up to 100g but you are worried
that it might not be strong enough. To check, you caculate the maximum radius of the rim for the case
when the flywhed reaches 20 revolutions per second just as the bus going 30 miles per hour makes an
emergency stop in 0.50 seconds. Y ou assume that during this time the flywhed has a constant angular
accderdion. Your trusty physicstext tells you that the moment of inertia of a disk rotating about its
center is hdf that of aring of the same mass and radius.

. Kinematics, Force: You did sowell inyour physics course that you decided to try to get a summer job
working in aphysics laboratory at the University. You got the job as a student lab assistant in aresearch
group investigating the ozone depletion at the Earth's poles. This group is planning to put an atmospheric
measuring device in a satellite which will pass over both poles. To collect samples of the upper
atmosphere, the satellite will bein acircular orbit 200 miles above the surface of the Earth which hasa
radius of about 4000 miles. To adjust the instruments for the proper data taking rate, you need to
caculate how many times per day the device will sample the atimaosphere over the South pole.

. Kinematics, Force: While ligtening to your professor drone on, you dream about becoming an engineer
helping to design anew space station to be built in degp space far from any planetary systems. This
state-of-the-(future) art ation is powered by a smal amount of neutron star matter which has a dendty
of 2 x 1014 g/emB. The gtation will be alarge light-weight whed rotating about its center which contains
the power generator. A control room is atube which goes dl the way around the whed and is 10
meters from its center. The living space and laboratories are located a the outside rim of the whed and
are another tube which goes dl the way around it at adistance of 200 meters from the center. To keep
the environment as norma as possible, people in both the outer rim and the control room should
experience the same “weight” asthey had on Earth. That isif they were standing on a bathroom scde, it
would reed the same asiif they were on Earth. Thisis accomplished by a combination of the rotation of
the station and the gravitationa attraction of the neutron star matter in the power generator. You
suddenly wake up when you drop your pen but decide that the idea is interesting enough to calculate the
necessary rate of rotation and generator mass. While drawing the free-body diagrams, you redize that
the people are sanding with their heads inward on the rim of the station and with their heads outward in
the control room.

. Kinematics, Force: You have asummer job a NASA where your team is responsible for specifying a
rocket to lift acommunications satellite into a circular orbit around the Earth. To effectively rday sgnds,
the satellite will have to dways remain over the same point on the Earth's equator just above the
communications station which is located 50 miles outsde or Narobi, Kenya. The satellite will have a
mass of 3500 kg. Y ou have been assigned the task of calculating the radius of the satellité's orbit and its
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speed while in orbit and presenting that calculation to your team. For your own curiosity you also decide
to caculate the force that the satdllite exerts on the Earth whileit isin orbit. From your trusty physics
textbook you find the radius of the Earth is 6370 km, its massis 5.96 x 1024 kg, and the universa

gravitationa constant is6.67 x 1011 N m2/kg2-

Rotational Energy

8.

10.

Energy: While working in an environmenta engineering team to determine the qudity of theair in
downtown Minnegpolis, you have been given the task of calibrating the spectrum andyzer. Thisdevice
gives you the compostion of the gassesin a sample by determining the frequency of light absorbed by
the sample. Each type of molecule absorbs a certain set of frequencies (its spectrum). The frequencies
actualy measured are changed if the molecules have an angular velocity about their center of mass. To
cdibrate the andyzer, you must cdculate the expected angular velocity for the Oxygen molecules (O2) in
the sample of Minnegpolisair. At the temperatures of your gas sample, you caculate that the center of
mass speed of atypica moleculeis 500 m/s. Based on you knowledge of atomic Szes, you estimate that
the typicd distance between the nuclel of oxygen atomsin the moleculeis 10-8 cm. Y ou aso know that
the 27 x 10-27 kg mass of an Oxygen atom is essentialy concentrated in its very smal nudleus. Y our
boss tells you to assume that the rotationd kinetic energy of the molecule rotating about an axis through
the center of the line joining the nucle of the aoms and perpendicular to thet line is 2/3 its trandationd
kinetic energy.

Energy: Whileworking on your latest nove about settlers crossing the Great Plainsin awagon train,
you get into an argument with your co-author regarding the moment of inertia of an actual wooden
wagon whed. The 70-kg whed is 120-cm in diameter and has heavy spokes connecting the rim to the
axle. Your co-author claims that you can gpproximate using | = MR2 (like for a hoop) but you anticipate
| will be significantly less than that because of the mass located in the spokes. To find | experimentaly,
you mount the whedl on alow-friction bearing then wrap alight cord around the outside of therim to
which you attach a 20-kg bag of sand. When the bag isreleased from rest, it drops 3.77-min 1.6-s
during which time the whed rotates through an angle of 2p-radians. Hint: Use energy consderations.

Energy: You have asummer job helping to design the opening ceremony for the next winter Olympics.
One of the choreographer’ sidessis to have skaters race out onto the ice and grab a very large ring (the
symbol of the Olympics). Eachring isheld horizontd & shoulder height by averticd pole stuck into the
ice. The poleisattached to the ring on its circumference so that the ring can rotate horizontaly around
the pole. The planisto have the skater grab the ring at a point on the opposite side from where the pole
is attached and, holding on, glide around the polein acircle. 'Y ou have been assgned the job of
determining the minimum speed that the skater must have before grabbing the ring in terms of the radius
of the ring, the mass of the ring, the mass of the skater, and the congtant frictiona force between the
skates and theice. The choreographer wants the skater and ring to go around the pole at least five
times. The skater isto be moving tangent to the ring just before grabbing it.

Energy, Center of Mass: Asa project your team is given the task of designing a space station
consgting of four different habitats. Each habitat is an enclosed sphere containing dl necessary life
support and laboratory facilities. The masses of these habitats are 10 x 105 kg, 20 x 105 kg, 30 x 105
kg, and 40 x 105 kg. The entire station must spin so that the inhabitants will experience an atificid
gravity. Your team has decided to arrange the habitats at corners of a square with 1.0 km sdes. The
axis of rotation will be perpendicular to the plane of the square and through the center of mass. To help
decide if this plan is practical, you caculate how much energy would be necessary to set the space
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gation spinning at 5.0 revolutions per minute. In your team’s design, the size of each habitet is small
compared to the size of the space between the habitats and the structure that holds the habitats together
is much less massive than any single habitat.

12. Energy, Center of Mass: Y ou have agreat summer job working for amovie sudio. 'Y our assgnment
isto check the script of an upcoming Star Wars movie for scientific accuracy. 1n one scene, the hero
escapes by putting her spaceship through awormhole in space. The engines have falled so the shipis
coasting when it emerges in another part of the gdaxy at the center of abinary star sysem. Both garsin
the system orhbit their center of mass and have equa mass. Y ou need to determine the minimum speed of
the spaceship when it emerges from the wormhole perpendicular to the plane of the orbiting stars so that
it is not captured by the star system.  When the movieis better defined, you will know the mass of each
dar, theradius of their orbit, and the mass of the spaceship. You assumethat evenalongtimeagoina
gdaxy far, far away the gravitationd congtant isthe same.

13. Energy, Forces. You have gpplied for a great summer job working with a specid effectsteam a a
movie sudio. As part of your interview you have been asked to evaluate the design for astunt in anew
Indiana Jones production. A large spherical boulder starts from rest and rolls down an inclined track.
At the bottom, the track curves up into a vertica circle so that the boulder can roll around on theinsde
of the circle and come back to ground level. It isimportant that the boulder not fal off the track at the
top of the circle and crush the star standing below. 'Y ou have been asked to determine the relationship
between the height of the boulder’ s starting point on the ramp (measured from the center of the boulder)
and the maximum radius the circular part of the track. Y ou can determine the mass and the radius of the
boulder should you need to know them. 'Y ou have aso been told that the moment of inertia of a sphere
is 2/5 that of aring of the same mass and radius. After some thought you decide that the boulder will
say moving in averticd circdeif itsradid accderation at thetop isjust that provided by gravity.

Torques

14. Torque: In abudget cutting move, the University decided to replace their human mascot, Goldie
Gopher, by ared gopher. Unfortunately the new 10 Ib Goldie has other ideas and has escaped the
clutches of the ahletic department by jumping out awindow onto a flagpole attached to the building.

The fire department has been caled in to recover the recacitrant gopher. The plan isfor afireman to
climb out on the flagpole and get Goldie. Goldie is 3 meters out on the 4 meter long flagpole. Because
of your technical background, you have a part time job as a University safety officer and are asked to
gpprove thisplan. The poleis attached to the building a an angle of 37° above the horizonta and
weighs 22 Ibs. A horizonta cable with arated strength of 300 Ibs. connects the far end of the pole to the
building seems strong enough. The other end of the pole is connected to the building by asted pin
supported by a strong sted! brace.
Y ou are worried about whether this pin is strong enough so you caculate the forces on the pin. The
lightest fireman available for the job of getting Goldie weighs 150 |bs. in dl of her gear. You find
that the pin is strong enough so you might approve this daring rescue. Y ou want it to be as safe as
possible. You will require thet the fireman wear a safety harness which is held by someoneingde the
building. After dl, the cable holding up the flagpole has been out in the Minnesota winter for years. |If
the cable does break, the flagpole will rotate about the pin supporting its base.

Doing aquick integrd, you find that the moment of inertia of a pole about an axisat oneend is 1/3 as
much asif al its mass were concentrated at the other end of the pole. To save the fireman you must get
her off before the pole goes below a horizontal orientation. The gopher will be on itsown. To seeif
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rescue is possble, you calculate the accderation of the flagpole with the fireman and gopher clinging to it
for the two extreme cases, just after the cable bresks and just asiit reaches a horizonta orientation.

15. Torque: The automatic flag raising system on a horizonta flagpole attached to the vertical outsde wall

16.

17.

18.

of atal building has become stuck. The management of the building wants to send a person crawling out
aong the flagpole to fix the problem. Because of your physics knowledge, you have been asked to
consult with a group to decide whether or not thisis possible. You are al too aware that no one could
aurvive the 250 foot fdl from the flagpole to the ground. The flagpoleisa 120 Ib sted I-beam which is
very srong and rigid. One sde of the flagpole is atached to the wall of the building by ahinge so that it
can rotate verticaly. Nine feet away, the other end of the flagpole is attached to a strong, lightweight
cable. The cable goes up from the flagpole a an angle of 30° until it reaches the building whereit is
bolted to the wal. The mechanic who will climb out on the flagpole weighs 150 Ibs. including equipment.
From the specifications of the building congtruction, both the bolt attaching the cable to the building and
the hinge have been tested to hold aforce of 500 Ibs. Y our boss has decided that the worse case is
when the mechanic is & the far end of the flagpole, nine feet from the building.

Torque: After watching a news story about afire in a high rise gpartment building, you and your friend
decide to design an emergency escape device from the top of abuilding. To avoid engine failure, your
friend suggests a gravitationd powered eevator. The desgn has alarge, heavy turntable (a horizonta
disk that is free to rotate about its center) on the roof with a cable wound around its edge. The free end
of the cable goes harizontdly to the edge of the building roof, passes over aheavy verticd pulley, and
then hangs straight down. A strong wire cage which can hold 5 people is then attached to the hanging
end of the cable. When people enter the cage and release it, the cable unrolls from the turntable
lowering the people safdly to the ground. To seeif this design is feasible you decide to calculate the
accderation of the fully loaded eevator to make sureit is much lessthan g. Y our friend’ s design has the
radius of the turntable disk as 1.5 m and its mass is twice that of the fully loaded devator. The disk
which serves as the vertica pulley has 1/4 the radius of the turntable and 1/16 itsmass. In your trusty
Physics book you find that the moment of inertiaof adisk is 1/2 that of aring.

Torques, Kinematics: Because of your physics background, you have been asked to be a stunt
consultant for amotion picture about a geneticaly synthesized prehistoric cresture that escapes from
captivity and terrorizes the city. The scene you are asked to review has the three main characters of the
movie being chased by the creature through an old warehouse. At the exit of the warehouseisathick
sted fire door 10 feet high and 6.0 feet wide weighing about 2,000 pounds. In the scene, the three
actors are to flee from the building and close the fire door (initidly a rest), thus sedling the creature ingde
the building. With the creature running a 30 mph, they have 5.0 seconds to shut the door. You are
asked to determine if they can do it. Y ou estimate that each actor can each push on the door with a
force of 50 pounds. When they push together, each actor needs a pace of about 1.5 feet between them
and the next actor. The door, which has amoment of inertiaof 1/3 M r2 around its hinges, needs to
rotate 120 degrees for it to close completely.

Torque, Kinematics: While watching the local TV news show, you see a report about ground water
contamination and how it effects farms which get their water from wells. For dramatic effect, the

reporter stands next to an old style well which still works by lowering a bucket at the end of aropeinto a
deep hole in the ground to get water. At the top of the well asingle vertica pulley is mounted to help
raise and lower the bucket. The thin rope passes over the large pulley which is essentidly a heavy sed
ring supported by light spokes. To demondtrate the depth of the well, the reporter completely wrapsthe
rope around the pulley and suspends the bucket from one end. She then releases the bucket, & rest near
the pulley, and it descends to the bottom of the well unwinding the rope from the pulley asit fdls. It
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takes 2.5 seconds. She doesn't tell you the depth of the well so you decide to calculateit. Y ou estimate
that the pulley has the same mass of the bucket and assume that the mass of the rope and any friction can
be neglected.

Energy or Torques, Kinematics: While you watchinga TV show abouit life in the ancient world, you
see that the people in one village used a solid sphere made out of clay as akind of pulley to hdp haul up
water from awell. A well-greased wooden axle was placed through the center of the sphere and fixed in
ahorizonta orientation above the well, alowing the sphere to rotate fredly. To demongtrate the depth of
the wdll, the host of the program completely wrapped the rope around the sphere and suspended the
bucket from one end. She then released the bucket, at rest near the sphere, and allowed it to descend to
the bottom of the well unwinding the string from the sphere as it went. 1t took 2.5 seconds. You
wonder what the depth of the well was s0 you decideto caculateit. Y ou estimate that the sphere has
twice the mass of the bucket and assume that the mass of the rope can be neglected. Y ou look up the
moment of inertiaof a gphere about an axis through its center of mass and find it is 2/5 that of aring of
the same mass and radius.

Energy or Torque, Kinematics. 'Y ou have been asked to hdp design a safety mechanism which will
automaticaly drops arope from the window of an apartment in the case of fire. One end of theropeis
fastened to aledge on the outsde wadl of the building while the other is rolled tightly around a hollow
cylinder. When afireis detected, the mechanism drops the hollow cylinder so that it is pardld to the
ground. The cylinder fdls straight down without touching the Sde of the building and the rope unwinds
from around a point midway dong itslength. To optimize your design, you need to caculate how long it
takesto fal to the ground as a function of the height of the fall, the radius of the cylinder, the mass of the
cylinder, and the length of the cylinder.

Torques, Forces: A friend of yourswho likesto fix his own car has improvised a car-lifting device in his
gaage. He explainsthat he plansto park the car on arectangular platform which islifted into the air by
four ropes each atached to a corner of the platform. The platform is constructed of stedl I-beams and
has aweight of 250 Ibs. It is 12 feet long and 5.0 feet wide with its center of mass 5.0 feet from the
front and 2.5 feet from either Sde. His car has aweight of 1400 Ibs. and 75% of that weight is carried
by the front tires. The distance between the centers of thetiresis 7.2 feet. Hisplanisto park thecar in
the middle of the platform with the front tire 2.4 feet from the front of the platform over the midpoint of
the platform. In that way, the two front ropes have the equa tensions and the two back ropes will dso
have equa tensons. The ropes are certified to hold aload of 5000 N each. Before he uses his device,
he has asked your advice on its safety.

Torques, Forces. Y ou have been asked to design a machine to move alarge cable spool up afactory
ramp in 30 seconds. The spool is made of two 6.0 ft diameter disks of wood with iron rims connected
together at their centers by asolid cylinder 1.0 ft wide and 3.0 ft long. Sometime later in the
manufacturing process, cable will be wound around the cylinder. For now the cylinder is bare but the
spool ill weighs 200 Ibs. Y our plan isto attach athin ring around the cylinder and pull the spoal up the
ramp with arope attached to the top of thisring. The spool will then roll without dipping up the ramp on
its two outside disks at a constant speed. To finish the design you need to calculate how strong the rope
must be to pull the spool when it is moving up the ramp at a constant peed. The ramp has an angle of
270 from the horizontal and the rope will be pardld to theramp. A set of light weight bearings minimizes
the friction between the ring and the cylinder and fixes the orientation of the ring so that the rope dways
pullsfromitstop. The diameter of the ring is essentidly the same asthat of the cylinder.
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23.

24,

Torques, Forces: You have been chosen to be part of ateam investigating an explosion in avirology
laboratory. When you enter the lab, you see that alarge utility conduit, which was originaly suspended
horizontally overhead, has fallen on top of a chemica workbench. Y ou decide to determineif a
mechanicd failure made the conduit bresk, crashing into the chemicas and causing the explosion or if the
chemica explosion caused the conduit to fall. The heavy conduit, essentidly a bar with a non-uniform
meass distribution, was held up in the air by two lightweight cables atached to the celling at different
angles. One cable was attached at each end of the conduit. To check out the possibility of amechanical
fallure, you first decide to calculate the position of the center of mass from one end of the conduit based
on the known weight of the conduit, the length of the conduit, and the angles of the cables with the
caling.

Torques, Forces: 'Y ou have asummer job working downtown washing windows on skyscrapers (the
pay is great and so are the medica benefits). The platform you and your partner are using to get to the
windowsis ameter wide and four meterslong. 'Y ou know from hauling the platform out of your truck
countlesstimesthat it hasamass of 70 kg. It is supported by two cables, one at each end, mounted on-
center to prevent the platform from tipping over asit is pulled up the Sde of the building at a constant
speed. If you (mass of 55 kg) are standing on the platform 1 meter from one cable while your partner
(mass of 87 kg) is 1.3 meters from the other cable and both of you are half ameter from the Sde, what is
the tenson in each cable? Assume the platform has a uniform mass distribution and is of negligible
thickness.

Angular Momentum

25.

26.

27.

Angular Momentum: Y ou are part of ateam in an engineering contest trying to design a mechanica
"cat" which, when dropped motionless, upside down from 2.5 m, can right itsdf before it hits the ground
by roteting its"tall." The body of the "cat," gptly named Katt, isa solid cylinder 1 foot in length and 6
inchesin diameter, with amass of 5.44 kg. Attached to the center of one end of the body is Katt's "tail,"
a 1 foot long rod which extends out perpendicular to Katt's body and has only 1% the mass of the
body. Y our task isto determine the energy demand put on the smal eectric motor in the body which
rotates the "tail.” Based on your work, have you any design improvements to suggest to the rest of the
team? Remember: asolid cylinder rotated about it's central axis has a moment of inertia 1/2 that of a
cylinder with dl it's mass on it's circumference; arod rotated about one end has amoment of inertia 1/3
of that if mass were concentrated at the opposite end.

Angular Momentum: 'Y ou have been asked to help evauate a proposa to build a device to determine
the speed of hockey pucks shot dong theice. The device congsts of arod which rests on theice and is
fastened to the ice a one end o that it isfree to rotate horizontaly. The free end of the rod has a small,
light basket which will catch the hockey puck. The puck dides across the ice perpendicular to the rod
and is caught in the basket which isinitidly & rest. Therod then rotates. The designers claim that
knowing the length of the rod, the mass of the rod, the mass of the puck, and the frequency of the
rotation of the rod and puck, you can determine the speed of the puck asit moved acrosstheice.

Angular Momentum, Energy: You are amember of agroup designing an air filtration system for
dlergy suffers. To optimize its operation you need to measure the mass of the common pollenin the ar
where thefilter will be used. To measure the pollen’s mass, you have designed a smdl rectangular box
with aholein one sde to alow the pollen to enter. Once ingde the pollen is given a positive eectric
charge and accelerated by an electrogtatic force to a speed of 1.4 m/s. The pollen then hitsthe end of a
very smdl, uniform bar which is hanging straight down from a pivot at itstop. Since the bar hasa
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28.

29.

30.

Rotational Kinematics and Dynamics Problems

negative charge & itstip, the pollen sticksto it as the bar swings up. Measuring the angle that the bar
swings up would give the particle s mass. After the angle is measured, the charge of the bar is reversed,
releasing that particle. 1t'sacool design but your friend ingstsit will never work. To prove it she asks
you to caculate the length of the bar which would give you areasonable angle of about 10° for atypica
pollen particle of 4 x 10-9 grams. Your plan cdlsfor abar of 7 x 10-4 grams with amoment of inertid
1/12 asmuch asif dl of its mass were concentrated at itsend. Issheright?

Angular Momentum, Energy: Y ou have been asked to design a new stunt for the opening of anice
show. A smdl 50 kg skater glides down aramp and along ashort leve gretch of ice. While gliding
aong the levd dretch she makes hersdlf as small as possible. Kegping hersdlf as amal as possble she
then grabs the bottom end of alarge 180 kg vertica rod which isfreeto turn verticaly about aaxis
through its center. The planisfor her to hold onto the 20 foot long rod while it swings her to the top.
The rod has a uniform mass didtribution. 'Y ou have been asked to give the minimum height of the ramp.
Doing aquick integrd tells you that the moment of inertia of thisrod about its center is 1/3 of what its
moment of inertiawould beif dl of its mass were concentrated at one of its ends.

Angular Momentum, Energy: Y our group has decided to revisit the lab experiment in which a meta
ring was dropped onto arotating plate. In hopes of getting better results, you now have a motor which
initidly spinsthe disk and shaft at 3.0 rev. per second. Y ou are dso using amechanica deviceto drop
the ring, so that it lands perfectly in the groove on every trid. Unfortunately the bearing in your gpparatus
isgiving out (after weeks of heavy use) so you must redo your analys's, taking into account the frictiona
force which the bearing gpplies to the outside of the shaft. Y ou assume that this force is gpproximately
congtant, except perhaps during the collison event itself. To avoid the large uncertainties associated with
using a stopwatch, you decide to count revolutions -- you let the disk rotate twice after disengaging the
motor, then drop the ring, then note that the entire apparatus goes around 17 more times before coming
torest. How largeisthefrictiona force? Theradii of the disk, shaft, and ring are 11 cm, 0.63 cm, and
6.5 cm (5.5 cm) outside (ingde) respectively. The moments of inertia (about the appropriate axis) for

the disk, shaft, and ring are 5.1 x 10-3 kg m2, 3.7 x 106 kg m2, and 8.9 x 10-3 kg m? respectively.

Angular Momentum, Energy, Kinematics. You have been hired by a company which isdesigning a
new water dide for an amusement park . The conceptua design has a customer going down a curved
dide ending up moving horizontaly at the bottom. At the end of the of the dide, the customer grabsthe
end of a16.0 m long vertical bar that isfree to pivot about its center. After grabbing onto the bar, the
customer swings out over apool of water. When the bar swings out to its maximum distance, the
customer can drop off and fal straight down into the water. Y our task is to determine the height of the
dide s0 that the maximum horizonta distance that the bar swings out is 5.0 m for a 60 kg person. The
bar hasfive times the mass of a 60 kg person. From an engineering handbook, you find that the moment
of inertia of the bar is 1/12 of whet it would beif dl of its mass were concentrated at the bottom.
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Conservation of Energy and Heat Problems
(Beginning Thermodynamics)

To take abreak from studying physics, you rent the video of the movie verson of the book Fahrenheit
451, which stared Oscar Werner. The setting (in England) is an Orwellian society where books are
banned and al information is disseminated by alarge TV screen in each home. Fire departments
respond not to put out fires, but to burn books, which combust a atemperature of 451 °F (hence the
name of the film). In the middle of the film, your mind wanders. 'Y ou imagine the fire department using
the burning books to heat 600 cr® of water for their afternoon tea. 'Y ou imagine that the burner
transfers 80% of the heat from the burning books to the water, which you remember has a heat capacity
of 1.0 cdorie/g °C. How much will the water temperature rise from burning one copy of the 500-page
book Fahrenheit 451 if the heat of combustion is 1.0 calorie per page?

. You are heping afriend who is a veterinarian to do some minor surgery on acow. She has asked you

to Sterilize ascapd and ahemodtat by boiling them for 30 minutes. Y ou boil them as ordered and then
quickly transfer the instruments to awell insulated tray containing 200 grams of Sterilized water a room
temperature (23 °C) which isjust enough to cover the indruments. After afew minutes the instruments
and water will come to the same temperature, but will they be safe to hand to your friend without being
burned? Y ou are both wearing surgical rubber gloves, but they are very thin. 'Y ou know that both the
50 gram scapel and the 70 gram hemostat are made from stedl which has a specific heat of 450 J/ (kg
oC). They were boiled in 2.0 kg of water with a specific heat of 4200 J/ (kg °C).

. You have asummer job with a company that designs cookware. Y our group is assigned the task of

designing a better pastapot. You are very excited by anew strong, light aloy the group has just
produced, but will it make a good pasta pot? If it takes more than 10 minutes to boil water in a pasta
pot, it probably won't sell. So your boss asks you to caculate how long it would take water at room
temperature (23 °C) to reach boiling temperature (100 °C) in a pot made of the new dloy. Your
colleaguestell you that atypica pasta pot holds about 2 liters (2.0 kg) of water. They edtimate that a
pot made of the dloy would have amass of 550 grams, and a specific hesat capacity of 860 J/ (kg °C).
Y ou look in your physics book and find that water has a specific heat capacity of 4200 J/ (kg °C) and
its heat of vaporization is 2.3 x 106 Jkg. The owner's manud states that the burners on your stove
deliver 1000 Joules of heat per second. Y ou estimate that only about 20% of this heet is radiated

away.

. You are planning a birthday party for your niece and need to make at least 4 gallons of Kool-Aid,

which you would like to cool down to 32 °F (0 °C) before the party begins. Unfortunately, your
refrigerator is dready o full of treats that you know there will be no room for the Kool-Aid. So, with a
sudden flash of insght, you decide to start with 4 gallons of the coldest tap water you can get, which
you determineis 50 °F (10 °C), and then coal it down with a 1-quart chunk of ice you adready havein
your freezer. The owner's manud for your refrigerator states that when the freezer setting is on high, the
temperatureis-20 °C. Will your plan work? 'Y ou assume that the dengity of the Kool-Aid is about the
same as the dengity of water. Y ou look in your physics book and find that the dengity of water is 1.0
g/cmB, the density of iceis 0.9 g/cmB, the heat capacity of water is4200 J/ (kg °C), the heat capacity
of iceis 2100 J/ (kg °C), the heat of fusion of water is 3.4 x 10° Jkg, and its heat of vaporization is 2.3
x 106 Jkg.
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5. You are thinking ahead to spring when one of your friends is having an outdoor wedding. Your planisto
design the perfect lemonade for the event. The problem with lemonade is that you make it at room
temperature and then add ice to cool it to apleasant 10 °C. Usudly, the ice mdts diluting the lemonade
too much. To help you solve this problem, you look up the specific heat capacity of water (1.0 cal/(gm
°C)), the specific heat capacity of ice (0.50 cd/(gm °C)), and the latent heat of fusion of water (80
ca/gm). You assume that the specific heet capacity of the lemonade isthe same aswater. Sinceyou
will cool your lemonade in a Thermos jug, assume no heet is added to the lemonade from the
environment. Using that information, you caculate how much water you get from dl the ice mdting if you
make 6 quarts (5.6 kg) of lemonade at room temperature (23 °C) and add ice which comes straight
from the freezer at -5.0 °C.

6 Whileworking for agrain loading company over the summer, your boss asks you to determine the
efficiency of anew type of pneumatic elevator. The devator is supported in acylindrica shaft by a
column of air, which you assume to be an ideal gas with a specific heat of 12.5 Jmol-°C. Theair
pressure in the column is 1.2 x 10° Pawhen the devator carries no load. The bottom of the cylindrical
shaft opens out S0 that there isareservoir of air at room temperature (25° C) below the elevator when
it beginsloading. Seals around the elevator assure that no air escapes as the eevator moves up and
down. The devator has a cross-sectiona areaof 10 n. A cycde of eevator use begins with the
unloaded devator. The devator isthen loaded with 20,000 kg of grain while the air temperature Says
at 25° C causing the dlevator to Snk. Theair in the system is then heated to 75° C and the elevator
rises. The eevator isthen unloaded, whilethe air remainsa 75° C. Findly, theair in the sygemiis
cooled to room temperature again, returning the eevator to its garting level. While the devator is
moving up and down, you assume that it moves at a constant velocity so that the pressurein the gasis
constant.

7. Note: Thisproblem requires both mechanical energy and heet energy for asolution. In the class
demondtration, a 2.0-gram lead bullet was shot into a 2.0-kg block of wood. The block of wood with
the bullet stuck in it was hung from a string and rose to a height 0.50 cm aboveitsinitia position. From
that information we calculated that the initia speed of the bullet was about 300 n/s (close to the speed
of sound). What was the bullet like when it Sopped? Using conservation of energy and conservation of
momentum, we decided that the interna energy of the bullet, block system had increased substantialy.

If the change of internd energy of the bullet was haf that of the system, would this change be enough to
melt the bullet? Assume that the bullet had atemperature of 50 °C when it Ieft the gun. The mdting
temperature of lead is 330 °C. It has a specific heat capacity of 130 J(kg °C) and alatent heat of
fuson of 25 Jg. The specific heat capacity of wood is 1700 J(kg °C).
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Oscillations and Waves Problems

1. Oscillation: Y ou have been asked to evauate the design for a smple device to measure the mass of
gamadl rocks on the Moon. Therock is attached to the free end of alightweight spring which horizontal.
The surface on which the rock didesisadmost frictionless. Y ou are worried thet the kinetic energy of the
rock may make this device dangerous in some Stuations. The device specifications date that a 150 gram
rock will execute harmonic motion, with afrequency of 0.32 Hz, described by x(t) = A gn (bt - 35°)
when the rock has an initia speed of 1.2 cn/s.

3. Ocillations: Y ou and some friends are waiting in line for “The Mixer", anew carnivd ride. Theride
begins with the car and rider (150 kg combined) at the top of a curved track. At the bottom of the track
isa50 kg block of cushioned materia which is attached to a horizontal soring whaose other end isfixed in
concrete. The car dides down the track ending up moving horizontaly when it crashesinto the
cushioned block, sticksto it, and oscillates at 3 repetitions in about 10 seconds. Y our friends estimate
that the car starts from aheight of around 10 feet. Y ou decide to use your physics knowledge to seeiif
they are right. After the collision, you notice that the spring compresses about 15 ft from equilibrium.

3. Traveling Waves: Y ou' ve been hired as atechnica consultant to the Minnegpolis police department to
design aradar detector-proof device that measures the speed of vehicles. (i.e. one that does not rely on
sending out aradar Sgnd that the car can detect.)

Y ou decide to employ the fact that amoving car emitsavariety of characteristic sounds. Y our idea
Isto meke avery smdl and low device to be placed in the center of the road that will pick out a specific
frequency emitted by the car as it gpproaches and then measure the change in that frequency as the car
moves off in the other direction. The device will then send the initid and find frequenciesto its
microprocessor, and then use this data to compute the speed of the vehicle.

Y ou are currently in the process of writing a program for the chip in your new device. To complete
the program, you need aformulathat determines the speed of the car using the data received by the
microprocessor. Y ou may aso includein your formulaany physical congtants that you might need.

Because your reputation as a designer is on the line, you redize that you |l need find ways to check
the vdidity of your formula, even though it contains no numbers,

4. Traveling Waves: Y ou have the perfect summer job with ateam of marine biologists studying dolphin
communication off the coast of Hawaii. Massive boulders on the ocean floor can interrupt the reception
of underwater sound waves from the dolphins. To reduce these disruptions, your team has decided to
put severd "transcaivers' (adevice that receives asignd, amplifiesthe sgnd, and then tranamitsiit) at
drategic locations on the ocean floor. A transceiver will receive sound waves from a dolphin and then
retransmit them to the researchers on the ship. The ship’sreceiver ison along cable so that it isat
gpproximately the same depth as the dolphins. Because of your physics background, you worry that the
frequency recelved a the moving ship will be different than that emitted by the dolphin. To determine the
gze of this effect, you assume that the ship is moving at 35knvh away from the sationary transceiver.
Meanwhile, the dolphin is moving a 60kmv/h towards the transceiver and at an angle of 63° to the ship’s
path when it emits a sound frequency of 660Hz.

5. Wave Equation: A friend of yours, a guitarist, knows you are taking physics this semester and asks for
assistance in solving a problem. Y our friend explains that he keeps bresking repegtedly the low E string
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(640 Hz) on his Gibson "Les Paul" when he tunes-up before agig. The cost of buying new siringsis
getting out of hand, S0 your friend is desperate to resolve his Ddlia. Y our friend tells you that the E string
he is now using is made of copper and has a diameter of 0.063 inches. Y ou do some quick caculations
and, given the length of the neck of your friends guitar, estimate that the wave speed on the E string is
1900 ft/s. While reading about stringed instrumentsin the library, you discover that most musica
instrument strings will breek if they are subjected to a strain greater than about 2%. How do you suggest
your friend solve his problem?

. Standing Waves: Your friend, an artist, has been thinking about an interesting way to display anew
wind sculpture she has just created. In order to create an aurd aswell asvisud effect, she would like to
use the wires needed to hang the sculpture as a sort of a string instrument.  She decides that with three
wires and some luck, the strings will sound a C-mgjor dyad (C - 262Hz, G - 392 Hz) when the wind
blows (note: A dyad is part of achord.). Her basic design involves attaching a piece of wire from two
eye-hooks on the celling that are approximately a foot-and-a-half gpart and then hanging the 50 pound
sculpture from another wire attached to the first wire forming a"'y-shaped” arrangement. Y our friend

tells you that she has been successful in hanging the sculpture but not in "tuning” the sound. Desperate for
success, she knows you are taking physics and asks for your help. Before you tackle the analys's, you
use your knowledge of waves to gather some more information. Y ou take a sample of thewire back to
your lab and measure its linear mass dendity to be 5.0 g/m. Y ou aso determine that wire is some sort of
iron or stedl fromitscolor. What is your advice?

. Standing Waves: Y ou have asummer job in abiomedica engineering laboratory studying the
technology to enhance hearing. Y ou have learned that the human ear cand is essentidly an air filled tube
goproximately 2.7 cm long which is open on one end and closed on the other. Y ou wonder if thereisa
connection between hearing sengitivity and standing waves so you calculate the lowest three frequencies
of the tanding waves that can exist in the ear cand. From your trusty Physics textbook, you find that the
gpeed of sound in air is 343 m/s.

. Standing Waves: Y ou have joined ateam designing anew skyway that isto link the Physics Building to
the Mechanical Engineering Building. To make sure it will be stable in gusts of wind, you need to find the
lowest frequency that sets up a standing wave in the skyway structure. Y our group has decided to make
ascde mode of the skyway and put it into awind tunnd to determine the frequency. Unfortunately the
wind tunnel cannot be pulsed at avery low frequency. While the mode isin the wind tunnd you pulse
the wind until you find a frequency which sets up a sanding wave in the modd. 'Y ou then dowly increase
the frequency until you get the next sanding wave pattern. Using the two frequencies you have measured
together with the length of the skyway model you then caculate the lowest frequency which will set up a
gtanding wave.

. Energy, Frequency: You have an exciting summer job working on an oil tanker in the waters of
Alaska. Your Captain knows that the ship is near an underwater outcropping of land and wishesto
avoid running into it. He estimatesthat it is about 6 km straight ahead of the ship and asks you to use the
sonar to check how fast the ship is gpproaching it. The ship’singrumentstell you the ship is moving
through till water at a speed of 31 kvhr but the cgptain cannot take any chances. A sonar Sgnd is sent
out with afrequency of 980 Hz, bounces off the underwater obstacle, and is detected on the ship. If the
ship’'s speed indicator is correct, what frequency should you detect? Y ou use your trusty Physicstext to
find the speed of sound in seawater is 1522 m/s.
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10.

11.

12.

13.

14.

Rotations: Y ou are helping a friend build an experiment to test behavior modification techniques on rats.
She needs to build an obstacle that swings across a path every 1.0 second. To keep the experiment as
inexpensve as possible, she wants to use ameter gick as the swinging obstacle. She asksyou to
determine where to drill ahole in the meter stick so that, when it is hung by anail through thet hole, it will
do the job for smal swings.

Rotations: Your friend istrying to construct a clock for a craft show and asks you for some advice.
She has decided to congtruct the clock with a pendulum. The pendulum will be avery thin, very light
wooden bar with athin, but heavy, brassring fastened to one end. The length of the rod is80 cm and
the diameter of thering is 10 cm. Sheis planning to drill ahole in the bar to place the axis of rotation 15
cm from one end. Shewants you to tell her the period of this pendulum.

Rotations: The child of afriend has asked you to help with a school project. She wantsto build a
clock from common materials. She has found ameter stick which has amass of 300g and asks you to
determine where to drill aholein it so that when it is hung by anail through that hole it will be a pendulum
with aperiod of 2.0 seconds for smdl oscillations. A quick caculation tells you that the moment of
inertia of the meter stick about its center of massis 1/12 of its mass times the square of its length.

Rotations. You have apart timejob a a software company that is currently under contract to produce
aprogram smulating accidents in the modern commuter railroad station being planned for downtown.

Y our task is to determine the response of a safety system to prevent arailroad car from crashing into the
dation. Inthe smulation, a coupling fails causng a passenger car to bresk away from atrain and rall into
the gtation. Furthermore, the brakes on the passenger car have failed. It cannot stop on itsown so it
kegpson ralling. The safety system at the end of the track isalarge horizontal spring with a hook that
will grab onto the car when it hits preventing the car from crashing into the station platform. After the car
hits the spring, your program must calculate the frequency and amplitude of the car’s oscillation based on
the specifications of the passenger car, the specifications of the pring, and the speed of the passenger
car. Inyour smulation, the whedls of the car are disks with a significant mass and a moment of inertia
haf thet of aring of the same mass and radius. At this stage of your smulation, you ignore any energy
disspation in the car’ saxle or in the flexing of the spring, and the mass of the spring.

Rotations. Y ou have been asked to help design an automated system for gpplying aresstive paint to
plastic sheeting in order to mass produce containers to protect sengtive eectronic components from
datic dectric charges. The object used to apply the paint isasolid cylindricd roller. Theraller is
pushed back and forth over the plastic sheeting by a horizontd spring attached to ayoke, which inturnis
attached to an axle through the center of theroller. The other end of the spring is attached to afixed
post. To gpply the paint evenly, the roller must roll without dipping over the surface of the plagtic. The
meachine Smultaneoudy paints two narrow strips of plastic thet lay sde by side pardld to the axle of the
roller. Whilethe raller isin contact with one grip, afeed mechanism pulls the other strip forward to
expose unpainted surface. In order to determine how fast the process can proceed, you have been
assigned to caculate how the oscillation frequency of the roller depends on its mass, radius and the
diffness of the oring. Y ou know that the moment of inertia of a solid cylinder with respect to an axis
through its center is 1/2 that of aring.
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Concepts and principles from dectricity and magnetism can solve the problems in this section. The problems
are divided into five groups according to the magor principles required for solution: (1) eectric force and
fidd; (2) eectric potentia energy; (3) dectric power; (4) circuits, and (5) magnetic force and fidld. The
specific principles required are indicated in Itdics a the beginning of each problem.

Electric Force and Field

1. Electric Force: You and afriend are doing the laundry when you unload the dryer and the discussion
comes around to static electricity. Your friend wants to get someidea of the amount of charge that
causes gatic cling. Y ou immediately take two empty soda cans, which each have amass of 120 grams,
from the recycling bin. Y ou tie the cans to the two ends of a string (one to each end) and hang the
center of the string over anail sticking out of thewal. Each can now hangs straight down 30 cm from
the nail. Y ou take your flannd shirt from the dryer and touch it to the cans, which are touching each
other. The cans move gpart until they hang stationary at an angle of 10° from the vertica. Assuming
that there are equal amounts of charge on each can, you now calculate the amount of charge transferred
from your shirt.

2. Electric Force: You are part of adesign team assigned the task of making an dectronic oscillator that
will be the timing mechanism of amicro-machine. Y ou sart by trying to understand a smple moded
which is an dectron moving dong an axis through the center and perpendicular to the plane of athin
positively charged ring. 'Y ou need to determine how the oscillation frequency of the electron depends
on the sze and charge of the ring for displacements of the eectron from the center of the ring which are
smal compared to the Size of thering. A team member suggests that you first determine the
acceleration of the dectron dong the axis as a function of the Sze and charge of the ring and then use
that expresson to determine the oscillation frequency of the eectron for small oscillations.

3. Electric Force: You are spending the summer working for achemica company. Y our boss has asked
you to determine where a chlorine ion of effective charge -e would Stuate itsalf near a carbon dioxide
ion. The carbon dioxideion is composed of 2 oxygen ions each with an effective charge -2e and a
carbon ion with an effective charge +3e. Theseions are arranged in aline with the carbon ion
sandwiched midway between the two oxygen ions. The distance between each oxygen ion and the
carbonionis3.0 x 10™ m. Assuming that the chlorine ion is on aline that is perpendicular to the axis
of the carbon dioxide ion and that the line goes through the carbon ion, what is the equilibrium distance
for the chlorine ion relative to the carbon ion on thisline? For smplicity, you assume that the carbon
dioxide ion does not deform in the presence of the chlorineion. Looking in your trusty physics
textbook, you find the charge of the electron is 1.60 x 10™° C.

4. Electric Force: You have been asked to review anew apparatus, which is proposed for use at anew
semiconductor ion implantation facility. One part of the gpparatusis used to dow down He ionswhich
are pogitive and have a charge twice that of an eectron (Het+). This part conssts of acircular wire that
IS charged negatively so that it becomesacircle of charge. Theion hasaveocity of 200 m/swhen it
passes through the center of the circle of charge on atrgjectory perpendicular to the plane of the circle.
The circle has acharge of 8.0 nC and radius of 3.0 cm. The sample with which theion isto collide will
be placed 2.5 mm from the charged circle. To check if this device will work, you decide to caculate
the distance from the circle that the ion goes before it sops. To do this caculation, you assume that the
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circleis very much larger than the distance the ion goes and that the sampleis not in place. Will theion
reach the sample? Y ou look up the charge of an dectron and mass of the helium in your trusty Physics
text to be 1.6 x 10-19 C and 6.7 x 10-27 Kg.

5. Electric Force: You've been hired to design the hardware for anink jet printer. Y ou know thet these
printers use a deflecting electrode to cause charged ink dropsto form letters on apage. The basic
mechanism isthat uniform ink drops of about 30 microns radius are charged to varying amounts after
being sprayed out towards the page a a speed of about 20 m/s. Along the way to the page, they pass
into aregion between two deflecting plates that are 1.6 cm long. The deflecting plates are 1.0 mm apart
and charged to 1500 volts. Y ou measure the distance from the edge of the plates to the paper and find
that it isone-hdf inch. Assuming an uncharged droplet forms the bottom of the letter, how much charge
is needed on the droplet to form the top of aletter 3 mm high (11 pt. type)?

6. Electric Force: While working in aUniversty research laboratory your group is given the job of testing
an dectrodatic scae, which is used to precisly measure the weight of smal objects. The device
conggts of two very light but strong strings attached to a support so thet they hang Straight down. An
object is attached to the other end of each string. One of the objects has a very accurately known
weight while the other object isthe unknown. A power supply is dowly turned on to give each object
an dectric charge. This causes the objects to dowly move away from each other. When the power
supply is kept & its operating value, the objects come to rest at the same horizontd level. At that time,
each of the strings supporting them makes a different angle with the verticd and that angle is measured.
To test your understanding of the device, you firgt caculate the weight of an unknown sphere from the
measured angles and the weight of aknown sphere. Y our known is a standard sphere with aweight of
2.000 N supported by a string that makes an angle of 10.00° with the vertical. The unknown sphere's
gtring makes an angle of 20.00° with the vertical. Asa second step in your process of understanding
this device, estimate the net charge on a sphere necessary for the observed deflection if a string were 10
cmlong. Make sure to give the assumptions you used for this estimate.

7. Electric Force: You and afriend have been given the task of designing adisplay for the Physics
building that will demonsgtrate the strength of the eectric force. Y our friend comes up with an idea that
sounds neet theoreticaly, but you're not sure it is practica. She suggests you use an electric force to
hold a marble in place on adoped plywood ramp. She would get the dectric force by ataching a
uniformly charged semicircular wire near the bottom of the ramp, laying the wire flat on the ramp with
each of its ends pointing straight up the ramp. She daimsthat if the charges on the marble and ring and
the dope of the ramp are chosen properly, the marble would be balanced midway between the ends of
the wire.

To test thisidea, you decide to caculate the necessary amount of charge on the marble for areasonable
ramp angle of 15 degrees and a semicircle of radius 10 cm with a charge of 800 micro-coulombs. The
marble would roll in adot cut lengthwise into the center of the ramp. The mass of the lightest marble
you can find is 25 grams.

8. Electric Force, Gauss'sLaw: You have agreat summer job in aresearch laboratory with agroup
investigating the possibility of producing power from fuson. The device being desgned confines a hot
gas of pogtively charged ions, called plasma, in avery long cylinder with aradiusof 20cm. The
charge dengity of the plasmain the cylinder is 6.0 x 10-5 C/m3. Positively charged Tritium ions areto
be injected into the plasma perpendicular to the axis of the cylinder in adirection toward the center of
the cylinder. Your job isto determine the speed that a Tritium ion should have when it enters the
plasma cylinder so thet its velocity is zero when it reaches the axis of the cylinder. Tritium is an isotope
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of Hydrogen with one proton and two neutrons. Y ou look up the charge of a proton and mass of the
tritium in your trusty Physicstext to be 1.6 x 10-19 C and 5.0 x 10-27 Kg.

Electric and Gravitational Force: You and afriend are reading a newspaper article about nuclear
fuson energy generation in stars. The article describes the hdium nucleus, made up of two protons and
two neutrons, as very stable so it doesn't decay. Y ou immediately redlize that you don't understand why
the hdium nucleusis stable. 'Y ou know that the proton has the same charge as the eectron except that
the proton charge is pogitive. Neutrons you know are neutral. Why, you ask your friend, don't the
protons smply repel each other causing the helium nucleusto 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 isthat the two neutrons St in the center of the nucleus and gravitationdly attract the two protons.
Since the protons have the same charge, they are always as far apart as possible on opposite sides of
the neutrons. What mass would the neutron have if thismodd of the heium nucleus works? Isthet a
reasonable 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 ahelium nucleusis 3.0 x 1013 cm.

Electric Field: You are helping to design a new eectron microscope to investigate the sructure of the
HIV virus. A new device to position the eectron beam conssts of a charged circle of conductor. This
circleisdivided into two haf circles separated by athin insulator so that half of the circle can be

charged positively and haf can be charged negatively. The dectron beam will go through the center of
thecircle. To complete the design your job isto caculate the eectric fidd in the center of the circleasa
function of the amount of positive charge on the hdf cirde, the amount of negeative charge on the half
circle, and the radius of the circle,

Electric Field: Y ou have asummer job with the telephone company working in agroup investigating
the vulnerability of underground telephone lines to natura disasters. Y our task isto write a computer
program which will be used determine the possible harm to a telephone wire from the high eectric fidlds
caused by lightning. The underground telephone wire is supported in the center of along, straight stedl
pipe that protectsit. When lightening hits the ground it charges the stedl pipe. Y ou are concerned that
the resulting eectric fidld might harm the telephone wire. Since you know that the largest field on the
wire will be where it leaves the end of the pipe, you caculate the eectric field at that point as afunction
of the length of the pipe, the radius of the pipe, and the charge on the pipe.

Electric Potential Energy

12.

Electric Potential Energy: While Stting in arestaurant with some friends, you notice that some "neon”
ggns are different in color than others. Y ou know that these Sgns are essentialy just gas sedled ina
glasstube. The gas, when heated dectricdly, gives off light. One of your friends, who is an at mgor,
and makes such signs as sculpture, tells you that the color of the light depends on which gasisin the
tube. All "neon" sgns are not made using neon gas. Y ou know that the color of light tellsyou its
energy. Red light isalower energy than blue light. Since the light is given off by the atoms, which make
up the gas, the different colors must depend on the structure of the different atoms of different gases.
Suppose that atomic structureis as given by the Bohr theory which states that eectrons are in uniform
circular motion around a heavy, motionless nucleusin the center of the atlom. Thistheory also Sates that
the electrons are only dlowed to have certain orbits. When an atom changes from one alowed orbit to
another dlowed orhit, it radiates light as required by the conservation of energy. Since only certain
orbits are dlowed, so the theory goes, only light of certain energies (colors) can be emitted. This seems
to agree with the observations of your artist friend. 'Y ou decide to test the theory by caculating the
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13.

14.

15.

16.

17..

energy of light emitted by a smple atom when an eectron makes a trangtion from one alowed orbit to
another. Y ou decide to consider hydrogen since you know it is the Smplest atom with one electron and
anucleus congsting of one proton. 'Y ou remember that the proton has a mass 2000 times that of an
electron. When you get home you look in your textbook and find the electron massis

9x 1031 kg and itschargeis 1.6 x 10-19 C. Theradius of the smdlest alowed dectron orbit for
hydrogen is 0.5 x 1010 meters, which determines the norma size of the atlom. The next dlowed orbit
has aradius 4 times as large as the smallest orbit.

Electric Potential Energy: You have agrest summer job working in a cancer research laboratory.

Y our team istrying to condruct agas laser that will give off light of an energy that will pass through the
skin but be absorbed by cancer tissue. 'Y ou know that an atom emits a photon (light) when an electron
goes from a higher energy orbit to alower energy orbit. Only certain orbits are allowed in a particular
atom. To begin the process, you cdculate the energy of photons emitted by a Helium ion in which the
electron changes from an orbit with aradius of 0.30 nanometers to another orbit with aradius of 0.20
nanometers. A nanometer is 10° m. The helium nucleus consists of two protons and two neutrons.

Electric Potential Energy: Your job isto evauate an eectron gun designed to initiate an electron
beam. The dectrons have a 20 cm path from the heating e ement, which emits them to the end of the
gun. This path is through avery good vacuum. For most applications, the eectrons must reach the end
of the gun with a peed of at least 107 nV/s. After leaving the heating eement, the dectrons pass through
a 5.0 mm diameter holein the center of a3.0 cm diameter charged circular disk. The disk’s charge
dengty iskept a 3.0 "C/me. The heating eement is a spherica eectrode 0.10 mm in diameter thet is
kept at avery high charge of -0.10C. Thereis 1.0 cm between the heating e ement and the hole in the
disk. Your firgt step isto determine if the eectrons are going fast enough. Y our boss has pointed that
the hole in the disk istoo large to ignore in your caculaions. Using your physicstext you find thet the
mass of the eectron is9.11 x 10-31 kg.

Electric Potential Energy - Gauss' s Law: Y ou have landed a summer job working with an
Astrophysics group investigating the origin of high-energy particlesin the gdaxy. The group you are
joining has just discovered alarge spherica nebulawith aradius 1.2 million km. The nebula congdts of
about 5 x 1010 hydrogen nucle (protons) which gppear to be uniformly distributed in the shape of a
phere. At the center of this sphere of positive chargeisavery smal neutron star. 'Y our group had
detected dectrons emerging from the nebula. A friend of yours has a theory that the eectrons are
coming from the neutron star. To test that theory, she asks you to ca culate the minimum speed that an
electron would need to start from the neutron star and just make it to outsde the nebula. From the
indgde cover of your trusty physicstext you find that the charge of a proton (and an eectron) is 1.6 x 10-
19 C, the mass of the proton is 1.7 x 10-27 kg, and the mass of the electronis 9.1 x 10 -31 kg.

Electric Potential Energy, Gauss' s Law: Y ou are working in cooperation with the Public Hedth
department to design an electrodtatic trap for particles from auto emissons. The average particle enters
the device and is exposed to ultraviolet radiation that knocks off electrons so that it has a charge of

+3.0 x 10-8 C. Thisaverage particle is then moving a a gpeed of 900 n/sand is 15 cm from avery
long negatively charged wire with alinear charge dengity of -8.0 x 10-6 C/m. The detector for the
particleislocated 7.0 cm from the wire. In order to design the proper kind of detector, your colleagues
need to know the speed that an average emission particle will have if it hits the detector. They tell you
that an average emission particle hasamass of 6.0 x 109 kg.

Electric Potential Energy, Heat Energy (Heat Capacity, Latent Heat): You arereading a
newspaper report of alightning strike in Jackson, Wyoming. Two men were Stting a atable outsde a
amadl cafe on a beautiful 30 oC day when a thunderstorm approached. Suddenly, a balt of lightning
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struck alarge aspen tree near their table. Needlessto say, the men were very startled. One of the men
remarked, "It just about scared the espresso out of me." They reported that when the bolt hit the tree
and there was aloud hiss and arelease of much steam from the tree. The lightning had boiled away
some of thetreg's sap. Y ou are curious, and wonder how much water could be evaporated in this
manner. So you study your physics book and make afew estimates and assumptions. Y ou estimate
that the dectric potentia difference between the tree and the thunderhead cloud was about 108 volts,
and the amount of charge released by the bolt was about 50 Coulombs. Y ou aso assume that about
1% of the eectricd energy was actudly transferred into the sap, which is essentidly water. The specific
heat capacity of water is 4200 J(kg °C) and its heat of vaporizationis 2.3 x 105 Jkg.

18. Electric Potential Energy, Gravitational Force: NASA has asked your team of rocket scientists
about the feagibility of a new satellite launcher that will save rocket fue. NASA'sideais basicdly an
electric dingshot that conssts of 4 dectrodes arranged in a horizonta square with sides of length d at a
height h above the ground. The satellite is then placed on the ground aigned with the center of the
square. A power supply will provide each of the four eectrodes with a charge of +Q/4 and the satdllite
with a charge -Q. When the satdllite isreleased from ret, it moves up and passes through the center of
the square. At the ingtant it reaches the square's center, the power supply is turned off and the
electrodes are grounded, giving them a zero eectric charge. To test thisidea, you decide to use energy
congderations to caculate how big Q will have to be to get a 100 kg satellite to a sufficient orbit height.
Assume that the satdllite starts from 15 meters below the square of eectrodes and that the sides of the
square are each 5 meters. In your physicstext you find the mass of the Earth to be 6.0 x 1024 kg.

19.. Electric Potential Energy, Mechanical Energy: Y ou have been ableto get apart-timejobina
Universty laboratory. The group is planning a set of experiments to study the forces between nucle in
order to understand the energy output of the Sun. To do this experiment, you shoot apha particles
from aVan de Graaf accderator a asheet of lead. The dpha particle is the nucleus of a hdium atom
and ismade of 2 protons and 2 neutrons. The lead nucleusis made of 82 protons and 125 neutrons.
The mass of the neutron is amost the same as the mass of a proton. To assure that you are actudly
studying the effects of the nuclear force, an dpha particle should come into contact with alead nucleus.
Assume that both the apha particle and the lead nucleus have the shape of asphere. The apha particle
has aradius of 1.0 x 10-13 cm and the lead nucleus has aradius 4 times larger. Y our boss wants you to
make two calculations:

(& What isthe minimum speed of such an dpha paticleif the lead nucleusisfixed at rest?
(b) What isthe potentid difference between the two ends of the Van de Graaf accderator if the dpha
particle starts from rest at one end (from a bottle of helium gas)?

Electric Power

20. It'sacool day, about 10 °C, so you plan to make about 5.0 kg of clear soup using your dow cooking
crockpot. To decide whether the soup will be ready for dinner, you estimate how long it will take
before the soup getsto its boiling point. Before adding the ingredients, you turn the crockpot over and
read that it is a 200-ohm device that operates at 120 volts. Since your soup is mostly water, you
assume it has the same thermd properties as water, o its specific heat capacity is 4200 J(kg oC) and
its heat of vaporization is 2.3 x 106 Jkg.

21. You are working with acompany that has the contract to design a new, 700-foot high, 50-gtory office
building in Minnegpalis. Y our boss suddenly bursts into your office. She has been taking with an
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22.

engineer who told her that when the eevator is operating a maximum speed, it would take the 6500-1b
loaded elevator one minute to rise 20 sories. She thinks thisistoo long atime for these busy executives
to spend in an devator after returning from lunch at the Minnegpolis Athletic Club. She wants you to
buy abigger power supply for the devator. Y ou look up the specifications for the new supply and find
that it is the same as the old one except that it operates at twice the voltage. Y our boss's assistant
argues that the operating expenses of the new power supply will be much more than the old one. Y our
boss wants you to determineif thisis correct. Y ou estimate that while the evator runs at maximum
speed, the whole system, including the power supply, is 60% efficient. The cost of dectricity is $0.06
per kilowatt-hour (commercid rate).

Y ou have findly graduated from college and found a job with the Washington State Agricultura
Concerns Group. Farmers and fishermen are concerned that the rate that water flows in the Columbia
river, which is controlled by dams, will not be adequate for both irrigation needs and sdmon spawning.
The dams control the river's flow rate to produce most of the electrica power for cities dong the West
Coadt. Your group leader assgns you the task of caculating the volume of water per second (flow
rate) which normaly would flow through the Grand Coulee Dam, the largest on the Columbia River.
Shetdlsyou that this dam typically generates 2000 megawatts (MW) of power and is 50% efficient in
converting the water's energy to eectrical energy. The dam is 170 meters high ,and the water iskept in
alake 10 meters below the top of the dam. The Columbia River is 170 meterswide a the dam. The
density of water is 1.00 g/cms.

Circuits

23.

24,

Ohm's Law: Because of your physics background, you landed a summer job as an assistant technician
for atelephone company in Cdifornia. During a recent earthquake, a 1.0-mile long underground
telephone lineis crushed a some point. This telephone line is made up of two parale copper wires of
the same diameter and same length, which are normaly not connected. At the place wherethelineis
crushed, the two wires make contact. Y our boss wants you to find this place so that the wire can be dug
up and fixed. 'Y ou disconnect the line from the telephone system by disconnecting both wires of the line
at both ends. 'Y ou then go to one end of the line and connect one termind of a6.0-V battery to one
wire, and the other termina of the battery to one termina of an ammeter (which has essentidly zero
resstance). When the other terminal of the ammeter is connected to the other wire, the ammeter shows
that the current through thewireis 1 A. 'Y ou then disconnect everything and travel to the other end of
the telephone line, where you repest the process and find a current of 1/3 A.

Ohm'sLaw: You have asummer job in the University ecology lab. Y our supervisor asks you to
duplicate an eectromagnet that she has borrowed. Shetdls you that this el ectromagnet is made by
wrapping awire many times around a piece of iron and provides you with al the parts, the same type of
wire of the same diameter and an identical iron core. What you need to know is how much wire to
wrgp around the iron. Unfortunately, you cannot smply unwrap the wire from the borrowed magnet
because that will destroy it. On the Side of the electromagnet, it tells you that when a potentia
difference of 12 V is put across the ends of itswire, thereisacurrent of 0.06 A through thewire. With
abrilliant flash of ingght, you redlize that the cross-sectiona area and the conductivity is the same for
both the magnet's wire and the wire you have, 0 you can find the length with asmple experiment. You
cut off a 100-foot piece of identica wire from your supply, attach it to a 1.5-V flashlight battery and
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measure acurrent of 0.10 A through that wire. Eurekal you can now find the length of the magnet's
wire.

Electric Power: You and afriend are sudying for an exam and the session goes until the early
morning. At about 4 am you decide to cook some breakfast. Despite being deepy you've got the
coffee perking. Now you want to make some waffles but you redlize there might be aproblem. The
1000-watt waffle iron and the 600-watt coffee maker are plugged into the 110 V kitchen electrica
outlets. If you plug in your 700-watt blender, will you overload the 20 A circuit bresker? The circuit
bresker protects those kitchen circuit wires that have the most current from carrying too much current.
Y ou are trying to figure out how the eectrica outlets are connected together in a circuit when your
friend reminds you that when you disconnect the coffegpot, the waffle iron stayson. Now everything is
Clear.

Electric Power: You and afriend are sudying for afina and the sesson goes until the early morning.
About 4 AM you decide to cook some breskfast. Despite being deepy, things are going well. The
waffles are cooking and the coffeeis perking. Should you make some toast now? The 1000-watt
waffle iron and the 600-wait coffee maker are plugged into kitchen wall dectricd outlets. Y ou will dso
use akitchen wall outlet for the toaster. The kitchen wall outlets are dl part of the same 110-V circuit
which has a 20-A circuit bregker (with negligible resstance) to protect the wire carrying the largest
current from getting too hot. (Some homes have fusesto do the same job). Y ou know that if you plug
in too many appliances you will overload the circuit bresker. The toaster label says that its power
output is 700 watts.

Electric Power: Asamember of the safety group for the gpace shuttle scientific program, you have
been asked to evauate an eectronics design change. 1n order to improve the reliability of acircuit to be
used in the next shuttle flight, the experimenta design team has suggested adding a second 12 V battery
to the circuit. The equivaent resstances of the proposed design are shown below. You are worried
about the heat generated by the device with the 20 ohm resistance since it will be located next to a
sengtive low temperature experiment so you do the gppropriate caculation.

200 £2

12 %= 200 Ao 17y

100 <2
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28.

29.

Electric Power: Aspart of your summer
job as adesign engineer at an electronics
company, you have been asked to ingpect the gyt
circuit shown below. Theresstors are rated -
at 0.5 Wats, which means they burn-up if

more than 0.5 Watts of power passes

through them. Will the 100W resstor in the

o o
circuit burn-up? 200W

— 6V

Electric Power: Whiletrying to find the power ratings of your appliances you find their circuit
diagrams. Looking them over, your friend believes there must be atypo in the circuit diagram of your
toaster. The heating dement that toasts the bread is listed as having aresstance of 5 ohms. A variable
resgtor, which is changed by a knob on front of the toaster, has arange of from 2 to 20 ohms. Y our
friend feds that an element with this resstance will not toast bread properly. Based on the circuit
diagram, given below, you decide to cdculate the maximum power output by the heating element.

¥omin =20
110 v o R,

E"."ITIE.':{ =20
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M agnetic Force and Field

30.

31.

Magnetic Force: Y ou are working on a project to make a more efficient engine. Your team is
investigating the possibility of making eectricaly controlled valves that open and close the input and
exhaugt openings for an internal combustion engine. Y our assgnment is to determine the stability of the
vave by calculaing the force on each of its Sdes and the net force on the valve. The vaveis made of a
thin but strong rectangular piece of non-magnetic materid that has aloop of current carrying wire aong
itsedges. Therectangleis0.35cm x 1.83 cm. Thevaveis placed in a uniform magnetic field of 0.15
T such that the fidd liesin the plane of the valve and is pardld to the short Sides of therectangle. The
region with the magnetic fied is dightly larger than the vave. When aswitchiscdlosed, al.7 A current
enters the short side of the rectangle on one side of the valve and leaves on the opposite Side. To give
different currents through the wires dong the long sides of the vave, aresstor isinserted into the wire
on each of these Sdes. The vaue of the resstor on one sde istwice that on the other sde,

Magnetic Force: Y ou have landed a great summer job in the medica school asssting in aresearch
group investigating short lived radioactive isotopes which might be ussful in fighting cancer. Y our group
isworking on away of trangporting dpha particles (Helium nuclel) from where they are made to another
room where they will collide with other materid to form the isotopes. Since the radioactive isotopes are
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not expected to live very long, it isimportant to know precisaly how much time it will take to transport
the dpha particles. Y our job isto design that part of the transport system which will deflect the beam of
aphaparticles (m = 6.64 x 10-27 kg, g = 3.2 x 10-19 C) through an angle of 900 by usng amagnetic
fidd. The beam will be traveling horizontaly in an evacuated tube. At the place the tube isto make a
900 turn you decide to put a dipole magnet which provides a uniform vertica magnetic field of 0.030 T.
Y our design has atube of the gppropriate shape between the poles of the magnet. Before you submit
your design for congderation, you must determine how long the dpha particles will spend in the uniform
magnetic field in order to make the 90°-turn.

Magnetic Force: You've just learned about the earth's magnetic field and how a compass works and
you arerdaxing in front of the TV. Tired of your show, you think about how the picture tube worksin
relation to what you have learned. In atypica color picture tubefor a TV, the dectrons are boiled off
of acathode at the back of the tube and are accelerated through about 20,000 volts towards the picture
tube screen. On the screenisagrid of “"color dots' aout 1/100 inch gpart. When the electrons hit
them, the dots scintillate their appropriate colors producing the color picture. Without taking apart the
S, you determine whether the manufacturer needed to shield the color picture tube from the earth's
magnetic fidd?

Magnetic Field (Biot-Savart Law): You are continualy having
troubles with the CRT screen of your computer and wonder if it is

due to magnetic fieds from the power lines running in your I:u
building. A blueprint of the building shows thet the nearest power
lineis as shown below. Your CRT screen is located a point P. P#J\?'I'D I

Cdculate the magnetic field a P as a function of the current | and
the distancesaand b. Segments BC and AD are arcs of
concentric circles. Segments AB and DC are straight-line D
segments. C

Magnetic Field - Ampere’s Law: While sudying intensely for your physics fina you decide to take a
break and listen to your stereo. As you unwind, your thoughts drift to newspaper stories about the
dangers of household magnetic fields on the body. Y ou examine your stereo wires and find that most of
them are coaxiad cable, athin conducting wire at the center surrounded by an insulator, which isin turn
surrounded by a conducting shell. Theinner wire and the conducting shell are both part of the circuit
with the same current (I) passing through both, but in opposite directions. Asaway to practice for your
physicsfind you decide to caculate the magnetic fidd in the insulator, and outside the coaxid cableasa
function of the current and the distance from the center of the cable. Asan additiond chalengeto
yoursdlf, you caculate what the magnetic field would be (as afunction of the current and the distance
from the center of the cable) insde the outer conducting shell of the coaxid cable. For this you assume
that the inner radius of the conducting shdll is Rq and the outer radiusis Ro.
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35. Magnetic Force - Faraday's Law: Y ou have asummer job working at a company developing
systemsto safdy lower large loads down ramps. Y our team is investigating a magnetic system by
modeling it in the laboratory. The safety system is a conducting bar that dides on two pardléd
conducting rails that run down the ramp. The bar is perpendicular to the rails and isin contact with
them. At the bottom of the ramp, the two rails are connected together. The bar dides down therails
through avertica uniform magnetic fidld. The magnetic field is supposed to cause the bar to dide down
the ramp at a congtant velocity even when friction between the bar and the railsis negligible. Before
setting up the laboratory modd, your task is to calculate the congtant vel ocity of the bar diding down
the ramp onrailsin averticd magnetic field as afunction of the mass of the bar, the srength of the
magnetic field, the angle of the ramp from the horizonta, the length of the bar which isthe same asthe
distance between the tracks, and the resstance of the bar. Assumethat al of the other conductorsin
the system have a much smaler resistance than the bar.
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