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The set includes problems involving translatioriakkic energy, the gravitational potential
energy of objects near the surface of the eartd,the principle of the conservation of
mechanical energy. Unless otherwise specifietierproblem the given symbols are to be
considered known. Solve for the sought quantitgrims of the given symbols. Express your
answer by writing the symbol for the sought qugralt by itself on the left side of an equation,
and, on the right side of that same equation,imgitin algebraic expression in which the
symbols representing quantities are all given symbo

1) A rock is thrown straight upward. It leaves theowers hand at a heightabove the surface
of the earth with a spead How high above the surface of the earth doesatle go? Neglect
air resistance.

2) A pebble of massiis shot, over flat level ground, from a sling shdhe pebble is shot at an
angled above the horizontal whetkis greater than®Obut less than 30 The pebble leaves the
sling shot at ground level. At the highest pomits trajectory, the pebble is traveling at speed
v' at heighth above the ground. At what speed did the pebhbleel¢he sling shot? Neglect air
resistance.

3) A bullet of massn is fired straight upward. It leaves the muzzléhef gun with a speed

The bullet goes straight up and comes straight daekn. By the time it again arrives at the
point where it left the muzzle of the gun, it hagedocity v' which is less thaw. How much
mechanical energy is lost by the bullet on its mbtrip (which starts and ends at the point where
the bullet leaves the muzzle of the gun).

4) A ball of massn is hanging by a string of negligible mass. Thkibgulled to one side, a
distance such that the ball is raised through ghtéi The ball is released from rest. It swings
away from the point of release. Find the speeti@ball at the bottom of its swing.

5) Depicted at right is a metal ball of massnd negligible Ly

diameter. The ball is suspended from a fixed sugpoa
massless string. The string is just barely in aonivith a
cylinder of radius- that is fixed in position so that it can
neither move nor turn. A person pulls the ballamg away h
from the cylinder until the string is horizontalhe person
releases the ball from rest. It swings down amah round L
the cylinder as the string wraps itself arounddyiender.
How fast is the ball going when it is at the highassition it - O
reaches subsequent to the string starting to wsaf§ around /'
Fixed

the cylinder?

Cylinder
of radiusr o Y~




SAC102

6) A uniform block of masm has the shape of a cube of edge lehgth flat straight horizontal
board of length. and widthw has two lines marked on the top face of it. Hahextends
across the width of the board and is perpendidoléne length of the board. The lines are a
distanced apart from each other. The top face of the b@&aso slippery that we can consider it
to be frictionless. A person lifts and props up @nd of the board high enough so that the board
makes an anglé with the horizontal (while the two drawn line atill horizontal). The board
is fixed in place in this orientation. Then thegmn brings one side of the block into contact
with the top face of the board and positions tleklso that the lowest edge of the block is
aligned with the higher drawn line on the boardhe person releases the block from rest so
skillfully that the block slides down the inclindédard without spinning. How fast is the block
moving when the lowest edge of the block is align&t the lower drawn line on the board?



SAC103

1) A person puts a wooden block of masen top of an ideal, massless, vertical springpodé
constank and unstretched/uncompressed lerigthThe bottom of the spring is on a flat
horizontal floor. The person holds onto the blbgkhe sides of the block and presses
downward on the spring with the block, compresshegspring until its length is, then,
suddenly, releases the block from rest. The bigxs straight up into the air. At the highest
point in its motion, how high above the floor igthlock?

2) A block on a frictionless table is pushed agaankorizontal spring of spring constant
compressing it by an amouxt The block is released from rest. The springpdgwresses. The
block slides off the end of the table and landshenfloor a vertical distangebelow. Assume
the block has masa. What is the speed of the block just beforets the floor?

3) An experimental bus uses a massive, rapidlynapgnflywheel, of moment of inertia as a
source of energy. As the bus uses energy, thehéghslows down. Instead of refueling, the
driver of the bus visits a spinning station, ateththe flywheel is spun back up to high speed for
further travel of the bus. Suppose the bus startsat rest, at the bottom of a mountain with the
flywheel spinning at ratev. Further suppose that the gross mass of tharmgding flywheel,
driver, and occupants, m. What is the maximum theoretical elevation inseethat the bus can
achieve without a visit to a spinning station?idqfiwn and air resistance are to be neglected in
calculating the maximum theoretical value. The imann theoretical value represents an upper
limit which can never actually be achieved. Ingbice, the more one can reduce mechanical
energy losses due to friction and air resistareehtgher the bus can go.)

4) In driving westward on a road, one goes ovetl.a After the hill the road becomes level. A
person releases a wheel of masand moment of inertid, from rest, from a point near the top
of the hill. At that point, the wheel is at anvaé@onh relative to the flat horizontal road to the
west of that point. The wheel rolls westward, ddha hill. In rolling, the wheel is both
spinning and moving forward. If, upon arrival bé tflat horizontal stretch of road, the wheel is
moving forward at speed’, how fast is it spinning?
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Unless otherwise specified in the problem the gsyanbols are to be considered known. Solve
for the sought quantity in terms of the given sylsib&xpress your answer by writing the symbol
for the sought quantity all by itself on the leftesof an equation, and, on the right side of that
same equation, writing an algebraic expression lmcl the symbols representing quantities are
all given symbols.

1) An ideal massless horizontal spring of forcestant (a.k.a. spring constaktand unstretched
lengthL, is perpendicular to a wall. One end of the spréngttached to the wall. The spring
rests on a horizontal frictionless surface. A parBrings a block of mass into contact with the
other end of the spring. The block is on the lwnal surface. The person pushes the block
toward the wall until it, the block, is a distarecéom the wall. The person releases the block
from rest. Find the momentum that the block héer d@if loses contact with the spring.

2) Find the speed of a rock which has kinetic ep&@nd a momentum of magnituge

3) A bullet of massn, is fired horizontally at speed into a block of wood of mass, which is
sliding at speed, directly away from the gun on a frictionless horital surface. The bullet

becomes stuck in the block of wood and the blockadd continues sliding away from the gun
but at a different speed. Find that speed.

4) A tire swing hangs at rest over a gully. A gmdnts to swing on it but can't reach it. The,tire
of masam, is oriented the same way it would be if the was rolling directly away from the

girl. The girl throws a rock of mass. at the tire and hits the tire right in the middfehat part

of the tire that is facing her. At the instanttjpsor to its collision with the tire, the rock is
traveling horizontally, straight at the tire (defd to be the positive direction for the velocities
this problem), with velocity.. At the instant just after the collision the rd@s a velocity,.'.
(Treatv,' as a known quantity even though you are not esenwvhether the value of.' is
positive or negative. A positive value af corresponds to the rock traveling in its original
direction of motion after the collision, but, a aéige value corresponds to the rock traveling
back toward the girl after the collision. Your czwrect answer will be valid for either case. It
iS up to the user of your answer to substitutevtiiee ofv,' with the correct sign when using
your answer for cases in which numbers, with uvemig direction information, are given.) Ignore
the mass of the rope. Find the velocity of the iinmediately after the collision.

5) A block of massn slides down a frictionless incline which makesaagled with the
horizontal. Initially the block is a heighthigher than it is when it is at the bottom of theline.
At the bottom, it strikes a block of mass(M is greater tham) which is at rest on a horizontal
surface. The collision is head-on and completigte.

a) Find the speed of each block immediately aftercollision.

b) To what maximum new height will the lighter otfjslide up the incline after the
collision?
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6) Block 1 of massn, and block 2 of mass, are both at rest on a flat horizontal frictionless
table top that is a heightabove the surface of the floor. The two bloclsattached to opposite
ends of an ideal massless spring of unstretchefdHdng and force constamt A person pulls the
blocks apart. In doing so, she stretches the ganynan amount. Then she simultaneously
releases both blocks from rest. Measurementsespleds of the blocks (relative to the table
top) taken at timé (measured from the instant she releases the hlogken the spring is still
somewhat stretched, show that block 1 is movingatovblock 2 with speed,' . How much is

the spring stretched at that instant?

7) Two disks are sliding, without spinning, towaath other on a flat horizontal frictionless
surface. The two disks have the same thicknessk Dhas diametef;, massn, and speed,.

Disk 2 has diameted,, masam,, and speed,. The two disks collide. The collision is not

completely elastic. After the collision, disk 2aisrest and disk 1 is moving. How much of the
kinetic energy of translation was transformed mwitieer forms as a result of the collision?
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Angular Momentum Accounting Problems

1) A man is standing on a horizontal stationark dmunted on frictionless bearings such that it
is free to rotate about a vertical imaginary akest ppasses through the center of the disk. The
moment of inertia of the disk 5§ The man jumps up in the air with a twisting roatsuch that
while he is in the air he is spinning with an arguhomentunt. counterclockwise (about the
aforementioned vertical axis) as viewed from aboMew fast and which way is the disk
spinning while the man is in the air?

2) Rifles owe their accuracy in large part to thet that they impart a spin to bullets. The ballet
fired from a rifle acquire a spin about an axisgflat to, and through the center of, the rifle
barrel. The principle of the conservation of dagumomentum can be used to explain why this
keeps the bullets from tumbling. (Tumbling resuttgir resistance forces which push the
bullets off course in a random manner, somethingetavoided if accuracy is desired.) To
determine how fast a bullet fired from a rifle spima person fires a bullet of known moment of
inertiaIg vertically downward into the center of a blockwadod resting on a frictionless
horizontal surface. The bullet becomes embeddéakitlock of wood and the block of wood is
observed to be spinning with an angular velocitydé€lockwise as viewed from above. The
person then takes the block of wood with the bidiabedded in it and measures the moment of
inertia with respect to the axis about which it lheen rotating. She finds the moment of inertia
of the combination object, block plus bullet, tolge How fast and which way was the bullet
spinning after it left the rifle but before it liie block?

3) A horizontal disk of mas® and radiug is spinning at angular velocity counterclockwise,
without friction, about an imaginary vertical axisough its center. (The moment of inertia of a

uniform disk of massn and radius- with respect to its axis of symmetry4sn~>.) An identical

disk that is not spinning is dropped from restpfrppist barely above the spinning disk, onto the
spinning disk. The two disks stick together anich 53 one doubly-thick disk of radius Upon
release, the upper disk is so close to the lowsd tthat the distance that it drops is negligibly
small. How much mechanical energy is lost by §stesn (converted to another form or other
forms) as a result of the upper disk being dropgaeh, and sticking to, the lower disk.

4) Consider a horizontal uniform board of mags, moment of inertia (with respect to a vertical
axis through its centei, length/, widthw, and thickness Underneath the board is a
horizontal disk of massy,, moment of inertia (with respect to a verticalsatkirough its center)
I, radiusR, and the same thickness as the boarthe center of the top of the disk is glued to
the center of the bottom of the board and the bsaattached, at its center, to the bottom of a
thin vertical rod of negligible mass. The toplod trod is attached to the ceiling in such a manner
that the rod is free to spin, with negligible fract, about the central vertical axis of the rocheT
combination object is spinning freely, counterclvde as viewed from above, about that
vertical axis. The magnitude of the angular momembf the combination objectlis The disk
comes loose from the board and, while maintainisgpaorizontal orientation, falls to the floor.
After the disk comes loose from the board, whalhésangular velocity of the board?
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1) A car moves along a straight road with constaceleration. At time 0, the car is 122 m
ahead of the start line and moving forward ad&n/h. 500 seconds later, the car is 398 m
ahead of the start line.

a) Find the acceleration of the car. After yowcakdte your answer, state your answer by
giving a magnitude (a positive value with unitsgiandirection (write the word "forward"
or the word "backward").

b) Find the velocity of the car at time=5.00s. State your answer by giving a magnitude
and a direction.

2) A train travels along a straight track at a tansacceleration of. 8550m/<". At the start of
observations, the train is already moving forwartizan/s and the nose of the engine is already
826m past a railroad crossing sign that you, as aargbs, are using as a reference position.
How fast is the train going when the nose of thgiremis 1000km past the same sign?

3) A cart on a straight, horizontal air track (®donsidered frictionless) is caused to accelerate
forward by means of a string tied to the fronthad tart. The string extends forward horizontally
from the cart and passes over a pulley. From tterstring extends downward to a block tied
to the end of the string. The block is fallingagght downward and the string is pulling the cart
forward such that both objects have an accelerationagnitude 25m/s". At the start of
observations, the cart is already moving forwartl@m/s. How much time does it take,
beginning at the start of observations, for thé waachieve a speed o2Bm/s?
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One-Dimensional Projectile Motion Problems

1) A boy throws a rock straight upward. The rtezkves the boy’s hand at a point that.#0n
above ground level. The maximum altitude achidwethe rock is 1(Bm.

a) How fast is the rock going when it leaves thg' ®band?

b) How long does it take (starting at the instahewthe rock leave’s the boy’s hand) for the
rock to achieve it's maximum altitude?

c) What is the total time of flight of the rockThe time of flight is the duration of the time
interval starting at the instant when the rocleisased from the boy’s hand and ending at
the instant the rock hits the ground.)

d) How fast is the rock going when it hits the grdat the instant the rock first makes contact
with the ground but before the ground has causgdiacrease in the speed of the rock)?

2) A girl drops a rock, from rest, from a poinaths 140m above ground level. .30 seconds
later she throws a rock straight downward, releagifrom the same exact point at which the
other rock was released, with a speed dd&is. Do the rocks collide before either one Hits t
ground? If so, at what elevation above the gradmek the collision occur? If not, how high
above the ground is the thrown rock when the drdppek hits the ground?

3) A person throws a rock straight downward. b instant the rock is released, it is@h
above the ground. .38 seconds later, the rock hits the ground. H®wvas the rock going at
the instant the person released it?

4) (Use numerical methods to solve this one.) Bjed is thrown straight downward with an
initial speed of 777m/s from a height of 38 m above ground level. On the way down, the

. . . m
object experiences a downward acceleratiof.80— - .0225m*v? where the m and the s are
<

the units meters and seconds respectively and tisehe speed of the object.

The acceleration is reduced relative to the acatter due to gravity because of air resistance.
The object is “stirring” the air on its way dowkVhat percentage of the object’s initial
mechanical energy is either transferred to thermtransformed into thermal energy of the object
by the time the object hits the ground2h¢w all work. Include a printout of first pagetioé
spreadsheet with graphs

5) (Use numerical methods to solve this one.) &ler container of one kind of a liquid. A
bead of mass.87 g is dropped from rest from a point just beltw middle of the surface of the
liquid. The bead falls downward toward the bottwithe container. Because of a buoyant force
on the bead, the initial acceleration of the baashly 420 m/$. Furthermore, due to a viscous
force on the bead, the acceleration decreasedisatcthe total decrease in downward
acceleration (from its initial acceleration) is pootional to the speed of the particle, until, when
the acceleration becomes indistinguishable froro,zée particle is falling at a constant velocity
called the terminal velocity of the particle. T¢mnstant of proportionality is. 50 ™.

a) What is the value of the speed of the bead vitheralling at its terminal velocity?

b) How far has the bead fallen from its releasatploy the time its speed is 99% of the

terminal speed of the bead?

(Show all work. Include a printout of the first gagf the spreadsheet with graphs.
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"Collision" Type Il Problems

1) A car traveling at 12&/s is 850 m ahead of a second car that is moving atmf35~vhen the
second car begins accelerating at hi$. The first car maintains a steady speed ofri25and
the second car maintains a steady acceleratioh®fi. Starting at that instant when the
second car begins acceleration:

a) How long does it take for the second car totcagcwith the first car?

b) How far does the second car travel before cagctp with the first car?

2) Two cars, car A and car B are moving toward edblr on a straight road. Upon your initial
observation the cars are 2#0apart. At that instant, from your point of viegar A is moving to
the right at 28n/s and car B is moving leftward at?s. The velocity of car A remains
constant but car B has a steady acceleration of/€5

a) At what time, measured from the instant of yiaitral observation, do the cars pass each

other?
b) How far does car A travel before passing car B?
¢) How far does car B travel before passing car A?

3) Arock is launched straight upward atQrfs/s. 124s later, a second rock is launched straight
upward from the exact same position with a speedL@®m/s. The release point (the point at
which each rock leaves its launcher) is 105 m altbgesurface of the earth and the launch
equipment is withdrawn immediately after the seclaohch allowing the rocks a free path to
ground level. Ignore air resistance. If the roctlide with each other before either rock hits
the ground, answer the following two questionsheédwise, write a statement to the effect that
the rocks do not collide before the second rockthié ground and justify your statement. In any
case, for purposes of calculations, treat the rasksoint particles (do not concern yourself with
the dimensions of the rocks).
a) How many seconds after the release of the semmkddoes it take before the two rocks
collide?
b) How far from, and which way (above or below)nrathe release point are the rocks
when they collide.

4) Car A and car B are both traveling in the saimection on a straight horizontal road. Car B
is moving forward at (22 +.8) m/s and continues to do so throughout the probl€ar A is
moving forward at (3@ = 1.0) m/s and is (200 + 50) m ahead of Car B when car A starts
slowing down to a stop at a steadyd@+.12) m/$S. How far has car B traveled by the time car
B passes car A? (For any problem in which youpaoeided data with uncertainty, include the
estimated uncertainty in your answer.)
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1-D Motion Graphs Homework Problems

In each case assume the motion occurs along gbktrane path . Use the start line asX

and use the forward direction (earliest directicihnaotion unless otherwise specified) as the
positive x direction. Consider the initial conditis to pertain to+ 0. Sketch a graph of x vs. t,
v vs.t, and a vs. for each case.

1) (See the information in italics at the top agtpage.) A car crosses a start line with a vgjoci
of 30m/s. The car continues at that velocity for 5 selso It then accelerates smoothly
obtaining a velocity of 6B1/s after 5 seconds. Then the driver applies thkds and the car
slows uniformly to rest in 5 seconds.

2) (See the information in italics at the top aétbage.) A car which is at rest at a position

25 meters ahead of the start line begins,=a®, to accelerate uniformly in the forward diient
obtaining a speed of 25 m/s at the end of 10 sexoliccontinues at that speed for 20 seconds at
which point the driver applies the brakes and @irestows smoothly to rest at the end of
5seconds. Then the car accelerates uniformly im#o&ward direction obtaining a speed of
10m/s in reverse aftergeconds. The driver immediately applies the brakeisthe car

smoothly slows and comes to a stop after 5 seconds.

3) (See the information in italics at the top aétbage.) At the start of observations, a car is
backing up across the start line at a constantitglof 15 mph. The car continues to move
backwards at that speed for 5 seconds. Then ther dpplies the brakes and the car slows
smoothly to rest in 5 seconds. As soon as thstoas, it begins accelerating smoothly in the
forward direction achieving a speed of 75 mph altether 15 seconds. The car travels at that
speed for 10 seconds. Then the car slows smomtlayspeed of SHph in 5 seconds. It
continues at 58ph for 10 seconds at which point observationshemtotion of the car cease.

4) (See the information in italics at the toplugtpage.) A car at rest at the start line
immediately begins to accelerate forward smootbibyaining a speed of Bph at the end of
10 seconds. Then the car immediately begins t@ dtmwvn uniformly, obtaining a speed of
35mph after 5 seconds. The car continues at thadsfoe 10 seconds at which point it begins
to decelerate uniformly, coming to rest after aroth seconds.
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Vector Addition Homewor k

In each of the cases below, vector directions peeied by means of the mathematics
convention. The spreadsheet “add2vectors.xlIsVasl@ble at the Calculus-Based Physics web
site.

1) Add the following two displacement vectors atiablly. Use the spreadsheet
"add2vectors.xlIs" to add the same two vectors. éMake you get the same result with each
method.

4.45 m at 165

8.82m at 440°

2) Add the following two velocity vectors analytiiya Use the spreadsheet "add2vectors.xlIs" to
add the same two vectors. Make sure you get tie sasult with each method.

19m/s at O

37m/s at-78

3) Add the following two acceleration vectors anlgily. Use the spreadsheet
"add2vectors.xlIs" to add the same two vectors. eMake you get the same result with each
method.

9.80m/s” at-90.0°

8.82m/s” at 660°
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Constant Acceleration in 2 Dimensions

1) A particle moves on a horizontal surface upomctvia Cartesian coordinate system has been
laid out. At time O the particle is at the origind moving with a velocity of.80m/s in the +x
direction. The particle has a constant accelaraif200m/s’ in the +y direction.

a) Find the position of the particle at time t.52
b) Find the magnitude and direction of the velootyhe particle at time t =2s.

2) Particle A and particle B move on one and thmeshorizontal surface. At time 0, particle A
is at rest, ®0meters west of particle B. Particle B is travelmgthward at a constant .02n/s.
Starting at time 0, particle A accelerates steadilyng a straight line, at ZBn/<". In what
compass direction must particle A travel in ordwrif to hit particle B? (Hint: The well-known
trigonometric identity(sind)” + (cosd)*> = 1true for any angl®, is useful in the solution of this

problem.)

3) A car with a northward heading is at rest otraight narrow (exactly as wide as the car)
horizontal one-lane road that extends south tchnofhe front end of the car is.02n south of
the center a straight railroad track that exterads ® west. The nose of a train that is headed
toward the road at a constant speed ddafls is 610m from the road at the instant the car
begins a steady northward acceleration. The ¢cab6@m long and the train is.20m wide.

What is the minimum value of acceleration thatddemust have in order to cross the track
before the train gets there, without being hit togy train.

4) Consider two particles on an x-y coordinateesyst At time zero, particle 1 is at the origin
with a velocityv, in the +x direction. The velocity of particle 4 donstant. Particle 2 is at

(X,,0) (Wherex, is known to be less than 0) at time O with ariahitelocity of unknown
magnitude at a known anglebetween @ and 90. Particle 2 has a constant acceleratioa,dff
the —y direction (the value af itself is known to be positive). Find the magdgtthat the
initial velocity of particle 2 must have in orderfparticle 2 to hit particle 1.

5) A patrticle having charge-49.2 £7.5)C and mass (@7 £.25)grams is dropped from rest in
an evacuated chamber from a height 210 +.015) m above the flat horizontal floor of the
chamber. A uniform horizontal electric field withihe chamber causes the particle to
experience an eastward acceleration &q#.025)m/<* in addition to the acceleration due to
gravity (98010 +.0050)m/s” at the location of the chamber. Where, relativehe point, on the
floor of the chamber, directly below the releasenpaloes the particle hit the floor of the
chamber?
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Projectile M otion Problem
Ignore air resistance in all of these problems.

1) A rock is thrown from a cliff. The rock leave® thrower's hand with a velocity of 24 m/s at
an angle of 68below the horizontal. The rock leaves the thrésvieand at a height of 98 m
above the flat horizontal land below. How far doamge from the release point does the rock go
before it hits the ground? (The downrange distasitiee horizontal distance—the distance
measured along the ground from the point at grdewel that is directly below the release point,
to the point at which the rock hits the ground.)

2) A person hits a golf ball over flat level groutidectly toward a wall which is facing the
golfer. The ball does hit the wall. The ball leaxthe golf club at ground level from a point that
is 520 m from the wall with a velocity of 33 m/s at an angle of 28 above the horizontal.

How high up on the wall does the ball hit?

3) A person throws a rock directly forward ovet fievel ground. The rock leaves the thrower's
hand at a height of.@7 m above ground level with a velocity of.24n/s directed along the
horizontal. How far forward does the rock go befarhits the ground?

4) A rock of mass 10kg and volume 288nT is irregular shape. A person throws the rock with
a launch angle of 3@ (above the horizontal) over flat level ground frarheight of G6668m

above the ground. Ground level is at an elevaiiolB8m above sea level. The rock goes

7.40 m down range before it hits the ground. Thé& tmmunces off the ground achieving a
maximum height of 1®cm and traveling an additional D&m down range before coming to
rest with a thud. Find the momentum of the rocthatinstant it leaves the thrower’s hand.
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1) The muzzle velocity of a BB gun is.B//s. (The muzzle velocity of a gun is the speed,
relative to the gun, with which the projectile @irby the gun, leaves the muzzle of the gun.) A
girl levels the gun and points the gun due easkevgtie is in a car that is heading due north at
26.1 m/s. Then she pulls the trigger, thus firing BHlow fast, and which way, relative to the
road, is the BB going as it leaves the muzzle efgin. Neglect recolil of the gun.

2) A boat is due east of an island. The drivathefboat wants to get to the island as soon as
possible. At full throttle, with the rudder alignaath the keel, in still water, the boat moves at a
speed of 46 m/s in the direction in which it is pointing. Thater in which the boat finds itself is
flowing northward at B m/s. With the engine at full throttle and thedar aligned with the

keel, in which compass direction should the bogtdiating so that its velocity is directed
straight at the island?

3) A person is driving a forklift on the main deakan aircraft carrier. The driver is following a
line, painted on the flat horizontal deck of thecift carrier, that makes an angle of0PS
measured clockwise from the forward direction &swad from above, with the centerline of the
ship. (The forklift is thus moving closer to thevb of the ship, and, at the same time, closer to
the starboard side of the ship.) The speedometéneoforklift reads 0 m/s. The ship itself is
moving through still water at.20 m/s at a compass heading of 355low fast and in what
direction is the forklift moving relative to the ea?

4) In a so-called “paper river” laboratory exeecgstudent is provided with a motor-driven loop
of paper and a flat horizontal table that standsgrof a lab bench. The paper i4@ mm

thick and 2159 cm wide. The table top is square, measuring &® along an edge. The paper
is caused to loop over and under the table su¢hhbee is always a single thickness of paper
sliding rightward (which we define to be the +xadition) at 0856 m/s on the table top as
viewed from where a student typically sits or seandhen working at the lab bench. The student
is provided with a small battery-operated toy ¢t thas a fixed velocity of 010 m/s along the
straight line direction in which it is pointing,la¢ive to whatever flat horizontal surface she puts
it on when it is turned on. The linen the tablealong which the edge of the paper nearer the
student is moving is defined to be the x axis, afideon the tablenear the left edge of the

table from the student’s point of view, extendingag from the student perpendicular to the x
axis, is the y axis with the away-from-the-studdintction being the +y direction. With the
paper moving, the student turns on the toy cargamdly drops it on the paper as close as
possible (neglect the size of the car in your dattans) to the point where the two axes cross,
the origin of the already-described coordinateesystsuch that the direction in which the car is
pointing is 250° clockwise (as viewed from above) from the +y di@t. The car comes off the
paper (onto the table) at the edge of the paptredafrom the student. Where (give the
coordinates on the table using the specified coatdisystem) on the table top does the car come
off the paper?
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Free Body Diagrams
Draw the free body diagram for each of the objet#stified in parentheses at the end of each of
the characterizations below:

1) A child pulls a sled across a frozen pond usoe making an angéwith the horizontal.
Do not neglect friction. (the sled)

2) A car is parked (rests) facing uphill on anine! (the car)

3) Arope is attached to a block of m&ds The other end of the rope is passed over aypaiid
pulled upon so that the block is lifted straightvapd at constant acceleratian (the block)

4) A horse pulls a sleigh horizontally. (the hgrse



y A

1) Considerind~ , &, g, and the mass of

the block, in the free body diagram at right
to be known, and given that the acceleration
of the object is directed along the positive x
axis, finda andF,.

_)\
0 ) \
vertical
—Z_—> ) 2) In the diagram at left, the two dashed linesadre
right angles to each other. Assuming that the
gravitational forcer, on the ball depicted in the
diagram is 30 N, and the anglé is 328°, find F, and
a
,/ a

3) Inthe free body diagram at right, the miassf the ball is

m
0.200 kg and the value @fis 9.80ﬁ. FindF.. <> 1 a= 3.00—2
kg B S
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4) The block depicted at right is moving rightwéird the
same direction the depicted acceleration arrovoistmg) Fo=520N = a
on a frictionless horizontal surface with a spesdlife 52.0c\ —
instant depicted) of 13m/s. Find magnitudg, of the -

normal force exerted on the block by the frictimsle |
horizontal surface.

ng:3lON
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1) For each of the following cases, neglect aiistaace. If there is a rope, neglect the mass of
the rope. If there is a pulley, assume the puthelye frictionless and massless.

a) There is an eye hook in a top corner of a @ateanother eye hook in the opposite top
corner of the crate. One end of a piece of ropiedsto one of the eye hooks. The rope
extends vertically upward, passes over a pulleyfaord there extends vertically
downward to the other eye hook to which the otiner @ the rope is tied. The crate is
hanging at rest. Draw the free body diagram ofctia¢e.

b) A boy is pushing a crate across a flat horizioewacrete floor at constant velocity. The
floor is not frictionless. The boy is pushing baldwnward and forward on the crate at the
same time. In fact, he is exerting a force onctla¢e which is directed at an angle of 25
below the horizontal. Draw the free body diagrdrthe crate.

¢) A woman in the loft of a barn is hoisting a erapward by means of a rope which is tied to
the ridgepole of the roof of the barn. The ropeeds straight downward to a pulley
fastened to the top of the crate. The rope pass#er the pulley and from there extends
straight upward to the hands of the woman. Shellsng upward on that part of the rope.
At the instant in question, the rate at which tleman is raising the crate is increasing.
Draw the free body diagram of the crate-plus-pulley

d) A person is pulling a crate across a flat leasghalt driveway by means of a rope tied to
the crate. The rope extends upward and forward ffe crate such that it makes an angle
of 19.0° with the horizontal. At the instant in questitime crate is speeding up. The
driveway is not frictionless. Draw the free bodggtam of the crate.

2) A block rests on a ramp. The ramp is inmtionless. The ramp is flat, but tilted, s@tht
makes an angle of ZF with the horizontal. The upper end of the ramptala wall to
which that end of the ramp is attached. The loevel of the ramp rests on a horizontal
floor. Attached to the wall, at the top of the mi® one end of a spring. The spring
extends down the ramp, parallel to the surfacaéeftamp, and, the other end of the spring
is attached to the block. A woman pulls the bldokvn the ramp and releases it from rest.
The block is sliding up the ramp. At the instantjuestion, the block has slid so far up the
ramp that the spring is compressed, but, the bkskill sliding up the ramp. Draw the
free body diagram of the block.

3) One end of a spring is fixed to a wall at a ptuat is 150 m below the ceiling. A string
segment of length.80m extends from a point on the ceiling to the ot of the spring,
a point on the spring which we shall call pofat One end of another string segment, a
short string segment, is also attached to padinThe other end of the short string segment
is attached to the handle of a coffee mug. Th&eahug is thus suspended from point A
by the short length of string. The point on théimg to which the 160m string segment is
attached has been chosen to make the spring exteizdntally, perpendicular to the wall.
Draw the free body diagram of point A. Assume thatspring extends southward, away
from the wall, and depict the configuration as @uld appear if it were viewed from a
position east of poirA.
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4) A 25 year old man of mass.8%g is pushing a 3 year old child of mass03dg on a swing.
The swing seat is a molded-plastic boxlike sedghefsort sometimes found on swings for very
small children. The mass of the seat.&00 kg and the child is holding on to the frontlod

seat rather than the pair of low mass chains frdnchvthe seat is suspended. At the instant in
guestion, the child has swung back to the maximaokward position and has swung forward a
small fraction of the distance that she has to gwirorder to reach the lowest position of her
motion, the chains make an angle of®8&vith the vertical, and the man is pushing withcioof
magnituder on the back of the swing seat in a direction pedprilar to the plane of the

chains. The center of mass of the child plus isea?0 m from the point on the swing set
midway between the two points at which the charmesattached to the frame of the swing set.
The chains are straight. At the instant in questibe child has a speed 0680 m/s. Draw the
free body diagram of the system consisting of thk @lus the seat.
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1) A man attempts to pull a box up a ramp by medmsrope tied to the box. The rope is
parallel to the ramp as the man pulls on it inraation straight up the ramp. The maximum
force that the man is able to exert on the rog2BN. The box is initially at rest. The earth’s
gravitational force on the box £495N. The ramp makes an angle of(BOwith the horizontal.
The coefficient of static friction between it arektramp is B0 (with no units). Is the man able
to budge the box?

2) A cart on a horizontal air track with no air plypslides through a photogate with a speed of
2.1m/s. It comes to rest at a poin6®m from the photogate. Find the coefficient of kine
friction between the cart and the track.

3) An Atwood machine consists of a string whichgessover a pulley and has an ¢
object attached to either end, as depicted at.rigihe axis of the pulley is fixed

so the pulley can only rotate about its axis. Refg to the diagram, consider

to be greater tham;. Upon release, the block of mamssaccelerates downward
and the block of mass; accelerates upward at one and the same rate.massu

the pulley to be massless and frictionless. HRmedmagnitude of the acceleration

of both blocks. M

4) Find the acceleration of a block on a flat footess surface at angleto the horizontal.

5) Find the frictional force on a block of masst rest on a flat surface at angleo the
horizontal.

6) Find the coefficient of static friction for thection between a block and a flat surfacéii.
is the biggest angle of the surface to the horagmbssible such that the block does not slip.

7) Find the acceleration of a block sliding dowifatisurface where the flat surface makes an
angled with the horizontal and the coefficient of frictitwetween the block and the surfacg,js

8) A block of massm is held in place on a flat, horizontal, frictiosgesurface by a person. A

string extends horizontally from that block to @&tionless, massless pulley at the edge of the
frictionless surface, over the pulley, and downward second block of mass which hangs at
rest, suspended by the string. Find the acceteratithe blocks after the person lets go.

9) A box is dragged across a horizontal floor atstant velocity by means of a rope tied to the
front of the box. The rope makes an angle ¢fikh the horizontal (above the horizontal). The
magnitude of the force applied to the rope is titldfmagnitude of the earth’s gravitational force
on the box. Find the coefficient of friction gomerg the friction between the box and the floor.
Write your answer to two significant figures.
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10) A block of mass.B0Okg is on a flat horizontal table top. One end piexe of string is
attached to what, from your point of view, is the tight edge of the block. The string extends
upward and rightward, at an angle of(®&o the horizontal, away from the block and over a
frictionless pulley. A ball of massZ) kg hangs at rest from the other end of the péctring.
The block is at rest. Neglect the mass of thagtri
a) Find the frictional force exerted on the blogktbe table top.
b) Would the block actually remain at rest, as #jgektin the statement of the problem, if the
coefficient of static friction for the interactidietween the block and the table top was
0.4507?

11) The top end of a vertical spring of spring cans520N/m and length 78cm is fixed to the
ceiling. The bottom end is attached to the top block of mass.66kg which is at rest (at what
we will refer to as its original position) on atflaictionless horizontal surface. The spring is
neither stretched nor compressed. A person digeblock over to one side and releases it from
rest. The block slides back toward its originasigion.

a) What is the acceleration of the block whenseqgbent to its release, the block is04%n

from its original position?
b) At the instant in question in part a, what 8 ttormal force on the block?

12) A block of mass.P6 kg on a frictionless horizontal surface is dt&gtto a wall by means of
an ideal horizontal spring of negligible mass aridrae constant of 128 N/m. At the start of
observations the block has a momentum.@7 kgm/s directed along the line along which the
spring extends, straight toward the wall, and fréng is neither stretched nor compressed. Find
the acceleration of the block when the spring imaximum compression.
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Universal Law of Gravitation Problems

1) An object is released from rest at heiBht(equal to the radius of the earth) above the sarfa
of the earth. Find the speed of the object astinéace of the earth, given that:
e The mass of the earth ig. =5.98x10** kg

e The radius of the eartR. =6.38x10° m

2) Find the escape velocity for an object at tinéase of the moon, given that:
e The mass of the moon i, =7.35x10% kg

e The radius of the moon is,, =1.74x10° m

3) Consider an object on the line passing throbglcenter of the earth and the center of the
moon. Treating the earth and the moon as poinictest how far from the center of the earth
would that object have to be in order for the mawiational force exerted upon it by the earth
and the moon to be zero?

Now consider the actual moon and the actual eaghonger treating them as point particles):
Would the point that you found above be insideegithe earth or the moon? (Justify your
answer, and, if your answer is yes, state whiclylbd point would be inside of.)

e The mass of the earth ig. =5.98x10** kg
e The mass of the moon i, =7.35x10% kg

e The distance from the center of the earth to timeref the moon i8.84x10°m.
e The radius of the earth. =6.38x10° m

e The radius of the moon ig, =1.74x10° m

4) With how much momentum would a golf ball of dietier 427 cm and mass 459 have to be
launched from the surface of the moon in orderctieve a maximum distance of 942 km from
the surface of the moon.
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1) A puck of mass 425 is fastened to a vertical rod by a piece of gtriithere is a loop in the
end of the string that fits on the axel such thatlbop can spin frictionlessly on the rod. The ro
is rigidly attaced to a frictionless horizontalfaure. The puck is moving on the horizontal
surface in a circle of radius &&m centered on the axis of symmetry of the rode 3thing is

taut and horizontal. The speed of the puck20@/s. Find the tension in the string.

2) A ball of mass 18§ is suspended from the ceiling by a string of ftaril20Om. A person sets
the ball in motion such that, after the persormidamger touching the apparatus, the ball is
moving in a horizontal circle of radius380m. Find the speed of the ball.

3) A block of mass 554 is fastened to a tiny massless ring on a rigitioad frictionless axel of
negligible diameter by a massless horizontal spechmgyacterized by a force constant of
39.5N/m. The axis is rigidly attached to a frictiorddsorizontal surface. When the block is at
rest on the frictionless surface, with the springttetched, the center of the block i$4Dm

from the axel. A person sets the block in motguch that, after the person releases the
apparatus, the block is moving in a circle, certtene the axel, at a steady speed.608&1/s.

Find the radius of the circle.

4) How fast would an object have to be moving idesrto be in a circular orbit about the moon
at an altitude of only 101 m above the surfacéhefrhoon?

e The mass of the moon i, = 7.35x10% kg
e The radius of the moon ig, =1.74x10° m

5) Find the mass of the earth based on the follgyoperties of the moon’s orbit about the
earth:

e The moon's orbit is approximately a circle of rad®.84x10°m.
e The moon takes 23 days to go around the earth.

6) We are viewing the device depicted at

right from above. It consists of a solid

cylinder of length (50 +.10)cm and mass

m = (1180 £2.0)g in a frictionless tube. The

cylinder is connected to one end of the tube Amm —
by means of a spring. When the device is B
horizontal and at rest, the spring is relaxed

(neither stretched nor compressed) and the

front face of the cylinder (the right edge in thagtam) is (600 £.20)cm from the button &8.

The device is mounted on the vertical shaft ofar gerned by an engine so that when the engine
is running the device is rotating about a vertaas (perpendicular to the page in the diagram)
throughA. The device is designed to protect the engine fspinning too fast. Whenever the
front face of the cylinder hits the buttonBtit is (134 +.20)cm from pointA and it shuts down
the engine. What spring constant is requiredafgbar shatft is not supposed to spin faster than
(960 £18)rpm? (Neglect the mass of the spring.)
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Rotational M otion Problems

1) Starting with the Merry-Go-Round at rest, a parpushes on a Merry-Go-Round in such a
manner as to cause that Merry-Go-Round to expeziarsteady angular acceleration of
0.405rad/<.
a) How fast is the Merry-Go-Round spinning aftédseconds?
b) How many rotations does the Merry-Go-Round cataptiuring the firds.00 s of its
motion?

2) A girl turns her bicycle upside down and spims front wheel. Spin rate measurements taken
on the wheel while it is spinning freely show ttize wheel slows steadily from @5 evolutions
per minute to rest in 46seconds.
a) Find the angular acceleration of the wheel.
b) Starting at the instant when the angular spéé¢deowheel is 82 revolutions per minute,
how many revolutions does the wheel complete byithe it comes to rest?

3) To start a lawn mower, a person, by means aifllacprd, must cause the crankshatft of the
lawnmower motor, starting at rest, to achieve ayuéar speed of at least @4ad/s in
22.2revolutions. Assuming the person pulls the corsuich a manner that the crankshaft
experiences a constant angular acceleration, whheiminimum required value of that angular
acceleration?

4) A horizontal wheel of radius¥20m is spinning clockwise at 22pm (where "rpm" stands
for "revolutions per minute") as viewed from aboVts spin rate is increasing at the rate of
337rad/S.
a) Find the velocity (magnitude and direction) ledttpoint on the rim that, at the instant in
guestion, is due west of the center of the wheel.
b) Find the acceleration (magnitude and directafthat point on the rim that, at the instant
in question, is due west of the center of the wheel

5) A drill is spinning at +99pm when it is turned off. When it is turned dffjt still spinning,
the drill chuck experiences an angular acceleraifof.525rad/$. Starting from the conditions
at the instant the drill is turned off:

a) How long does it take for the drill chuck tos&pinning?

b) Through how many revolutions does the drill dhtien before coming to rest?

6) (Use numerical methods for this one.) The bladay of a fan is spinning at 2500 rpm when
the fan is shut down. Starting from the instaetpwer is shut down, the blade array of the fan

. , rad S
experiences an angular acceleration-62.0—- - .0065rad ‘w? until it comes to rest. How
<

long does it take for the blade array to come steShow all work. Include a printout of the
first page of the spreadsheet with graphs
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Rolling and Torque Problems

View from above the do

1) A person opens a door of widfth by means of a horizontal
force F applied to the edge of the door farthest fromhinge in a
direction perpendicular to the doorway (to the rigihthe
diagram). Find the torque exerted on the door att@uhinge by

the person when the door is open an agle

2) A uniform rod of lengti. and massn, free to pivot
about a pin at point P (see the diagram at right) i T
supported in a horizontal position by a cable ditdc

to the end of the rod farthest from the pin. Theo R
end of the cable is fastened to a point a distance
directly above the pin. The tension in the cablE. i
Find the torque, about the pin axis, exerted orrale P
by the cable.

ANEANEAN

Cable

ANEANEAN

3) The wheels on a car are.8@m in diameter. How many revolutions per mirarte the
wheels making when the car is going@®&ph?

4) A uniform disk of radiug is rolling without slipping down a flat surfaceaat angled to the
horizontal. The moment of inertia of the disk tenexpressed in terms of the massf the

disk as%mrz. Find the acceleration of the center of masfefdisk.
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1) An Atwood machine consists of a string whichgeasover a pulley and has a o
block attached to either end, as depicted at righte axis of the pulley is fixed so

the pulley can only rotate (frictionlessly) abaigtaxis. m, is greater tham.

Upon release, the block of massaccelerates downward and the block of mass

my accelerates upward at one and the same rate.

m

Assume the pulley to be a uniform disk of masand radius~. (The moment of

inertia of a uniform disk with respect to its agissymmetry is% mr?.) Assume m,
that the pulley is frictionless with respect toatatn about its axis. Assume that
the string does not slip. Find the acceleratioaawth block and the angular acceleration of the

pulley.

2) A child pushes on one point, call it poiiton the rim of a merry-go-round with a force of
constant magnitudé whose direction is always at an acute amyleounterclockwise (as viewed
from above) from the outward radial direction ainpd. (The outward radial direction at point
P is the direction in which one would be pointihgne was at the center of the merry-go-round
and pointing at point P.) The merry-go-round isatly at rest, has radiug has moment of
inertial, and spins on a frictionless shaft. How much tduoes it take for the merry-go-round to
achieve an angular velocity of magnituade?

3) A uniform trap door in a horizontal floor has $sen and length. (where the length is
measured from the hinge to the opposite edge adabe). The trap door swings open under the
influence of the earth's gravitational force. Thement of inertia of the door with respect to its
hinge isI. Find the angular acceleration of the door whenakes an anglé with the

horizontal.

4) (Use numerical methods for this one.) The bkday of a fan has a moment of inertia of
.0450 kg-rhiand is spinning at 2500 rpm when the fan is sbuwtrd The bearings on which the
array spins exert a constant retarding torqué49 N-m as long as the blade array is spinning
but no torque when it is not, and, the air exentstarding torque having a magnitude given by
(2.925x10*N-m-s?) w?.

a) How long does it take for the blade array to edorest?

b) What percentage of the kinetic energy of rotatlmat the blade array had at the instant the
fan was shut down does it have after half the fimued in part a has elapsed since
shutdown?

(Show all work. Include a printout of the first gagf the spreadsheet with graphs
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1) A bucket is supported by a horizontal rope and a
spring as shown at left. The mass of the bucket is
4.8 kg and the force constant for the spring is 9%.N/
The unstretched length of the spring 8 dn.

a) Find the anglé that the spring makes with the
vertical direction.

b) Find the tension in the rope.

2) Refer to the diagram at right which gives a sidsv of the At Rest
Beck Centripetal Force Apparatus. When unstretctined s
spring is 10 cm shorter than it is when it is stretched to the , :D]
extent depicted in the diagram. In carrying out paa
rotational motion laboratory exercise using thelB€entripetal
Force Unit, suppose that it is found that the abjdwse _
circular motion is to be investigated (object 1he diagram) M=5109] SPRI NC
has a mass of 510 g and is at a distance of 18amthe axis
of rotation when it is hanging straight down at isa®d that it
takes an object of mass 460 g (hanging from theoétite string
that passes over a pulley and is attached to objdot stretch B
the spring enough so that object 1 hangs straigiwnadat rest m,=4609g
with the spring attached as depicted in the diagrévhat is the force constant of the spring?

3) A block of mass .40 kg lies on a flat frictionless ramp that exteddgvnward and away from
a wall. The ramp makes an angle of®3vith the horizontal. The block is held in plaged
string, one end of which is fastened to the wh#, d#ther end of which is attached to the block.
The string makes an angle of.@5with the horizontal. Find the tension in thersjri

4) A block is on a flat wooden board. The boartltisd at that angle which causes the block to
be on the verge of slipping. The angle is meastod 131°. Find the coefficient of static
friction for the block/board interface.

5) One end of a string segment of length 32 cntta&ched to a frictionless wall. The other end is
attached to the surface of a ball of magel®g and radius.Z cm. The ball is thus suspended
from a point on the wall by the string such tha ball is in contact with the wall. The

imaginary line on which the string lies passesugtothe center of the ball. Find the tension in
the string and the normal force exerted on thelipathe wall.
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1) A horizontal board of mass k§ and
length 28 m rests on two vertical support$

as shown at right. If the board exerts a
force of 19N on the support at the left
end of the board, find the position of the

other support. Assume the earth’s

gravitational force on the board to act on
the center of the board.

2) A rod of mass 1Kg is supported so
that it extends horizontally from a verticall
wall as shown at right. It is pinned At

rope

such that, if the rope were cut, the rod N
would rotate clockwise about poiAt ©
Find the tension in the rope and the force CBD
exerted on the rod by the pin/t 5]
Assume the earth’s gravitational force om v
the rod to act on the center of the rod.

A

3.0-meter rod

ST L

3) The 20m bar depicted at right is pin connected at

its left end and supported by a vertical ropesat it

right end. The pin connection at poihtn the \
diagram is such that if the rope were cut, the bar
would swing downward, rotating clockwise about the
pin. The rope is not cut. The bar has a mass$ &f2

and the earth’s gravitational force on the barlman
considered to be acting at its center. The baresak \

rope and the force exerted on the bar by the pin.

24° angle with the horizontal. Find the tensiothie

Rope

4) A rod extends.1m horizontally from a fixed clamp. The rod is l@nghan 11 m but part of
the rod is in the jaws of the clamp. The mas$iefitlm length of the rod sticking out of the
clamp is G30kg. Find the force and the torque exerted on thenkod segment in question by
that segment, of the same rod, that is in the @ivise clamp.
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5) A 0.150m rod of mass .@90Kkg is fixed attached to a wall so that it extendsr@ard away

from the wall perpendicular to the wall. The ra$la diameter 0f.030 m. One face of a meter
stick of mass128kg is in contact with the rod at the & mark on the meter stick. The stick is
perpendicular to the rod. The end of the metekstiarked O cm is on the floor. There is a thin
layer of oil on the floor making it so slippery thany frictional force exerted by the floor on the
end of the stick is negligible. The meter stickkeman angle of 32°> with the floor. Find the
frictional force exerted on the meter stick by tbd.
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Work-Energy Problems

1) In throwing a ball of massZBkg a thrower moves the ball with his hand on a edrpath of
total path length.Om from rest at a height of 1.5 m above ground léva final speed of 4%/s
at the end of the curve where he releases thatalheight of 1.5 m above ground level.
Neglect any spin that the pitcher might imparthe ball.
a) Find the work done on the ball by the thrower.
b) Find the average magnitude of the force exertethe ball by the thrower during the
throw.

2) In the course of mowing a lawn a person pushawi@a mower forward 18 at constant
velocity along a straight horizontal path by appéya force of 5981 directed along the handle
of the lawn mower. The lawn mower handle makearagie of 41° with the horizontal direction.
a) How much work is done on the lawn mower in thiscess?
b) How much work is done by the person on the lavenver during this process?

3) A Styrofoam ball of mass Aikg is dropped from rest. After falling straightvdoward a
distance of 1® meters, the ball has a velocity of. 25/s.

a) Find the work done on the ball by the air onwlag down.

b) Find the average force of air resistance thegt @c the ball on the way down.
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1) A bucket of water is raised from a well by meaha hand crank. The bucket-plus-contents
has a total mass of I%g. The hand crank has a moment of inertia.850kg-m?. When the
bucket is 110m above the water level, the hand crank is reletised rest. As the bucket falls,
the rope connecting the bucket to the hand cramknas from the hand crank and the hand
crank spins faster and faster. At the last ingba@fbre the bucket hits the water, the bucket is
falling at a rate of 10m/s. How fast is the hand crank spinning? (Neg@aesistance and
neglect frictional torque on the shaft of the crank

2) A person applies a tangential force of B5% the rim of an empty, frictionless,
initially-at-rest merry-go-round of radiuséDm and moment of inertia 3%@-nf for exactly one
revolution. The person releases the merry-go-raintle end of that one revolution.
a) Calculate the work done by the person as tleefalong-the-path times the
length-of-the-path.
b) Calculate the work done by the person as tlgutotimes the angle-of-rotation.
c) Use the work-energy theorem to determine madeitf the angular velocity of the merry-
go-round subsequent to the release of the mermggod by the person.

3) A uniform thin rod of mass.950kg and length 20m is mounted on a horizontal pin through
the center of the rod at right angles to the rathgbat the rod is free to spin in a vertical plane
about the pin without friction. The rod is positexl horizontally at rest by a person who then
releases the rod. The rod remains at rest ubtllaof mass @65kg is dropped on the rod from
a height 0fL..400m above the rod. The ball hits the rod at a poativeen the center of the rod
and one end of the rod. The collision of the hath the rod is completely elastic. The ball
bounces straight up to a maximum height 88Om above the point of contact. How fast is the
rod spinning after the ball hits the rod the fiiste but before the ball hits the rod again? (Note
that the moment of inertia of a uniform thin rodthwrespect to an axis that passes through the

midpoint of the rod and is perpendicular to the, iedjiven byl—l2 m/2wherem is the mass of
the rod and is the length of the rod.)
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Energy and Power

1) A marble of mass 1dg is fired straight upward from a spring-loaded .gumitially, the
marble, resting on top of the spring iIs@8m above the ground. The spring is ideal and
massless. The force constant of the spring . 8NOn. The spring is initially compressed
25.2cm. The marble exits the gun just as the sprifgeaes its unstretched/uncompressed
length.

a) At what speed does the marble leave the gun?

b) How high above the ground does the marble dgfofe air resistance.)

2) How much power does it take for an@Rg person to run up stairs at a rate .0D3tairs per
second given that each step of the stairs.i8ciii high?

3) How much energy must be supplied by the caiigedrain, in joules, to keep a car going at
55mph for one hour if it takes 2ZBhorsepower (because of air resistance and roltingjon) to
keep the car going at Bfph?

4) A metal ball of mass.00500(50kg has been dropped into a bottle of shampoo afadliisg
straight downward through the shampoo at a consfae#d of @527(20)m/s. The total depth

of the shampoo in the bottle i2@9(12)m. The bottle is located at an elevation of 24645)

above sea level and the gravitational force comstaihe location of the bottle is

9.8050(50)N/kg. What is the power of the metal ball? Inesttvords: mechanical energy of the
ball (actually, mechanical energy of the ball pdasth system), is decreasing at what rate? [Note
that the notation.2700(50) m/s means the same thing a2¢D0 +.0050)m/s, 246(5m means

the same thing as (246 =) .0527(20)m/s means the same thing &5@7 +.0020)m/s, etc.]
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Impulse and Momentum Problems

1) A baseball, having a mass o180 kg arrives at a batter traveling horizontallyhnwa speed of
45 m/s. The batter hits the ball in such a matimegrthe ball exactly reverses its direction of
travel and leaves the bat with a speed of 55 m/s.

a) Determine the impulse delivered to the ball.

b) Suppose that the bat was in contact with theftwaD.18 s. Determine the average force
exerted on the ball by the bat while the ball wasantact with the bat.

2) A bullet of mass 040 kg is traveling at 220 m/s when it strikesegetand comes to rest.
Determine the impulse delivered to the bullet Ly tifee.

3) The head of a golf club exerts a force of 33rM\adall of mass.050 kg for 0097 s. The ball
is initially at rest. Use the impulse/momentunatiein to determine the velocity of the ball at the
end of the M97 s time interval.

4) A non-spinning disk (disk 1) of mas<B0 kg is sliding northwestward along a horizontal
frictionless surface when it collides elasticallitwanother disk (disk 2 of mask20 kg) which
was initially at rest. Assume the interaction betw the disks is frictionless. Disk 1 delivers an
impulse of 640N-s westward to disk 2. Find the energy and thenerdum (direction and
magnitude) of disk 2 after the collision. (Westd/aneans due westward.)
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Simple Harmonic Motion Problems

1) Consider an object of mas240 kg, on a frictionless horizontal surface, on¢hd of a
horizontal spring of spring constant 1800 N/m. ®bgect is pulled to a point 15 cm from its
equilibrium position, stretching the spring 15 @and, at time zero, released from rest.

a) Determine the frequency of oscillation.

b) Determine the period of oscillation.

c) Write expressions for the position, velocitydatceleration of the object, in terms of time.

d) Determine the position, velocity, and accelerat time 050 s.

2) Consider an object of mas49 kg, on a frictionless horizontal surface, onehd of a
horizontal spring. The position of the object eegsed in terms of the time variablés:

x=0.054mcos(22t)

a) Determine the amplitude of the oscillations.

b) Determine the Period of oscillation.

c) Determine the frequency of oscillation.

d) Determine the velocity of the object at timé®s.
e) Determine the spring constant.

3) An object of mass.B50 kg hangs at rest from the end of a spring wkpsi@eg constant (force
constant) is 25 N/m. An external agent lifts the objec200 m above its equilibrium position
and releases it from rest.

a) Find the time it takes, subsequent to the objeetease, for the object to initially arrive at a
position 0100 m above its equilibrium position.

b) Find the velocity and acceleration of the obgdthe time you found in part a.

4) The position, in terms of time, of a block ofss 020 kg on a frictionless horizontal surface,
on the end of a horizontal spring which has a f@mestant of 1200 N/m, is

X = (0.044m) cos@rft)

a) Determine the total mechanical energy efdystem.
b) Determine the maximum velocity of the block
c) Determine the velocity of the block when 0.022 m.

5) The velocity of an object undergoing simplerhanic motion isv = (14m)sin{[32@jt]
S S

Find the frequency of oscillation. Express yousva@r in units of Hertz.
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The Simple Pendulum

1) Find the frequency of oscillations of a simpéngulum of length 80 m, at the surface of the
earth.

2) How long must a simple pendulum be in orderntféo have a period of.Q0seconds?

3) Geologists use pendulums to find tiny differenoethe earths gravitational field from one
position to another because these differences geeamformation on what is underground. A
1.0000m simple pendulum is observed to have a period(ff&83s. Find the gravitational force
constant, to 5 significant digits, at that location

4) A person is making a graph of the effective tbraf a pendulum versus the measured length
for a particular pendulum bob with a particularckof string. She determines the effective
length by measuring the time it takes for the p&naitto undergo 100 oscillations, and
calculating the length of the ideal simple penduthat would complete 100 oscillations in that
amount of time. A geophysical company has inforrinedthat their measurements show that the
gravitational force constant at the location of pendulum is 8060(52) N/kg. Her measured
value for the time it takes her pendulum, at oméiqdar length, to undergo 100 oscillations is 4
minutes 326(15) seconds. Find the effective length (andutieertainty of the effective

length) of the pendulum.
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Wave Problems

1) Consider two long, taut, horizontal strings.esiyy side, identical in all respects, including
tension. The end of one of the strings is caugemhtinually oscillate up and down with
frequencyf, thus causing a wave to travel along the lengtih@ftring, away from the
oscillating end. Waves carry energy so energy iisgogansmitted along the length of the string.
The end of the other string is caused to contiguadtillate up and down at the same frequency
£in such a manner that the rate at which energyegassough a given point of the string where
the wave exists, is twice the rate at which en@@gses through the corresponding point in the
first string. (Consider the string to be so longttlduring the time interval under investigation
here, neither wave ever makes it to the other étigkecstring it is in.)How doesthe amplitude

of the wave in the second string compare with the amplitude of the wave in thefirst string?
[The amplitude in the second string is some fatitoes the amplitude in the first string.
Calculate a value for that factor and write (whle blank filled in): “The amplitude in the second
string is times the amplitude in the firsingt.”]

2) What happens to the rate at which energy isgoeansferred along the length of a string due
to a traveling wave in the string if the amplituzfehe wave is doubled without changing the
tension of the string or the frequency of the wave?

3) Find the speed of a wave traveling in a strifgewthe frequency of oscillations of the
oscillator that is causing the wave isUAHz and the wavelength is650 m.

4) Find the speed of a wave traveling in a stritpge linear mass density i9860 kg/m when
the tension in the string is Z4N.

5) Find the wavelength of a wave in a string oééindensity 19 g/m and tension.B0 N when
the frequency of the wave is .66Hz.

6) Find the speed (and the uncertainty of the gpefa wave traveling in a string when the
tension in the string is.800(72)N, the frequency of oscillations of the oscillatbat is causing
the wave is2250(35) kHz and the wavelength i4800(48) m.
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Wave Problems

1. A wave on a string conforms to the equation

y=0.156m co{[zzs%jj X— [1444%1}}

a) Consider a different system. In particular edesa ball of mass 111 g suspended from
the end of an ideal spring. What would the spadogstant have to be in order for the ball
to oscillate with the frequency of the wave?

b) What would the maximum kinetic energy of thd bapart a be if it were oscillating on
the end of the spring in part a with the amplitoflescillations being the same as the
given wave amplitude?

2) A wave on a string of linear densityp)032kg/m is governed by the equation

y =0.28m co{(?.o%jj X— (58%1}}

a) What is the wavelength of the wave?
b) What is the period of the wave?

¢) What is the frequency of the wave?
d) What is the wave speed?

e) What is the tension in the string?

f) What is the amplitude of the wave?

3) The tension in a string of linear denditP025kg/m is 78 N. A mechanical oscillator

attached to one end of the string oscillates a®groducing a wave in the string. The

maximum displacement of any point on the stringrat point in time is B31m. Consider the
positive direction fox to be away from the oscillator. (Assume the gttmbe so long that

during the period of observations under considenatiere, the wave produced by the mechanical
oscillator does not make it to the other end ofstinmg.)

a) What is the wavelength of the wave?
b) What is the period of the wave?

¢) What is the frequency of the wave?
d) What is the wave speed?

e) What is the amplitude of the wave?

f) Write an expression giving the displacement pbat on the string in terms of both the
positionx of that point along the length of the string ahe timet. Assume that akE O,
t=0) y takes on its maximum value.
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Sound Intensity and Loudness Problems

1)What intensity of sound is required to producénéensity level of 9® dB? (The sound
intensity at the threshold of human hearirgs 1.00x10’12ﬂ2 )
m

2) How does the intensity level (loudness) of socimainge if the intensity of the sound is
doubled.

3) How must the intensity of sound change in otdencrease the loudness by.@0B?

4) The intensity of sound at a specific locatior2iS6x 109ﬂ2 . What is the loudness (intensity
m

level) of the sound at that location? Express ymswer in decibels.
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Strings and Air Columns

1) Find the wavelength of the sound wave producedriby the vibrating segment of a guitar
string whose length is.€40 meters and whose linear density.&l8rams/meter, in which the
tension is 2& N, and in which only the first harmonic is preseAssume the speed of sound in
air to be 343n/s.

2) Consider a tube of length6d2m which is closed at one end and open at the etidr Make
a sketch of displacement vs. position along thgtleof the tube for standing waves
corresponding to the fundamental frequency anditsteovertone. Working from your second
sketch, determine the wavelength of the first st If the speed of sound in air is 34/3,
determine the frequency of the first overtone. &dharmonic is the first overtone?

3) How long does a tube that is closed at both é@ade to be so that its first harmonic (actually
the first harmonic of the air column within the &)lis a B (B-flat) corresponding to a frequency
of 466Hz at a time when the speed of sound in air isT343

4) A person takes the data needed to determineaeency of oscillations of a mechanical
oscillator attached to one end of a horizontal@ietstring as follows: First she ties one end of
the string to a vertical rod and arranges thegsmthat it extends horizontally to a pulley,
passes over the pulley and extends downward tdj@atoon which the earth’s gravitational
force is 65000 N. (She chooses this weight based on prewi@is.) She makes two marks,
1.350(2)m apart from each other on the string. She remthesstring from the device and cuts
the string at each mark so that she has a piesting that, when it has a tension of @#HN,

has a length of.350(2)m. She measures the mass of the string and tind$e 4022(2)g.

Now she ties one end of that piece of string topidne of the mechanical oscillator that oscillates
when the mechanical oscillator is energized. Stenes the string horizontally to a pulley, over
the pulley and downward to a slotted disk holdghe gets three maximal antinodes with an
object (the holder with some slotted metal disk&)pon which the earth’s gravitational force is
65.020(50)N, hanging from the end of the string with the naadbal oscillator energized. She
measures the distance between the two interiorshaie finds it to be.295(7)m. What is the
frequency of oscillations (and the uncertaintyhe frequency of oscillations) of the mechanical
oscillator?

5) a) Determine the wavelength of the third harradar a string of length.00 m which is fixed
at both ends. Include sketches of a snapshoedtting undergoing the standing wave
motion associated with the first, second, and thatmonic as part of your solution
(3 sketches). Make sure your solution is conststattn your third sketch.

b) Suppose that the mass of th@0n length of string is 40g and that the tension in the
string is 125N. Determine the frequency of the third harmonic.

6) How tightly must a guitar string of linear masnsity 345(15) g/m be strung for its
fundamental frequency to be 1#@ (the frequency of the note A) when the fixedsatithe

string are668(45) m apart from each othe@ome of the values provided in this question came
from Table 4.8 Measured Properties of Guitar Stsifig the book Acoustics for Violin and

Guitar Makersby Erik Jannson of the Speech, Music and Hearartygf the Department of the
School of Computer Science and Communication dftimgl Tekniska Hogskolan, Sweden. At
the time of this writing, the book was availabldima in pdf (portable document format) at
http://www.speech.kth.se/music/acviguit4/
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Beats and the Doppler Effect Problems

1) Two sound sources each producing waves of ot¢hensame audible amplitude are in one
and the same room. One of the sound sourcesdsiging waves at a frequency of 1Zfiertz
while the other is producing waves at a frequerfcd82.5 hertz. Find the beat frequency that
would be heard by a person in the room.

2) Two sound sources are producing waves of albeusdame amplitude in a room. The speed of
sound in the air in the room is 3d@s. A beat frequency of@Hz is heard by a person

standing in the room in the vicinity of the two soes. One of the sources is known to be
producing sound whose wavelength in air i958. The other is producing sound of a shorter
wavelength. What is the value of this shorter vievgth?

3) A 331Hz oscillator is traveling at 46m/s toward a person who is standing at rest. pbed
of sound in air is 3481/s. What is the frequency of the sound hearchbyperson?

4) A car is driving at a speed of 82s directly away from a person that is standinthexroad.
The driver is sounding the horn. The horn os@Badt a steady frequency. The person that is
standing in the road hears a frequency ofl222 With what frequency is the horn oscillating?
Use 3430m/s as the speed of sound in air.

5) A receiver is moving toward a stationary souadrse in air. The source is producing sound
waves with a wavelength of9Zb0m. The received frequency of the waves isHZ5 How fast
is the receiver moving relative to the air?

6) What must the speed of sound (and its unceyaimiair be on an occasion when the
frequency measured by an observer is.@0(1) Hz while the observer is moving at a spded o
21.26(15) m/s directly away from a stationary 50X(12) Hz sound source?
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Archimedes' Principle Problems

1) A boat of mass 420@ floats at rest on fresh water.
a) Determine the buoyant force exerted on the bp#he water.
b) Determine the volume of water displaced by thatb

2) A rock of mass 11§ and density2.8 g 5 Is suspended by a string in a container of water.
cmr

The rock is totally submerged and is not in contatt the container. Find the tension in the
string.

3) A rock of mass 4F and densityz.?,crgr3 rests on a cork of mass @and densit}O.Z%
in a bucket containing 1Rers of water (1 liter i1x10°m?) in the shape of a right circular
cylinder of diameter 28m. (This is the shape assumed by the water bedaissthe shape of
the bucket interior). Someone knocks the rockldfcork. The rock falls to the bottom of the
bucket where it comes to rest. The cork remamatithg on the surface. Does the water level
change? If so which way and by how much.

4) A person of mass Xg finds that if she has her lungs full of air tehe can float in fresh

water but that if she exhales most of the air diten lungs she sinks. Such a person is justified
in estimating her average density to be aboutah®@esas the density of water. Based on the
assumption that her average density is that ofywatieat is the buoyant force exerted upon her
by the air when she is standing in your classroéssume that the density of the air in the
classroom is 29 kg/nt and that the pressure of the air in the room is3LRN/nt.

5) (Use a numerical method to solve this onejugber ball of mass.888g and diameter
2.587cm is repeatedly released from the bottom of a éuitiat is filled to a depth of 3cm

with fresh water. For each trial, the time frore thstant the ball is released from a position
where it is just touching the bottom of the budkethe instant the top of the ball arrives at the
surface, is measured. The data conforms to a @Gaudstribution with a mean value of38s.
Assuming that, in addition to the other forcesragn the ball, there is a viscous force directed
in the direction opposite that of the velocity béthall, with a magnitude given By = cv

wherev is the speed of the ball ards a constant; find the value af (Show all work. Include
a printout of the first page of the spreadsheeh \gitaphs)
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Pascal's Principle and Fluid Flow Problems

1) A car of mass 82Kg is being lifted at a constant speed by meamstofdraulic lift. The car
is on top of a piston of mass.Dkg. The face of the piston, that part of the pidiwat is in
direct contact with the hydraulic fluid, is a ceaf radius 28lcm. Find the pressure of the
hydraulic fluid.

2) A vertical pipe, closed at both ends of haslarma of water in it which is 1@ m long. The
pipe is a bit longer than that. Inside the pigm\e the water, is a very short column of air at
atmospheric pressure. A boy drills a hole in thygend of a pipe and affixes a tire valve to the
top end of the pipe. Then he uses a bicycle punmuinp air into the top end of the pipe. He
does so until the gauge pressure in the top etttegiipe is 414Pa. What is the absolute
pressure in the water at the lowest point in tipe pi(Gauge pressure is the pressure minus
atmospheric pressure. Absolute pressure is presdure adjective "absolute"” is used to
emphasize the fact that the pressure in questinotia gauge pressure.)

3) Water passes through &#8cm diameter kitchen faucet at a rate dlifers per minute in a
house supplied with water via &2m diameter horizontal pipe which i4n below the level
of the faucet. The pressure of the water in thedais 9900Pa.

a) What is the velocity of the water in the faucet?
b) What is the flow rate of the water in the suppiye?
c) What is the velocity of the water in the suppiye?
d) What is the pressure of the water in the supjde?

4) Fluid flowing through a pipe completely fillsdlpipe. The fluid is non-viscous and
incompressible and the flow is streamline and stetate. The cross-sectional area of the pipe
at one point is 96nt and the fluid velocity at that point is%8n/s. At another point in the pipe
the cross-sectional area of the pipe is onlgrs Determine the fluid velocity at this point in
the pipe.

5) A horizontal pipe has a diameter 0®d@cm along one part of its length and a diameter of
2.80cm along another part of its length. The pipeoisipletely full of water flowing from the
wide part to, and through, the narrow part. Thevfls to be considered steady state, streamline,
and non-viscous. In the wide part of the pipe,gressure of the water 1s60x10° Pa and the
speed of the water is20m/s. Find the pressure of the water in the napavy of the pipe.
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1) How much energy in the form of heat must flotoi@ OOliters of liquid water at 28°C to
increase the temperature of the water to the lgppmint, 1000°C ?

2) A 210g piece of solid copper at 99 is combined with 18@ of mercury at 28C. Determine
the equilibrium temperature of the system. (Asstima¢ no energy is exchanged with the

surroundings.) The specific heat of copp@% and the specific heat of mercury is

140L.

kg-C°
3) A 10Q0°C solid cube of copper,24cm on a side, is placed in. 9% of liquid water at
25.0°C. The system is at atmospheric pressure and meratiatmospheric pressure but is
thermally isolated from the surroundings. Findfihal, temperature of the water.

4) A brass object has essentially the shape afta circular cylinder of length.8 cm and
diameter 48 cm. The object has a mass @&faD kg. The density of the kind of brass of which
the object is made is 8650 kg/and the specific heat capacity of the kind of §rafswhich the

object is made i87 ” J

Complete the following table:

0"

a) EnergyQ that would have to flow into the
rod in the form of heat to increase the
temperature of the rod@C°

b) Distancen that one would have to lift the
rod to do an amount of work on the rod equal
to the amount of energy in item a.
c) Speedv that the object would have to haye
in order for its kinetic energy of translation tp
be equal to the amount of energy found in &.
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Phase Change Problems

1) Approximately how much heat would it take to mtpa.130kg of ice (solid water) at12.0°C
to water vapor (water in gaseous form) at.02€ ? (Assume that no energy is exchanged with
the surroundings.) Use:

kJ

kg-C°

Specific Heat of Ice2.09

Specific Heat of Liquid Water4.186kA

g-C°
kJ
kg-C°

Specific Heat of Water Vapo2.0

Water's latent heat of fusion 334%.
kJ

Water's latent heat of vaporization226x10? k_g

2) A 467gram chunk of solid water (ice) aL2.5°C is put into a Styrofoam bucket which has
some liquid water at 2@°C in it. A lid is put on the bucket. The heat aaipy of the bucket is
negligible as is the heat capacity of the air tegpim the bucket. Heat flow into or out of the
water from or to the surroundings is negligible hé&\ equilibrium is reached, the bucket is
found to contain only liquid water at2PC At that point, how much water, by mass, is | th
bucket? (Assume that the entire process takes plaatmospheric pressure.)

3) An ice cube of massZb0kg at a temperature e6.0°C is combined with 800kg of liquid
water at 49°C (Assume that no energy is exchanged with th®sodings. Use the values
from problem 1.)

a) What is the equilibrium temperature?

b) At equilibrium, what is the mass of the watesailid form and what is the mass of the

water in liquid form?

4) At atmospheric pressure, how much heat doe&dt to convert 0kg of ice (solid water) at
—-15.0°C to liquid water at 29°C ?

5) At atmospheric pressure, how much heat doe&é to convert G6kg of liquid water at
23.0°C to water vapor at 128°C ?

6) A solid single-substance object of mashas a heat capacity (not a specific heat caphaity
an actual heat capacit). The object is at room temperatig It melts at a higher
temperaturd,,. Starting with the object at room temperaturpeieson has to cause an amount
of heatQ to flow into the object to convert it completetyltquid at its melting temperature.
Find the latent heat of fusion of the material dfietr object is made.
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The First Law of Thermodynamics Problems

1) 350joules of heat is caused to flow into a gas inlandgr fitted with a vertical frictionless
piston of mass.@50kg whose face is in contact with the upper surtdade gas. The
cylinder-plus-piston arrangement is situated innam. The internal energy of the gas
increases by 18 joules. The process occurs so slowly that thetkirergy of the piston is
at all times negligible—the piston is to be consadiat rest at the end of the process. Find
the distance that the piston is lifted.

2) A cannon fires a cannonball of mass02®). The burning of the gunpowder quickly produces
a hot gas with a total internal energy of Zdprior to any detectable motion of the cannon
ball. The gases then expand as the force resdittingthe pressure of the gas accelerates the
cannonball along the barrel. The internal eneffigh® gas just as the ball exits the barrel is
only 114kJ despite the fact that the expansion occursdlyahat no heat flows out of the
gases during the expansion. Find the muzzle wglo¢ithe cannonball.

3) A rubber band acts like a spring with a forcastant of 50 N/m and an unstretched length
of 7.00cm. The mass of the rubber band.B00g and the specific heat of the rubber it is

made of isZGQOkQ%. A person stretches the rubber band by holdimggend fixed and
pulling the other end away from the fixed end uttitd length of the rubber band is.Gom.
Starting with the rubber band in this configuratibnd the temperature change experienced
by the rubber band when the person holding theemuublnd, while maintaining the fixed end
in a fixed position, moves the other end to a pwsi7. 00cm from the fixed end. Assume
that the change in configuration occurs so quitkét no heat flows into or out of the rubber
band in the process.
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Linear Motion Problem for Classical Physics

1) A toy manufacturer comes out with a magnetiddeion train. Relative to a start line, with
forward being the positive direction, the traimisserved to move along a straight track section
such that its position is given by:

x = (0.522)t* — (0.522)t*

wherex represents position andepresents the amount of time that has elapseé #ie start of
the observations on the motion of the train; m suade the units meters and seconds
respectively. Note that the acceleration of tlhntrs not constant.

a) Find the position of the train at tirhe 1.0 seconds.
b) Express the velocity of the train in terms oféi
c¢) Find the velocity of the train at tinte= L0 seconds.
d) Is the train going forward, or is it going backw at time = 1.0seconds?
e) Express the acceleration of the train in terfrigwee.
f) Find the acceleration of the train at tite 1.0 seconds.
g) At timet = 1.0 seconds, which of the following best charactertbesmotion of the
train:
I. It is going forward at an increasing speed.
ii. It is going forward at a constant speed.
iii. It is going forward at a decreasing speed.
iv. It is going backward at an increasing speed.

v. It is going backward at a constant speed.
vi. It is going backward at a decreasing speed.
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1) An object's position is given in terms of tine a
x = (4.0m) + [15%} - [6.55—n;jt2

a) Use calculus to determine the time, after timat@vhichx is a maximum.
b) Substitute the time found in part a into theegiequation to find the maximum valuexof
c¢) Find the time (greater than 0) at which O.

d) Make a graph oxf vs.t for values of timé between 0 and that time (greater than 0) at
whichx is 0.
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1) What is the speed of a particle whose velosit$5T 1+ +5.91 5 +1.2M% 2

2) Given that C=A +B whereA =27.1m? +155mj - 38.2mk and

B =185m? +18.5mf —14.6mk, find C. Note that the “m” in the expressions far and
B represents the unit, the meter.

3) Given thata = &, +d, wherea=12M% +35M 43 anda, =500%-24747+1.80%, find
S S S S S

a,.
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1) The angular position of a rotating object imisrof time is given as:

6 = 250rad+ .0140%%2 + .osso%jt“

a) Find the angular velocity of the obje::t in tercmha;im;-).
b) Find the angular acceleration of the objecemmis of time.
¢) Find the angular position of the object at timel.2s.
d) Find the angular velocity of the object at titmre 1.2 s.

e) Find the angular acceleration of the objecina¢ t = 12 s.

2) The angular position of a rotor for the firse3s of its motion is given by
6=420"%2 1127%
S S
After that, the rotor spins at a constant rate etputhe angular velocity of the rotor at the erid o
the first 125s of its motion. Once it is spinning at that canstrate, how long does it take for

the rotor to complete one revolution?

3) The angular velocity of a spinning object, ims of time, is given by:

w=180"29"300"% | 0.250"2%>
S

S S

Find the angular acceleration of the objedta6.00s.



SAC318

1) Find the cross produch x B, of the following two vectors:

A =40%-357+2.4%

B=14%+2.0f -5.0%
2) Use your result from problem 1, and the fact tha magnitude oA xB is ABsiné to
determine the angle between the vectdrand B given in problem 1 above.

y

3) Two pipe segments are welded together to form an F = 400Nt - 150N}

“L”. Refer to the diagram at right. The250m ~
segment lies on the z-axis with one end at theroag
shown. The B60m segment is parallel to the y-axis.
Find the torque about the origin resulting from the

force F acting on the top of the “L.”

.56Cm

4) Find the magnitude of the torque (and the uagast of the magnitude of the torque), relative
to the origin of the coordinate system for which tne force acting on the object in question can

be expressed as
F = (14.00+ .85)N% +(-3.27+.32)N J + (21.50+1.05N &
and the position vector for the point of applicataf the force can be expressed as
F = (-.850+.045m? + (-.750+ .035m 7 + (.260+ .016)m k.



SAC321

1) Consider an origin at poidt and three tiny objects, all at one and the sameasbn.
Object #1 of mass.Bkg is.35m north ofA.

Object #2 of mass.8kg is.50m east ofA.

Object #3 of mass.Bkg is.42m southwest oA.

Find the position of center of mass of the systémasses with

respect to the origin at poiAt ?&T ?&T

¢

2) Find the center of mass of the U-shaped unifplate
depicted at right.
$5.0cn

le——20. cn—|

3) Find the center of mass of a uniform plate & shape of a
right triangle of base80m and height15m.

4) The moment of inertia of a uniform disk of masand radius with respect to an axis
perpendicular to the face of the disk that exteéhdsugh the center of the disk%smrz.

Find the moment of inertia of a uniform disk of masand radius with respect to an axis
perpendicular to the face of the disk that extehdsugh the rim of the disk.

5) The moment of inertia of a uniform thin rod cassm and lengthY, with respect to an axis

that is perpendicular to the rod and passes thrthahenter of the rod, i m/?. The moment

of inertia of a uniform sphere of massand radiug, with respect to an axis through its center, is
2mr?. A pendulum consists of a thin uniform verticadirof mass50kg and length50m and a

uniform sphere of mas45kg and radius25m. The bottom end of the rod is attached to tpe to
surface of the sphere. Where they meet, the rpdrjgendicular to the surface of the sphere.
The pendulum is pinned so that it is free to rotdieut a horizontal axis that passes through the
rod at a point A0m below the upper end of the rod. Find the monoémtertia of the

pendulum with respect to the axis of rotation pesscribed.

6) Three identical uniform rectangles of sheet iretan one and the same horizontal plane.
Each piece has mass length/, and widthw wherew < /. Two of the pieces abut the third
piece at either end of the third piece in such amaaas to form a symmetric letter Find the
moment of inertia of the lette™ thus formed about a vertical axis through theteeaf the T".
(Use the fact that the moment of inertia of a umifahin rectangular plate of mass length/,

and widthw, about an axis perpendicular to the plate thrdtsgbenter, iss m(£2 +w?).)



SAC323

1) The potential energy of a particle, in termst®Cartesian coordinates, {/, 2), is given by
Gmm,
X +y?+2°
(that force which is characterized by the potemi@@rgy function) on the particle, expressed in

terms of the particle’s Cartesian coordinates.

U=-

whereG, m;, andm, are constants. Find the y-component of the force



SAC324

Energy and Power Problems

1) The total amount of energy delivered to the elhef a car from time O to tintds given
in terms of the time by:
E= [35.09jt + [1.5%}2
S S

in which the “J” and the “s” are the units Joulesl &econds respectively.
a) Find the power delivered to the wheels, in teoffrithe timet.
b) Evaluate your answer to part a to determingptiwer to the wheels at time
t=24s.

2) In milling a part out of a solid block of stestarting with the first contact of the bit with
the steel, the amount of energy used by the mitlinaghine, in terms of time, is given by:

E- 5490J(1— et/ (9'255)j

in which the “J” and the “s” are the units joulesglaseconds respectively. Find the power
being used by the milling machine at@s after first contact.

3) The kinetic energl{ of an object, in terms of tintgis given by

2
K:7.80J£1— 1.00s ]

(t +1.009)?

in which the J is the unit of energy, the jouled &éime s is the unit of time, the second.
Find the power, expressed in terms of time, thatldvoause the kinetic energy to vary
with time in such a manner.
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1) Prove thatx = Acos@zf't) with £ = Zi\/E is a solution to the simple harmonic motion
7z\im

. d?x . : . .
equation—kx=m - (Hint: Substitute the proposed solution inte dguation and show that

it leads to an identity. Note that an identitwifrivial equation, such as=2 orb=Db, which is
obviously true.)



SAC 329

: . 0’y 10y .
1) Prove thaty =y, CO —x—?t IS a solution to the wave equatlean7 =— pe; with
X" v

the wave velocity being related to the wavelengtth period byv = % (Hint: Substitute the

proposed solution into the equation and show tHatds to an identity. Note that the
derivatives are partial derivatives and hence; wjmntake the derivative with respectd¢oyou
should treat as a constant; and; when you take the derivatitle nespect td, you should treat
as a constant. Further note that an “identit\d tsivial equation such as=8 orb=b whose
correctness is self-evident.)



