Physics 211 Week 4

Work and Kinetic Energy: Block on Incline (Solutions)

A block of mass 3 kg is moved up an incline thakesaan angle of 3%with the horizontal under
the action of a constant horizontal force of 40The coefficient of kinetic friction between the
block and the incline is 0.1. The block is iniyat rest. What is the kinetic energy of the kloc
after it has been displaced 2 m along the incline?

Conceptual Analysis:
- The block begins with zero kinetic energy; whatemeergy it obtains must be equal
to the work done on the block.
- Three forces do work on the block: horizontal forgeavitational force, and frictional
force.
- Work is the net force on the block times the disat is displaced.

Strategic Analysis:
- Find the net force on the block.
- Multiply the net force by the distance to obtaie tiet work done on the block, and
thereby obtain the change in kinetic energy.

Quantitative Analysis:
- Begin by labeling the given quantities
@ angle of incline
m mass of block
d displacement of block
K coefficient of kinetic friction
Fy horizontal force
We’'ll also use
F: frictional force
Fy gravitational force
Fn normal force
Fretnet force on the block
We are looking for
KE kinetic energy of the block after it has beerpldised.
- Since the block remains on the incline, we know tha net force in the direction
perpendicular to the incline must be zero. Thedsmerpendicular to the incline are
Fn and a component of boky andFy acting perpendicular to the plane. We can sum
the forces to zero to obtain an expression fontivenal force.
Fn=Fgcosf+ Fy sind
- Next, we look at the net force parallel to the plaThere are three forces that act
parallel to the plane. Begin by determining whidmponent of each force acts
parallel to the plane.
Fu : Fycosd
Fg: Fgsind



FfZFf

- The force of friction is jusks = yFn = f{FyCcosd+ Fy Sinb)
- Combining the three forces, we obtain a net foopeagon:
Fnet= [Fn c0F - Fgsing - ((Fycosd + Fy sind)]
- We can multiply the net force equation by the nstathce moved to find the net
work.
Whet = Fretd = [F4 cOsF - mgsing - t{mgcosf + Fy sind)] d
- We also know thatlKE = Wt = Fpeid
- So, inserting our values:
JKE = [40 Ncos37 - 3kgr 9.81m/& sin37
- 0.1(3kgr 9.81m/é+cos37 + 40 Nsin37)] 2 m
AKE =18.95J
Since the block began with zef&, it now must hava8.95J.

(This problem can also be solved by finding thekaawne individually by each of the three
parallel force components and then combining thewbtain the result of 18.95 J.



Physics 211 Week 4

Work and Kinetic Energy: Loop (Solutions)

You are designing a new roller-coaster. The maature of this particular design is to be a
vertical circular loop-the-loop where riders wildl like they are being squished into their seats
even when they are in fact upside-down (at theofdpe loop).

The coaster start at rest a height of 80m abovgrtend, speeds up as it descends to ground
level, and then enters the loop which has a rashi@®m. Suppose a rider is sitting on a
bathroom scale that initially reads W (when thesterais horizontal and at rest). What will the
scale read when the coaster is moving past theftte loop?

(You can assume that the coaster rolls on the trgtiout friction).

mg N

You can use conservation of energy to find the cigtaf the coaster at the top of the loop. The
coaster will begin with gravitational potential egy which will change to kinetic energy as the
coaster begins moving. You can use the valueekithetic energy to determine an expression
for the velocity in terms of gravity, the initiaélght, and the radius of the loop. With the values
given in the problem, you know that the initial ¢jfeti is 4 times the radius of the loop. You can
use this relationship to simplify the velocity eggsion to be only in terms of the acceleration
due to gravity and the radius. Next, you can usetidn’s second law to determine the normal
force on the coaster at the top of the loop. Thrsbe done by combining the normal force and
force of gravity to obtain an expression for thessxames the centripetal acceleration. You then
use your velocity from the conservation of energg msert it into the centripetal acceleration
equation. If you solve the expression for the redrfarce, you should obtain the value N = 3mg.
The normal force is the value that the scale wild. A scale would usually read mg, so the
rider experiences what we would call 3g’s.



Physics 211 Week 4

Work and Kinetic Energy: Colliding Binary (Solution s)

Two identical stars, each having a mass and rajual to that of our sun (M = 2x4kg and
R = 7x1¢ m), are initially at rest in outer space. Thaitial separation is the same as the
distance between our sun and the earth, D = 1$x10 Their gravitational interaction causes
the stars to be pulled toward one another. Fiegsgeed of the stars just before they collide.

The pictures show the initial and final positiorigtee stars. You can approach this problem by
noting that energy is conserved from initial toafipositions. Initially, the stars have only
gravitational potential energy. After they havebdédrought together, they have both
gravitational potential energy (their centers dileseparated by 2R) and kinetic energy.
Remember that each star will have a kinetic endrgicontributes to the final energy of the
system. Also remember that gravitational poterrergy has a negative value. Using the given
values from the problem you should obtain a vejoait97 km/s



Physics 211 - Week 4
Newton's Laws: Noise-Maker (Solution)

After watching the movie "Crocodile Dundee", yowaome friends decide to make a
communications device invented by the Australiaoidines. It consists of a noise-maker
swung in a vertical circle on the end of a stringpu are worried about whether the string you
have will be strong enough, so you decide to cateuthe tension in the string when the device is
swung with constant speed. You and your friend& egree whether the maximum tension will
occur when the noise-maker is at the highest poitite circle, at the lowest point in the circle,

or will always be the same. To settle the argumgni decide to calculate the tension at the
highest point and at the lowest point and then @mthem.

The problem states that the device is swung wittstamt speed in a circle, which means it is
swung in uniform circular motion. The centripedateleration needed to keep the device in a
circle is provided by gravity and tension. The magle of the acceleration depends on the
speed and radius, which both remain constant timauiggthe motion; therefore, the magnitude of
the acceleration is constant. By drawing free bdidgrams for the noise-maker in both the top
and bottom positions, you can identify the direttid the tension, gravity, and resultant
centripetal acceleration for each position. Yoll fid that the gravity and tension combine at
the highest point to both contribute positivelythie centripetal acceleration. At the lowest point
the gravity acts away from the center of the cierld so adds negatively to the tension in
obtaining the resultant centripetal acceleratibor this reason, the tension must be greater at the
bottom so that the centripetal acceleration israatcat the bottom where the gravity has a
negative contribution as it is at the top wheregtayrity adds positively to the centripetal
acceleration.
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Physics 211 - Week 3
Force and Simple Dynamics: Carnival R{@®lutions)

A neighbor's child wants to go to a carnival to@xg@nce the wild rides. The neighbor is
worried about safety because one of the rides lpakiscularly dangerous. She knows that you
have taken physics and so asks you for advice.rifleen question has a 4kg chair which hangs
freely from a 10m long chain attached to a pivottmntop of a tall tower. When the child enters
the ride, the chain is hanging straight down. @hiéd is then attached to the chair with a seat
belt and shoulder harness. When the ride startdhaphain rotates about the tower. Soon the
chain reaches its maximum speed and remains rgtatithat speed, which corresponds to one
rotation about the tower every 3 seconds. Whenagiuthe operator, he says the ride is
perfectly safe. He demonstrates this by sittinthenstationary chair. The chain creaks but
holds, and he weighs 90kg. Has the operator shbatrthe ride is safe for a 25kg child?

Conceptual Analysis:

- The operator has shown that the ride is safe ®cHild if the demonstration tension
is greater than the tension in the chain whilerithe is operating with the child in the
seat.

- The centripetal acceleration required to keep thiel @nd swing rotating comes from
the horizontal component of the tension in thechai

Strategic Analysis:

- Find the demonstration tension in the chain byifigdhe weight of the operator and
seat together.

- Find the tension in the chain that is present wherride is operating with the girl in
the seat.

- Compare the two tensions to see if the operatoshaan the ride to be safe for the
child.

Quantitative Analysis:

- Begin by labeling the given quantities:
ms mass of the seat
m: mass of the child
m, mass of the operator
T period of the ride
L length of the chain

We are looking for a comparison between

Fr the tension in the chain when the girl in onaperating ride, and
Fy the demonstration tension

- Find the demonstration tension by finding theglieof the operator and the seat.
Call his force of tensioRy'.

Fr' = (Ms+ mo)*g

- Since we know the centripetal acceleration needé@ep the swing in motion is
provided by the horizontal component of tensie, we should find this component.
We should begin by drawing a diagram of what the will look like while in



operation. We can also draw a free body diagrarthfochild and swing showing
the forces of tension and gravity.

Fr

Fq

To break the tension into components, it is helpfudssign an anglé, According to
our diagram, the component of the tension thaerpgndicular to the tower is
Fry= FT*sin(G)
- Next we should find the centripetal acceleratanpf the swinging child.
We know that. = «f*r, wherewis the angular velocity andis the radius from the
swing to the tower.
We can findwby the relationship
w=21T
r can be found by looking at our diagram. The radwill be the horizontal
component of the length,
r =L*sin(®)
Putting these two together, we find the centdpatceleration:
ac = af*r = L*sin(@)*(2ATY
- Next, we can multiply the centripetal acceleratigrthe mass of the child and swing
and set it equal to the x-component of the tensidhe chain.

(Ms +mMo)* ac = Frx
(ms + m)*L*sin@)* (274T)* = Fr*sin(®)

You can see that the quantity $ip¢ancels out of each side. This is good
because we do not actually have a given valuehtoangle the chain makes with
the rod during rotation.
- We now have enough information to solve Fgr the value of the tension in the chain
when the girl is riding.
Fr=(ms + m)* L*@ATY
- Next we should comparter andFy (the demonstration tension) to see if the operator
has proven the ride safe.
F<k ?
(M5 + M) L*(7AT) < (ms+ mo)*g 2
(4 + 25¥10*(2103)°< (4+ 90)(9.81) ?
1272 N <922 N ??
NO!



- The demonstration tension is only 922 N; howevdérenvthe girl is on the ride, the
tension in the chain will be 1272 N. Therefores tperator has NOT demonstrated
the ride to be safe.

- As another point of interest, let's say the tensiothe cabledoeshold the child.
What will the ride look like?
- Recall the angle between the chain and tower tkeaasgigned for reference. Let's
determine the angle for the given weight of thédchi
- The horizontal component of the tension was reladdte centripetal acceleration.
We can use the vertical component of tension b e angle by noting that the
vertical component of tension must equal the farfogravity.
(M + me)*g = Fr*cos@)
6= cos'{(ms + m)*g/ F]
6= cos'[(4 kg + 25kg)*9.81m/¢ / 1272N]
=777
This angle indicates that the swing will be clas¢hie horizontal position (90 degrees).
Perhaps the neighbor should be more worried aleruthild falling out of the swing!



