Exam 3
Physics 130

Short Answer Section. Please answer all of the questions.
1. A 200,000 kg locomotive has a linear momentum of 1,000 OOOkgﬂp. What is the
s

locomotive’s velocity vector and what kinetic energy does it have?
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KE=5mv2 =2.5x10%J

2. How much work does the gravitational force due to the sun do on the earth in its orbit?
Assume that the earth moves in a perfect circle at constant speed (uniform circular motion) with

the sun at the exact center of the circle.

No work is done. The force is perpendicular to the displacement
3. Apotential has the form U = 2x° . What force results from this potential?
F =-10x"

4. A spring with spring constant k=50N/m is compressed by 0.1 m. This spring relaxes, and the
block (mass 10 kg) moves across a horizontal surface and then up an incline. No friction is
present. What energy is initially stored in the spring? What gravitational potential energy does
the block have when it stops at the top? How far up the incline does it slide before stopping?
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U, :%kxz :%-SON / m-(0.1m)° = 0.25]

U,=U,=0.25]
mgdsin30=U, =0.25
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mgsin30

5. Mass 1 has a value of 20kg and is located at position (0,5), Mass 2 has a value of 40 kg and
is located at (5,5). Compute the x and y positions of the center of mass. If the masses suddenly

begin to attract each other, where will they meet?

_ 20kg!0+40kg!5m
Xon = T 5 0kg + 40kg

_ 20kg!5m+40kg!5m _
Yo = T o0kg+ 40kg

They will meet at the cm.

=3.33n

5.0m

6. Aball (m=I1 kg) has a velocity V, =—-15m/ sj just before it hits the ground. It bounces, and
immediately after the bounce, it has a velocity of v, =+10m /sj What was the ball’s change in

momentum? If this change in momentum occurred over a time of 0.05 s, what average force did
the ball experience?
Ap=p,—p,=m(, —¥,)=1kg(10m /s j—(~15m /s )= 25kgm /s

F:gz 25kgm /s j :500N}
At 0.05s

7. A5 kg mass initially moves to the right at 50m/s. It collides with and sticks to a mass of
10kg that was initially at rest. This collision is completely inelastic. What are the final
momentum and velocity of the masses that are stuck together? What was the change in kinetic

energy?

B, = P, =my, +m,v, =5kg-50m/ si +10kg-Om / si = 250kgm / si

P, =(m +my)v

—16.67m/si

1 1 1
AKE = KE, — KE, = E(ml +m, v — (Emlvf + Emzvj) =-4166.67J



8. Assled slides on a frictionless hillside that has the shape below. It has a mass of 15kg and it
starts from rest. What is its initial potential energy? What are its final kinetic energy, and final
velocity when it reaches zero height at the end?

A

500
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U, = mgh =15kg-9.8m/s’ - 500m= 73,500J
E = KE, +U, =0+ 73,500J = 73,500J
E, =KE, +U, =KE, +0J

E,=E
KE; =U, =73,500J
2KE;
V; = =98.99m/s
m

9. Friction causes a sliding mass of 5kg to stop in a distance of 10m on a flat and level surface.
If the mass had an initial velocity of 10m /s , change in kinetic energy occurred and what work
did the friction do? Given this work and the distance covered, what frictional force was present?
Note: This work-energy problem does not require you to know the mass to find the frictional

force. Consider the relationship between work done by friction, the distance covered, and the
frictional force.

AKE =KE, - KE, =0- 1mlvf =-250/
2

AKE =-F,d
AKE -2
Fo=- =— SW = 25N
d 10m

10. Is it possible to write a potential energy for the forces involved in a breaking an egg? Why or
why not?

No. The forces are not conservative.



Problems. Please work two (2) of the three problems.

1. The process of alpha decay is a common decay process that occurs in heavy nuclei. In this
process, a heavy nucleus at rest decays by emitting a Helium nucleus. Typically these nuclei
are very long lived and they constitute a significant challenge in waste disposal. The nucleus

238 is such a nucleus. Tt is the most common naturally occurring form of Uranium, and its
decay leads to radium and radon gas along its decay chain. We will consider a decay at rest.

m, =3.953x10 kg
201 **Th+'He my, =3.886x10 kg

m,, =6.642x107 kg

238y 234Th e
Q O
VTh VHe
a. What are the initial momentum and kinetic energy of the 23819
p;, =0kgm /s
E =0J

b. What is the total momentum after the decay? If the 4He has a velocity of v,, = 4x10'm /sE.
what is the velocity of the 234Th?

ﬁf =p; =0
Moy Vy + My Vg, =0

6.642x 107k - -
By = — e, = & .4x107m/si =-684x10°m /s

Yy frp—
m, " 3.886x10kg

c. What is the change in the kinetic energy in this decay?

1 1
AKE = KE, — KE, = > M, Vo + > m,,vo—0=5.404x10"%J



2. A 100kg mass is subjected to a force as shown below. Assume that the mass is initially at
rest.

50N —t—

10 20 30 40 X inm

-50N ——

a. What is the work done on the mass when it moves from x=0 to x=10?

1
Wy g =—10-50 =250/

b. What is the work done on the mass as it moves from x=10 to x=20?

Wi, = 1050 = 5007

c. What is the velocity of the mass at x=20 m?

1
AKE = KE, - KE, = —mv; — 0 =750/
2

2KEf
v, = =38Tm/s
m

d. What work was done on the mass in moving from x=20 to x=40?

1 1 1
W20740=5-5-50—5-5-50—5-10-50=—250J

e. What total work was done on the mass in moving from x=0 to x=40 and what is the mass’
kinetic energy and velocity at x=40m?



W =250/ +500J - 250J = 500J

1
AKE = KE, - KE, = —mv; — 0 = 500/
2

2KEf
v, = =3.16m/s
m




3. A particle moves in the potential energy curve shown below. (Note: This potential is
sometimes called the “wine bottle” potential.)
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a. Describe the motion that a mass with energy E() can undergo. Note: Be sure to describe all of

the motions and turning points. Estimate numerical values from the graph.
The mass is at rest at either x=+1 or x=-1.

b. Describe the motion that a mass with energy E{ can undergo. Note: Be sure to describe all of

the motions and turning points. Estimate numerical values from the graph.
The mass can oscillate between x=-1.3 and x=-0.55 or between x=0.55 and x=1.3

c. Describe the motion that a mass with energy E, can undergo. Note: Be sure to describe all of

the motions and turning points. Estimate numerical values from the graph.
The mass can oscillate between x=-1.5 and x=1.5
d. At what x values is the force on the particle zero?

Force is zero where slope is zero: x=-1,0, +1



e. What is the direction of the force for x<-1?
Force = -slope. The force is positive (rightward) in this region.
f. What is the direction of the force fore -1<x<0.
Force is = - slope. The slope is negative (leftward) in this region.

(bonus). Why do you think that this might be called the “wine bottle potential” ?

Useful Formulas

Conversions:

1 mile = 1.6 km 1 foot =0.3048 m
1inch =2.54 cm 1 mile = 5280 ft.
Constants:

g=98m/s2 =32 fs?

Misc. Equations:

3

4
Volume of a sphere = 5! r Volume of a cylinder = ! r*L

Area of a circle = ! 12 Volume of a rect. obj.=Lx W x D

sin@ = opp/hyp
cos@ = adj/hyp
tan 0 = opp/ad;]

Derivative of a Polynomial.

—(ax")=nax""

Example:
d 2
—(ax’)=3ax
dx( )

Integral of a polynomial.

4

b
Example fbx3dx =22



