CHAPTER 8 POTENTIAL ENERGY

From chapter 1 of this course to the present, we have been studying
mechanical systems. We first discussed their kinematic properties,
thereby introducing the concepts of displacement., velocity and

celeration. We studied the dynamic properties of smechanical systems,
- «troducing the ideas of force, momentum, and kinetic energy. We now need
to introduce onme further quantity before our study of mechanical systems
will be complete., This quantity is POTENTIAL ENERGY.

Why is potential energy interesting? The answer to this question lies in
the all important notion of a conservation law. We are leading up toc a
conservation law which is far more important and generally applicable than
the momentum and kinetic energy conservation laws already studied. This
is the law of the conservation of TOTAL MECHANICAL ENERGY, where the total
mechanical energy of a system is defined as the sum of the potential
energy and the kinetic energy.

When we have a handle on both kinetic and potential energy, we can analyze
mechanical systems using a very powerful tool — the law of conservation of
total mechanical energy. We have seen how kinetic energy is conserved
under certain specific conditicons. It turns out that the total wmechanical
energy, defined as the sum of the kinetic energy and potential energy of a
system, is conserved in an extraordinary wide variety of circumstances.

If one is careful, this conservation law can be used to analyze any
mechanical system where the action of friction is of a major factor - from
the motion of planets and satellites to the bone structure of an animal.

In this chapter we will first see what potential energy is and how it

figures into the description of mechanical systems where forces are

“~ting. Then we will explore the total mechanical energy of many systems
detail and why and how this quantity is conserved.

When in future chapters we leave the realm of purely mechanical phenomena
to study heat, electricity, magnetism and atomic structure, we will find
conservation of total energy no less applicable. In studying these
different kinds of physical systems, we will have to think a bit about
what constitutes the total energy of a system. But having done this, we
will find that this general conservation law can be applied in the same
manner as we will learn to do in this chapter.

PERFORMANCE OBJECTIVES
Upon completion of this chapter you should:
i. Be able to determine the potential energy stored in a spring.

2. Be able to equate mathematically the potential energy stored in a
spring to the amount of stretch or compression the spring undergoes.

3. Be able to describe mechanical energy conservation as two ocbjects
interact elastically.
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‘Be able to state the relationships between the change in gravitational
potential energy near the surface of the earth and the height of a mass
"m" above the surface of the earth.

Be able to describe the energy conservation occurring in an object
falling toward the earth, neglecting friction.

Be able to recognize the nature of potential energy and discuss
gravitational potential energy in general (at any distance from the
earth’s surface).

Be able to ecalculate:

a. The escape velocity of any object leaving the earth or another
object.

b. The binding energy to the earth or another object.
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1. Read: Section B-1 The Spring Bumper page 151
Section 8-2 Energy In Simple Harmonic Motion page 154

a. How is the compression or stretch of a spring related to the force
which causes the compression or stretch?

2. Sketch a graph of F vs x for a spring.
a. What does the area under the graph represent?
b. What formula is used to calculate this area?

c. For any spring, F = .

——— e —

d. The work done to stretch or compress a spring a distance "x" is:
W= -

e. kWhat does 1/2kx"2 represent? It is represented by symbol _______
3. Use Figure B-1, page 152 to answer the following questions.
a. At the beginnings:

{1). the total mechanical energy is possessed by what object?

{2). the type of energy is .

(3). the magnitude of the energy can be expressed as E+ =

b. In the third event from the top:
(1). How much kinetic energy does the block possess?

{2). How does this magnitude compare to the kinetic energy that the
block possessed at the beginning?

{3). Where is the energy that the block lost?

{4). The potential energy stored in the spring is: U, =
which is equal to -

(3). Thus the total mechanical energy (E+) equais the
of the block plus the of the

spring.

(6). (Thus E+ = + -

c. In the fourth event:
(1). All the energy is now located where?

(2). Thus E+ = 1/2 mv."2 = =

{3). Therefore the amount of spring stretch or compression "x" can
be calculated using the formula: x = .
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Problems: page 154: #1 #2 #3
169: #1929 #22

Ask instructor for his stool., weights, and instructions for performing
a spinning demonstration.

Read: Section 8-3 Potential Energy near the Surface of the Earth p-158
Problems: page 170: #23 #24  #25 #26
Request te see some bouncing spheres from your instructor.

Read: Section 8-4 Gravitational Potential Energy near the Surface of
the Earth page 158

a. Study Notes 1: REFERENCE POINTS OF POTENTIAL ENERGY provides
further insight.

b. When an object falls toward the earth, there is a mutual force
between the ocbject and the earth. Why can we neglect the motion of
the earth and be concerned only with the falling object?

c. The change in potential energy near the surface of the earth is
calculated using the formula: U, = -

d. Study Notes 2! GRAVITATIONAL FIELDS contains an excellent
discussion as to why one can let "g" remain constant {(near the
surface of the earth).

a. An abject of mass 3.0 kg is : } U
raised from the table top, £ k
(position d) to {(position
a) which is 8 meters above
the table top. Indicate
the value of the potential
and kinetic energy when the
object is at *a’? in the
appropriate blanks at the
right.

0 meters (d)
b. The object is allowed to _Ii ”

fall. As it passes
(position b and c) it
possesses some potential
energy and some kinetic
energy. Determine the
amount of each and record
the information in the
appropriate blanks.

8 meters @ (a)

6 meters o (b)

L meters o (c)

c. As the object reaches (position d), (which ia zero distance above
the table, yet not touching the table), it possesses some energy.
Record the values of kinetic and potential energy that the object
possesses in the appropriate blanks.
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d. Express the speed v’ of the object in terms of the quantities:
my gs Oh. '

e. Calculate the speed of the ocbject as it reaches (position d) and
record it.

. Predict the speed of the object as it passes (position b and c).
Then calculate the speed. Did your prediction agree with the

calculations? ( )

Experiment 13: CHANGES IN POTENTIAL ENERGY PAGE 25

a. Use YOUR spring from a previous experiment in which its "k" wvalue
was determined.

B. A detailed wrife—up is expected.

c« In the past students have wasted much time doing this experiment.
To save time you should ocutline what you are going to do and
discuss the outline with your instructor before doing the
experiment. C:::;;;

)

Problems: page 163: #8 #7{a must) #10

page 171: #27 #29 #30 #31

Read: Section 8-5 Gravitational Potential Energy in General page 163

a. Ask instructor for an explanation of what was said in this
section.

b. See: Study Notes 3: SIGN OF POTENTIAL ENERGY AND
Study Notes 4: SIGN OF TOTAL MECHANICAL ENERGY
which are included for your reading pleasure.

c. Why does the gravitational potential energy equal zero at

infinity? { )
Read: Section B8-é ESCAPE ENERGY AND BINDING ENERGY page 165
Note...Study Notes 5. THE SIGN OF BINDING ENERGY is included.

The following four questions represent the general outline of the
chapter. If you can answer them, you should have an understanding
of this section. As in the past, if you have difficulty, see your
instructor.

a. What is the energy (per kg mass) needed to escape from the earth?
b. What is the velocity needed to escape from the earth?

c. What is the eneray (per kg mass) needed to put an object into
orbit near the surface of the earth) compared to the kinetic
energy needed to escape the earth’s surface.

Problems: page 168: #13 #14 #15 #17 '

page 173: #33 $#34 #3595 #36
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17. Read: Section 8-7 Total Mechanical Energy page 168
5 Note...Read Study Notes 4: THE SIGN OF THE TOTAL MECHANICAL ENERGY.

18. Optional...As time permits, you may do as many of the following three
activities as you desire.

a. Determination of the speed of a BB gun.
See instructor for details.
A worksheet is available for your asking.

b. A mass on a string is pulled away from the

vertical and raised a certain height h. The \l; Razeer
bob is released. As it reaches the vertical, "EE“ L BLAbEe
a razor blade cuts the thread. Using oo ecor @
appropriate data, calculate the speed of the ) ? i
mass at the instant it was cut from the L 5
string. Fisow

c«. Predicting the range of a projectile.

Obtain a dynamic rubber band (cne yvou used to accelerate the
carts). After making appropriate nmneasurements. mount the rubber
band on supports in such & manner tc make a sling—-shot. Using a
lead mass, predict the range of the lead mass when you pull the
rubber band a given amount. After you have made all the
calculations, ask vour instructor to oversee the actual firing.

19. Complete the 3 guestion written exercise and have it evaluated.

"GEORGE" By G. Freier

GIVE ME THE
BULLET

CHESTER

"Laws of phvsics. mv eve! I'm a practical man'
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Chapter 8 Answers
(a) F is proportional to x

. (a) Work done to stretch or compress the spring (equals the change in Us)

(b) Area = W = U_ = #Fx (e) kx (d) Hkx

(c) spring potenfial energy U

1) m m 2) kineti 3

(ggglg %ziéng (gislesg )(3) :t;;e:nzggip 1! EE) %mgo , mv %
(5) kinetic, potential

(c)(1) stored in spring (2) ékx (3) x = /m/k "

(1) (a) when compression is greatest (b) at same point (c) zero

(2) find the slope of the graph

(3) (a) yes as force depends only on distance (b) 18 joules (c¢) 0.15m (d) %
(19) (a) 0.5 joules (b) 0.5 joules (c) 0.3 joules

(22) (a) 100 N/m (b) S.A.B.

Eza; (a) 18 joules (b) S.A.B. (ec) S.A.B.

2l,) S.A.B.

(25) S.A.B.

(26) (a) 1.00 kg m/s (b) 0.500 kg m/s, 2.00 kg m/s, 4.00 kg m/s (c) 1.00 joule

Eb) F = ma because mass of the earth is much greater than the mass of the object
c) mg h

= "

(a) (at a) U = 235 joules E_=0 v = 0 m/sec
(at b) € _ 176.4 joules = 58.6 joules = 6.25 m/sec
(at c) = 117.5 joules = 117.5 joules = 8.85 m/sec
(at d) =0 = 235 joules = 12.5 m/sec

(B8) 3.4 x 103 joules

(9) 79.2 joules (b) 79.2 joules (c) 22.3 m/s

(10) (a) 18 m/s (b) 80% (c) 2.0 x 10° N

(27) S.A.B.

(29) (a) S«A.B, (b) 0.78 m

E;g; (a) 1.5 joules (L) 0.4 joules (c) 1.1 joules (d) 1.1 joules (e) 0.4 joules
31) S.A.B.

(13) () 0.20 m (b) oscillating, as high as on left, 1.2 joules (c) =0.5 joules

(14) increase
(15) an additional EK

El?) GmM / (}8

33% 2.3 x 33ules -

(34) (a) h joules (b) 3.9 x 10" joules

(35; 5.6 x 10

(36) (a) 6.2& x 10 Joules (b) 4.43 x 107 joules (c) 8
: 8 N Ax BicEss CHARSE BuLbs U Y| THE CONSEQUENCES ) 1 KNOW ONE THING.
" “?HOUT‘I;E"{:HEEBULENGE INSIPE A GROWING ARE.. _LickTNG 15 A LOT
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Chapter 8 STUDY NOTES

1. Reference Points of Potential Energy

It is important to understand that we can assign unique values of potential energy to
objects only after we have first defined a reference point where the potential energy
is zero. The value of the potential energy depends on this choice of reference point,
so when doing a calculation you must measure all potential energies relative to the
same reference point.

For motion of a body near the surface of the T - h=5m

earth, it is not sufficient to say only that
U = mgh. You must also specify the place
chosen as the reference point: at this =
reference point both U and h are defined to p=f
be zero. If we have a tower 100 m high and
define the reference point to be half-way up
the tower: then a l-kg mass has a potential h==5m
energy of zero when half-way up. At the earth's surface
ground the potential energy of the 1-kg mass is given by:

U= mghground = (1kg) (9.8 m/sz) (=50 m) = =490 Joules
And at the top, the potential energy of the l-kg mass is:
U-mgh, = (1ke) (9.8 n/s°) (50 m) = + 490 Joules

If we choose a different reference point, the value of the object's potential energy
at each height will be different. For instance, if we choose the reference point to

be the top of the tower, then at the ground, hground = =100 m, and
U

ground (1 ke) (9.8m/52) (=100 m) = =980 Joules

for our 1-kg object. This result clearly does not agree with the value of the
potential energy at the ground when the reference point was chosen to be 'half-way' up.

Note, however, that independent of our choice of reference point, the change in
potential energy when the 1-kg object moves from the bottom of the tower to the top
is +920 Joules. This is a general result: the value of the potential energy will
always depend on an arbitrary choice of reference point, but the change in potential
energy when the object moves from one place to another will never depend on the
choice of reference point.

While our examples in this study note involved motion near the surface of the earth,
the results expressed are generally valid. For bodies at large distances from one
another, the potential energy due to gravity is given by the equation: U = -GmM/R
where R is the separation of the two bodies. In this case, the reference point is

R =0, so that when R is infinite (R =o0) the potential energy is zero: U = O when

R =, Be sure to keep these reference points in mind whenever you deal with potential
energy.

s Gravitational Fields

You may find it strange that we analyze the motion of particles under the influence of
gravity using different force laws in different circumstances. There is really only
one correct law of universal gravitation, and it states that the force of attraction
between two masses varies as the inverse square of the distance between them. Yet
'ravitational force between the body and the earth is a constant; that the force does
<ot depend at all on the distance between the body and the earth. This is an
approximation which is quite valid as long as the body remains near the earth's
surface. To see why it is valid, remember that what determines the magnitude of the
gravitational force between an object and the earth is the distance from the object to
the center of the earth — not the distance from the object to the earth's surface.
: (con't)




Chapter 8 STUDY NOTES D

Let's compare the gravitational force on a 1.Q00 kg body at the surface of the earth
and the gravitational force on a 1.000 kg body 3.000 km above the surface of the earth.
We'll perform the calculation to four significant figure accuracy.

. . . 2
The universal force law is: F =G he Mabi/R

For a body on the surface: R = 6.378 x 106 m 6

For a body 3 km above surface: R = 6.378 x 106 m+ 3 x.lO3 m= 6,381 x 10" m
So the force at the surface is: 9.817 Newtons
And the force 3 km above the surface is: 9.801 Newtons

We see that cven though the body has moved a reasonsbly large distance from the earth's
surface, the relative change in its distance from the center of the earth is quite
small. Thus, for bodies restricted to within 3 km of the earth's surface, we can ¢:.
consider the gravitational forces on these bodies to be independent of their position =
to two significant figures at least.

So for bedies confined to locations near the surface of the earth, the force is given
by the approximate relations

F=mng [where g is a constant equal in megnitude to 9.8 m/sz]
The associated expression fof the potential energy is:

U=mgh [U is defined to be zero where h = 0; g = +9.8 m/sz]
Remember that this formula is an approximation, with limited validity.

For bodies free to move far from the earth's surface, the generzl law of gravity
‘which is always valid) mast be used. The force law is:

F=GmM e/}.:t2
and the corresponding potential energy is:
U==GmnM e/R [(where U is defined to be zero infinitely far from earth]

Note that this force law and potential energy formula apply to anv two bodies
interacting via gravity; the earth need not be involved. Also note that you can
apply this universal gravitation formula to motion near the surface of the earth;
however, it is much more curbersome end will give you nearly the same results as
the approximation: F=mng.

3. The "Sign" of the Potential Fnerzy

Once we define a certain point to be at "zero" potential energy, it is conceivable
that an object can move to a position where its potential energy is negative. This
is perfectly ckay; potential energies can be both positive and negative, but it
does raise some algecbraic problems.

For instance, which is the greater potential energy:
i U= ~1Jdoule? or U = -2 Joules?

The answer is that U = -1 Joule is greater. When you deal with nzsgative numbers,
a number which is Yless negative" has a greater value. If a body maoves from a
location where its potential energy is -1 Joule, its potential energy increases.
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The "Sien" of the Total Mechanical Fneregy

Recall from the previous study nctes that potential energies can be negative
quantities. This results from the arbitrary definition of a reference point where
the potential energy is zero. UNow if potential energy can be negative, and if
total mechanical energy is defined as the sum of potential and kinetic energies,
then the total mechanical energy can in certain cases be negative also.

Let's see how this can happen. For a particle under the influence of an "inverse
square" gravitaticnal force field, we may write the total mechanical energy as:

2
E, = B, +U = 3w - CmM/R

where we have chosen the zero of potential energy to be at R =~ . If a satellite
of mass 1000 kg has a speed of 2000 m/s at a distance of 107 meters from the center
of the earth, we see that the total mechanical energy is negative.

6.7 x 10 L wt n2/sec ) (6.0 x 10°% ke)(10° ke)
7
10' m

B, = (1000 kg) (2000 m/s)‘e -

T

9 10

i

E, = (2 x 107 Joules) = (4 x 10'° Joule) = 3.8 x 10™* Joules

S0 if you calculate a negative value for total mechanical energy, it's not
necessarily wrong; a negative value of total mechanical energy is "conserved"
in the same manner as a positive value. In general, don't be thrown by the
fact that the total mechanical energy is sometimes negative.

- The "Sien"of the Binding Eneregv

When studying binding energy and escape velocity, note that a particle in an
"inverse square" gravitational force field is not bound if its total energy is
positive but is bound if its total energy is negative.

This results from our arbitrary choice of a reference point for potential energy,
and one of the reasons we choose R =eo as the reference point is that it provides
this convenient distinction between bound and unbound particles:

Ep < 02 bound, By 2 0= unbound, [for inverse square gravitation only! ]

If we had chosen a different reference point for potential energy, we would still
be able to distinguish between bound and unbound particles by examining the total
energy, but the criterion would be different.

The binding energy is defined as the minimum amount of energy we would have to
add to a bound particle to enable it to escape. The binding energy is therefore
alvays & positive number. Note the distinction:

1. total mechanical energy of a bound particle is negative

2. binding energy of a bound particle is positive

As you saw from the discussion in the text, the positive value of the
binding energy is given by:

binding energy = -ET

particle.



WHAT GOES UP MUST COME DOWN

The following was garnered from the pages of the Lake Erie Amateur
wdio Association repeater newsletter.

According to a footnote, identity of the original author is "lost in
antiquity".

The ham is sitting at his desk, answering a letter from his insurance
company:

I am writing in response to your request for additional information for
Block No. 3 of the accident reporting form. I put ’poor planning’ as the
cause of my accident. You said in your letter that I should explain more
fully, and I trust that the following details will be sufficient.

I am an amateur radio operator and. on the day of the accident, I was
working alone on the top section of my new 80-foot tower. When I had
completed my work, I discovered that I had, over the course of several trips
up the tower, brought up about 300 pounds of tools and spare hardware.

Rather than carry the now unneeded tools and materials down by hand, I
decided to lower the items in a small barrel by using a pulley, which
fortunately was attached to the gin pole at the top of the tower.

Securing the rope at ground level, I went to the top of the tower and
loaded the tools and material into the barrel. Then I went back to the
ground and untied the rope, holding it tightly to ensure a slow descent of
the 300 pounds of tools.

(You will note in Block No. 1 of the accident reporting form that I
weigh just 155 pounds. )

Due to my surprise at being jerked off the ground so suddenly, I lost
my presence of mind and forgot to let go of the rope. Needless to say, I
rroceeded at a rather rapid rate of speed up the side of the tower.

In the vicinity of the 40-foot level, I met the barrel coming down.
This expleins my fractured skull and broken collarbone.

Slowed only slightly, I continued my rapid ascent, not stopping until
the fingers of my right hand were two knuckles deep into the pulley.

Luckily, by that time I had regained my presence of mind and was able
to hold onto the rope, in spite of my pain. At approximately the same time,
however, the barrel of tools hit the ground and the bottom fell out of the
barrel.

Devoid of the weight of the tools, the barrel now weighed only about 20
pounds. I refer you again to my weight in Block No. 1. As you might
imagine, I began a rather rapid descent down the side of the tower.

In the vicinity of the 40-foot level, I met the barrel coming up. This
accounts for the two fractured ankles and the lacerations on my legs and
lower body.

However, the encounter with the barrel slowed me enough to lessen my
injuries: when I fell onto the pile of tools I was fortunate to have only
three vertebrae cracked.

I am sorry to report, however, that as I lay there on the tools in pain,
unable to stand and watching the empty barrel 80 feet above me, I again lost
~ 7 presence of mind; I let go of the rope.

And you think you’'ve got troubles!



Chapter 8 BB GUN EXPERIMENT

MASS DATA

nass one BB (m) g kg

mass clay (i) g kg

mass (mHI) g kg a

VELOCITY DATA AND CALCULATIONS

~ velocity of bullet (v)
velocity of bullet and clay (V) : ' r——-]

length of pendulum (y) m

distance (x) m

distance (a) m a=/y =-x

distance y —a =h m

velocity (V) m/sec

velocity (v) m/sec

1/2 (:m-n)\i'2 = (mHi)gh

<
"

2gh

() V -

<
"

mw = (wH)V

ENERGY DATA
7.

EK (before) = 1/2 mv j Loss EK j

E, (after) =1/2 (i v j % Loss %

ADDITIONAL CAT.CULATIONS

mv = (mH)V : V = mv/ (mM)

2 : '
B (after) = 1/2 (mi)V" = 1/2 (w+) (nw)z2 -1 @)’ =/ m | 2)

(m+) 2 (i) (M) 2™
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Honors Physics

200+8 +33

I below lists a number of physical quantitie

IT lists a number of SI units,

Chapter 8 Test

—
—

71

space provicded before each guantity in

I, write tne letter corresponding to the
appropriate 5I unit from Column II.
unit from Column II may be used once, mere than once,

at all.

1
@/‘.-"

m-‘i“le

ddidy

Physical Quantity

1. acceleration

2. coefficient of friction

3. energy
4. force
5. heat

6. power
7. speed
8. work

(R)
(B)
(c)
(D)
(E)
(F)
(G)
(H)
(1)

A particular

11

SI Unit
m/s
/s’
m? /s?
kg m/s
kg'm/s?
kg m? /s
kg-m?/s?
kg-m?/s?

no unit

Censider the following data for the restoring force
F exerted by a spring extended through a displace-

ment

¥,

For what range of forces does the spring obey
Hocoke's Law? '

0,10
0.15
0.20
D.25
0.30
0.35

T

60
90
120
150
190
245

()

O.—'? »"ri;/

P

e
g S0

®

Name kSeq(

300 Y+ 16 +I7 8

o 4 '

A squirrel gathers 600 nuts together on the ground
before storing them in a tree. What is the minimum
amount of work done by the squirrel in storing the
nuts if the mass of each nut is 0.010 kg and the

store house is 6.0 m abové the ground? =%
[g =10 N/kg} ‘:3{&:‘.! X o -J'
iy S TR

A= G@Or - =
F A = \ -
7, = C.oLky by Al G
e
SR = L.om Qﬁ}x;_mq,féﬁ.wéﬁ
= S _“:;:ﬂ}ﬁij
/’ W‘I ._?L‘;;QJ ~Sow(sl .
H_-f_'___,__ = ?______ﬁ—' g;% w )
oo i
P-3 Assume that a space capsule having a mass of 900 kg

is projected vertically upward from the earth's
surface. The 'mass of the earth is 5.98 x 107" kg,
the radius of the earth is 6.38 x 10° m, and the
gravitational constant is 6.67 x 10-'! N-m‘/kg’.
Neglecting air resistance, determine the initial
speed that the capsule will need in order to "just
escape".

.2 e m = P00/
f
‘),1;4,_ ® 'E_G__.'t( M: 5‘.‘?9“"‘0:&({?
=
S = 6-3Fx 00 S H
=4 f
é ]C_E- LJL& y &- p éls""}(rahf J\,’HL
Eer = Wy : o
Lata® s GAR
Ve G H

v L

|78

: o o ay “
= 2X 6.67X0° MM ﬂww’;—

ﬁg(# L.838 XD ¢ X



Howense TH¥sics Cu-% .

A sprir_ suspended at rest

1 ) £ -5 A 5.0 kg sandbag is suspended by a light cor 3
T, 48 shown in diagram 1. T _—— shown in the diagram. A 30 g bullet, travel! g
; e with a horizontal velocity of 300 m/s, penctrales
Pisgram 11 shows & 140 kg -’ the sandbag and leaves with a horizontal velocity
mass hanging at rest from . of 100 m/s. The collisicn is inelastic.
the same spring and causing ik
an extension of 20 cm. o )
To extend the spring from ”
position I to position III, 20 cm
as shown in the diagram, . e ) P
requires 2.25 J of work.
_ ‘ 10 eml 5= 1.0 kg _ S
The spring constant is 50 cmsmasmmee=—- - Xe CEr Ao O
N/m and g = 10 N/kg.
Sa0 & (=)
Diagram not drawn to scale - -1
: X h i
=3 If the mass is released from the position shown . .. S i Pt ey
P
@ in diagram III, what will be the exten&ion of . CD “J \ OF 4 -
the spring when the mass reaches its maximum 7 Sicp
spead? _ before after
g‘ (b) Calculate the maximum speed of the mass. , 7/ V4. ] . '
p W e T What is the speed of the sandbag imdxately after
the interaction with the bullet? B Gl
S L o )
o Kok =1 e < = 50 —_ sy
- 1 77, - M EL e o o B
.= 7 e . : . &
" Weamom. Pyt 7 :- T + My L
= % s 3 o "‘/
Jlt g\ 3 7 Spet B ke (04
o 0 > ) S
e s
o = =
f ? 2 o > e | -\
SOMRT M s ;J .
2 Féy o= /
L T -
-]
: / 1
/ . \ 5.
v 7 ,/ ‘} J,_}(P-é Calculate the energy stored in an ideal spring
L. s having a spring constant of 400 N/m when it is
@ compressed Q.30 m. B R :
e T et I = “foan find
f VPR A G -
. 20 K3 :: !
fos N 9 *
= - bt ‘1-0/*
" I F
s Rk o U



L.

Hoﬂoaﬂ. Fpﬂ'fs.q_cs

. the accompanying 5.
diagram, point X
indicates the
position of the bob
of a long pendulum
of mass 2.0 kg which
has been pulled
aside. (g = 10 N/kg)

The gravitational

' i

potential energy of v 4.0 m
the bob with respect ——

to point ¥ is clos- Q
est to

() 8.0 J @ 8oy (E) 2.2 x 102 g
(B) 40 7 (D) 2.0 x 10% g

A box of rivets falls from the top of a skyscraper
under construction. As the box passes the 80th
floor, it has a kinetic energy of Ei. By the time
it passes the 20th floor its speed has doubled.

By then its kinetic en=rgy is

(a) %I € B e
(B) X Ey (D)

4 By

2 B

A girl exerts a 200 N force to lift a barbell to a
vertical height of 2.0 m in 5.0 s. If she had done
this in 10 s, the energy required would have been

.(A} five times as great # the same

(B) four times as great (E) half as great

(C) ¢twice as great

A 20 kg mass is lifted to a height of 8.0 m above
the earth and then moved sideways at a constant
speed of 10 m/s. What is the kinetic energy of
the mass if g = 10 N/kg?

: 2
{A) 1.0 % 10 J {D} 1.6 = 103 g

2
(B) 8.0 x 102 J (B) 2.6 x 10° g

1.0 x 10° J

Cu -8

-3 -

A golf ball is hit from X toward the gret.. at the
top of a hill as shown below. -

path of golf ball
N

e T

ST A e e b

The potential energy of the golf ball is greatest
when it

(A) leaves the golf club

@ reaches the highest point in its flight
(C) Efirst hits the green

(D) bounces off the green

(E) comes to rest on the other side of the green

If friction is neglebtted, when an object falls from
a position 300 m high, its total energy

@ remains constant during the fall
(B) increases during the fall
(C) decreases during the fall
(D) is zero at the start of the £all

(E) is a maximum at the end of the fall

A paseball of mass m is moving with a speed v at a
height h above the ground where the acceleration due
to gravity is g.

Which of the following quantities are needad to >
determine the total mechanical energy of the baseball?

(A) h and m only (D) g, mand v enly

(B) g, hand m only - g,

hy m and v

(C) m and » only



8.n.

8.c.

H{nﬂumﬁ. tuysrcs it !
The following diagrams show different tests vou can 9. a.
do with carts on ramps.
a b g
e ! £
h i
E 4.8.
You want to test this idea: the higher a cart starts,
the greater its speed at the bottom of the ramp.
Which three tests would you use?
(A) aei @ ceg (E) bdahn
9.¢.
B} e % i (D) adg 3
You want to test this idea: a cart with small wheels
travels farther after leaving the ramp than a cart
with large wheels. Which four tests would you use?
@ abhi ¢l abBgi (E) bde £ 10
) Befd (D) beceldi

You want to test this idea: the heavier a cart and
its load is, the greater its speed at the bottom of

the ramp. Which three tests would you use?
(p) aeh &) e &4 (B} abde i
&® def (D) ghi

o e

A ball is thrown into the air and moves as shuwn in
the diagram below. Five positions of the ball are
shown.
T i
D
B
B
A
Start Finish

Where does the ball have its maximum potential energy?

® c
(p) D

(A), A () E

(B) B

Where does the ball have the maximum kinetic energy?
- -
(B) B

£y €

(D) D

{E) E

Where is the gravitational potential energy of the
ball equal to its kinetic energy?

® c

&) b

{(a) A (E) E

S N <)

A baseball is thrown upward with a speed of 20 m/s.
(Assume g = 10 m/s*.)

The ball will rise to a maximum height of

(A) @@
(8) (D)

80 m

20 m (E) 1.0 m

I0m 10 m

A 6.0 kg mass is released from rest at
80 m. If air resistance is negligible
g = 10 N/kg, the kinetic energy of the
it has fallen 60 m is

a height of
and
mass when

(A) 4.8 x l0® J

e - - = =7

(e) 1.2 2 a0° .3
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P.8.5.C. Physics Quiz # Name

Chapter 17 Kinetic Theory Date

1. Eeven particles of 5.0 grams mass bounce elastieceily tack and forth
along the X-axis of 2 three meter tuve., Rach particle has & eonst

n

speed of 30 meters/second.

e 3.0 mat.era ---—-----qm;
A} What is tre average force exerted on the area at the 1cft en
of the tube? (1 pt.)

BE) What is the total translational kinetic energy of the seven
particles in the tube? (1 pt.)

) Wrat 1s the value of the PV product for these particles? {(l1p

D} In the kinetic meclecular theory as developed in eclass, the 7P
product of a gas is equal to 2/3 of the total transiational
kinetic energy. Why 18 that not also true in this situation
(see answers for B and C sbove}. (1 pt.)

Exrlain why it requires more hest to change the temperature of
ideal gas 1 degree at constant pressuré than it does at constan
volume (1 pt ]

LA T
"

Explain why more heat is required tc change the femperafure of
dlatomic gas 1 degree than does a monatomic ges. (1 pt.

Explain why the temperature of modt gases drop when the gas
escapes from a high presur2 container. (1 pt.)

What 1s the ratio of the speed of a hydrogen molecule to the =sp
of a helium molecule &t the same temperature? Atomle Masz Numb
gre H =1 and He = U, (2 pts.)

Discuss one deviation of the behavior of a real gas from the

ideal gas behavior developed in the kinetic moleculer theory. (1 pt.}

d

A

Y

an

a

”~
eed

2ns




PSSC PHYSICS Quiz # ) Neane
CONSERVATION OF RNERGY Date
. A 2 Xxilogrem ball is released from the top of a frictionless plane as shown

o

& METERS

2.

dizgram below. What is the speed of the ball when it hits the floort (3 pts

y Gl

gth

e __FUORISWEL _§ _ S N

A “ail with » mass of 1.0 kilogram has & speed of 10 mcters secopd along &

constant of 40O Newton/meter. How far is the spring compressed? (3 pts.)

10 METERS/SECOND

- frictionless horizontal ficor. The ball runs intc a spr a spring

-

n -
e e S A IR

P —




PSSC PEYSICS QUIE ¢§ Name

| COMSERVATION OF ENERGY ~ Date L&

A@‘ 3. A spring (k = loomdq/neﬁr)heomrud?cmum;t:sanhm
maes :

on top of the spring (see disgram below of ball, if it
obtaine & height of ocne (1) meter edove h = ovmmm.uu.mm to the air -

by relessing the spring. (3 pts.)

s

50 em

e o

7. :
b, Amﬁﬂmmm;“orz_mﬂmdispﬂledmwmmorﬁoo
gs zhowm.

g

17 the length of the pendulum ie 160 centimeters, what is the speed of the ball
as it pesses directly below the pivet point? (1 pt.)

B.P.: Make up the next question for this quiz following the pattexrn in ths sbove
' problems. The pattera is contained in the underlined words.



1/

E.P. Answer multiple choice questi~ns on this lhm - must get all ecorrect for

~ extra point,

This is a matching quis, Hach item on the left is to be matched with one on the right.

Atom () p
Battemy () /*

Dme () /3
Molar Solution ( ) 3
Dene ()

Ion ()

watt () &
Palyton ( ) A
" Bariwm () 17
Compl mment ( )
Gmf)if
Light Bays ()
lans () 4
Liter ()
Tangent ( ) £
Sealer () 7
oHM () /%

Refrzation ( ) /9
Ba(Ne)2 () /0

Apricot ()

(1) To Act

@@ The First Man

&) Listerine

P What Banks Do with Money
A#7 Ethopian

M7 Flesse Repeat

m’ Device for Cleaning Fish
—# Used in Driving

[/ 8 A Dead Parvet

W Food for a Monkey

(11) A Lie One Likes to Hear
M Pitcher and Catcher |
W To Take Sustenance

(14) Small Salary Incresse
(15) Bed for a Monkey

{(16) The Front Side of One's Head
(/ﬁl/ Duty of an Undertaker
(8] Mexican's House

(49) %o Divide Again

(20) One Who Conducts



Physics Exp. No. Law of Cons, of Energy Name

F 8 B

:355___-“’£ = om

/\‘ / cm

//'
////’ 24 cm
// | 748 707
//// S = 100 cm
(2) s=%gt° 76 om
/ 100 = 3 980 t2

/ t_—.@

/ L= sSec

,4 S = cm

A
ﬂ:/ E
@ s-ve
v=_8= cm = cm €XP.
t sec sec

]
kY
m
H
H
o
H

O

accepted



