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Energy

10.2 Kinetic Energy and Gravitational Potential Energy
10.3 A Closer Look at Gravitational Potential Energy

1. On the axes below, draw graphs of the kinetic energy of

a. A 1000 kg car that uniformly accelerates from 0 to 20 m/s in 20 s.
b. A 1000 kg car moving at 20 m/s that brakes to a halt with uniform deceleration in 20 s.
¢. A 1000 kg car that drives once around a 130-m-diameter circle at a speed of 20 m/s.

Calculate K at several times, plot the points, and draw a smooth curve between them.

a. KD b. KM [ KD
250,000 ; 250,000 250,000
200,000 200,000 200,000
150,000 i 150,000 150,000
100,000 100,000 100,000
50,000 50,000 50,000
0 1(s) 0 £(s) 0 £(s)
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

2. Below we see a 1 kg object that is initially 1 m above the ground and rises to a height of 2 m. Anjay,
Brittany, and Carlos each measure its position, but each of them uses a different coordinate system. Fill
in the table to show the initial and final gravitational potential energies and AU as measured by our
three aspiring scientists.

Anjay Brittany ~ Carlos

- -~ ----— Ends here FO

U, U AU
Lo Anjay qg. g 9.6 +’l§:§
Brittany Q . 8 3 +‘783
Lo Carlos . 8'3- 0 +ﬁfz J

2m - - Starts here

3. A roller coaster car rolls down a frictionless track, reaching speed vy at the bottom.
a. If you want the car to go twice as fast at the bottom, by what factor must you increase the height of the track?
— — \
W= Kg K§~5M(JVL)°‘:L{K 5o\ioumus+ INCrease Me
= 1 . 3 h@_\c&h‘.’t b\, OC;&C:‘.'D‘(' of 4.
Man =g Kg-SHKe when V- o
man-> g (4h)

b. Does your answer to pdrt a dependon whether the track is straight or not? Explain.

No,Fhe apovitational potertiol eneray depends
*ovw\\., oé%t\(\e\%\f\-‘k' wspcee
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4. Below are shown three frictionless tracks. A ball is released from rest at the position shown on the left.
To which point does the ball make it on the right before reversing direction and rolling back? Point B is
the same height as the starting position.

Makes it to E Makes it to B -

Exercises 5—7: Draw an energy bar chart to show the energy transformations for the situation described.

5. A car runs out of gas and coasts up a hill until finally K + U = Kk + U
stopping. +

i
/7 7
/,

6. A pendulum is held out at 45° and released from rest. A short K + U = K + U
time later it swings through the lowest point on its arc. +

7. A ball starts from rest on the top of one hill, rolls without K + U = K + U
friction through a valley, and just barely makes it to the top +

of an adjacent hill. | // /
7, /
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10.4 Restoring Forces and Hooke’s Law

Energy - cuapTER 10 10-3

8. A spring is attached to the floor and pulled straight up by a string. The string’s tension is measured. The
graph shows the tension in the string as a function of the spring’s length L.

TN)

Tension T’

10

= 0 10

a. Does this spring obey Hooke’s Law? Explain why or why not.

YCS,.'PY\Q P\O‘\' s lineos
AT = kbl

b. If it does, what is the spring constant?

:‘.}lsloNs N 0‘:1—-
K AL Ocm I oW

———

— L (cm)
20

9. Draw a figure analogous to Figure 10.16 in the textbook for a spring that is attached to a wall on the
right end. Use the figure to show that F and As always have opposite signs.

(Fee)s=O rANY wnstretched
50, L retcned
F)Cacm TS I;;(‘(;

&SP\sco (—-—:__—_—_;Mﬁ‘ C«QMP‘(\QSSQC&
-< 1 { DM >0

Se. O

(Fsp)g

AN
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10. A spring has an unstretched length of 10 cm. It exerts a restoring force F when stretched to a length of
11 cm.

a. For what length of the spring is its restoring force 3F?

Feo=-K DX So for F-53¢, Ax>DAX =3em

10em+3Ax = 13w

b. At what compressed length is the restoring force 2F?

F=>-2F Ar->-2AX=-2Cm

)DC‘N\"‘;C—M = gc_v\’\

11. The left end of a spring is attached to a wall. When Bob pulls on the right end with a 200 N force, he
stretches the spring by 20 cm. The same spring is then used for a tug-of-war between Bob and Carlos.
Each pulls on his end of the spring with a 200 N force.

a. How far does Bob’s end of the spring move? Explain.

10cm T‘(\ouﬁ‘(\-l*\nes ing St retcned
QOCM oY\ \no\\\ ,r\' OCV\-\'ex\m\b\JQC\
OC,W\ %’n%\s cose. Coxr\os Provides
sm Coree plevi ou*‘a\y
oxnc\ed e. Wall Q_XCCF'\’ Yot
e,mc\/e,

b. How far does Carlos’s end of the spring move? Explain.

~10cm Thetotol stretca bndex
o 0 N +exsion tnust

Sk be 2Qam
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10.5 Elastic Potential Energy

12. A heavy object is released from rest at position 1 above a spring. It falls i__
and contacts the spring at position 2. The spring achieves maxiumum
compression at position 3. Fill in the table below to indicate whether each
of the quantities are +, —, or 0 during the intervals 1—2, 2—3, and 1—-3.

. 1

152 23 1-=3
AK + - o)
AU, — - -
AU, O | + | +

13. Rank in order, from most to least, the amount of elastic potential energy (Uy); to (Uy)4 stored in each of
these springs.

Order: (s " >(U~s53 >(Us) N (us)‘
Explanation:
U\ -J-\<()>.55 ’vacxeo@ Hhe steetcdn
> SENy o\c\m&) ¥ 3 NEaseS
-Pv\i Sroredenevay oy o

Foctor of 4.

14. A spring gun shoots out a plastic ball at speed vy. The spring is then compressed twice the distance it
was on the first shot.

a. By what factor is the spring’s potential energy increased?

L)y ulx k(r)”]
it
bBy what factor is the ball’s launch speed increased? Explain.
i‘ (D)= ‘i’.i’ w (3N
o %

Bofne speedond NS are Squaned
nthe enevay expressions.
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Exercises 15-16: Draw an energy bar chart to show the energy transformations for the situation described.

15. A bobsled sliding across frictionless, K + U + U = K + U + U
horizontal ice runs into a giant spring. A +
short time later the spring reaches its
maximum compression.

16. A brick is held above a spring that is K o+ U + U = K + U + U
standing on the ground. The brick is +
released from rest, and a short time later i
the spring reaches its maximum //, B S //
compression. 74 4
0+ + /// £

10.6 Elastic Collisions

17. Ball 1 with an initial speed of 14 m/s has a perfectly elastic collision with ball 2 that is initially at rest.
Afterward, the speed of ball 2 is 21 m/s.

a. What will be the speed of ball 2 if the initial speed of ball 1 is doubled?

Nex),? «.%_‘:—:;'\LL\IM‘ Thexefore, doubling (Vix), will douldee Ve,

Vg,2 2(01%) = 3%

b What will be the speed of ball 2 if the mass of ball 1 is doubled”

_d

™,

Mg ALE ﬁn——ﬁ—_ (H%)Sowe&vﬁz
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10.7 Energy Diagrams

18. The figure shows a potential-energy curve. Suppose a Energy
particle with total energy E is at position A and moving
to the right. /

a. For each of the following regions of the x-axis, does
the particle speed up, slow down, maintain a steady
speed, or change direction?

awB _ Slows down b
BtoC _ SPeedS Lp

cop Slowsdown /T
peedsUp [ L =

DwE SO
A B C D E F
EtoF SIOWS down
b. Where is the particle’s turning point? F

c. For a particle that has total energy E,, what are the possible motions and where do they occur along
the x-axis?

The pox‘{—i cle cowld loe W.\ovlvxc&b?,\-we,en
=0 oond Hne. point indicode; e

doshed line NANABR. The

powticle could \oe. ocilloding alooud

Poind Cloeiween the Neove

doshed e,

d. What position or positions are points of stable equilibrium? For each, would a particle in
equilibrium at that point have total energy < E,, between E; and Ey, or 2 E{?

C,Oo{\c\ E ofe Po‘\V\"\'S of Stalole

equil ilorium. At C stne Yotolener Y
Colld oo < B, ovloetweenE ond £Y.
At E fretotoleremy mustlbe
betneen €, ond E;),‘

e. What position or positions are points of unstable equilibrium? For each, would a particle in
equilibrium at that point have total energy < E,, between E; and Ey, or 2 Ey?

Bovd D are lnstolole eguililonum
Powtis: The pourtide wolld inove
fonenexqy loehween E ond E; -
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19.

20.
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A particle with the potential energy shown in the graph Energy
is moving to the right at x = 0 m with total energy E.

a. At what value or values of x is the particle’s speed a
maximum?

p‘d‘ a\m ond cé‘(\(\ PE

b. At what value or values of x is the particle’s speed a @)
minimum? 01 2 3 4 5 6 7 8 910

At Sm.

c. At what value or values of x is the potential energy a maximum?

Ak Sm

d. Does this particle have a turning point in the range of x covered by the graph? If so, where?

The povticle doesnot \(\o\\le_ iN
‘\‘\Nﬂ\\\h% point onthis %(‘OLP

Below are a set of axes on which you are going to draw a potential-energy curve. By doing
experiments, you find the following information:

* A particle with energy E; oscillates between positions D and E.
* A particle with energy E, oscillates between positions C and F.
* A particle with energy E; oscillates between positions B and G.
* A particle with energy E,4 enters from the right, bounces at A, then never returns.

Draw a potential-energy curve that is consistent with this information.

Energy

=
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