Physics 221, Fall 2009
Quiz 5, Form:

G= 6.7 x 10~1* N m?/kg?
Mgun = 2 X 1030 kg
Mparih = 6.4 x 10?4 kg
REarth = 6.4 X% 106 m
L —9x10°N m?/C?

4meg
Section 1. Multiple Choice

Questions 1-4: A comet orbits the Sun as shown
below.

1. At which point is the gravitational potential en-
ergy of the system (of comet and Sun) a mini-

mum?
(a) A
(by B
g o
(d D
(e)  Nonme of the above because it is con-

stant.

2. At the point in the orbit where the gravitational
potential energy of the system is a minimum,
the kinetic energy of the system is

(a) a minimum.
@ a maximum.
c the same as at all other points (because
it is constant).
(d)  zero.
(e)  negative.
3. The total energy of the system (of comet and
Sun) is
(a)  positive. / i L Yeand
(b)) negative.
(c)  zero.

Name:

/6\/
/

Date:

Questions 4-6: A person uses a rope to pull a 100-
kg boat. She pulls with a constant force < 4,-2,0 >
N through a displacement of < 3.=3,0 > m. The
boat speeds up from 0.5 m/s to 1.0 m/s.

4. What is the change in the energy of the

boat? s Ay

() 3753 BE = "i o,
(b) 55517 e m (g ;
(c) 19517

(d) 18017 = 3739
(e) 57J

5. What is the work done by the person?

)

—n ~
(a) 37.51] = . Ar
(b) 55517 W=F . F
() 1951 = E(AX*/SJ* 2
09 )0

6. The only other force that does work is the wa-
ter. What is the work done by the water on the

boat? : v
(a) 3751 (A), + W A1 ¢
(b) 55.5J o k- (,\,}
@ 1953 W o /
(d) 18.0 J - _j',,»; .T -
(e) Z€ero - /7 ‘S'A : 7_

7. 1f the total work done on a particle is negative,
then the particle

(a)
0

will have a constant speed.
will speed up.

will slow down.
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9.

Suppose that a potential energy function for a
particular interaction of two particles is given

12. Four objects are launched from a planet with

energies A, B, C, and D.

by U = —A/z?. What is the x-component, of A+
the force on a particle? B-
(@ F=72 F - ”dﬁ( Cr b= =
—A o { D- ‘\ T _
) Fo=% X o > T
(c) F; = =2A —d / ~ % /
1 ~ 4 (A% /g £ Mom
(d) Fo=73% q S £ Us G222
I2 A ¢ )( :‘J ,f/ T
@ s
— —_’2 X ;’Y
A /
~ ~ 2/—- Which objects are «ynbound” and will escape
X 3 the planet (i.e. have “open” orbits)?

You stretch a spring of stiffness 40 N/m from
s =0.05mtos=0.10m. How much work did

you do on the spring?

(a)  zero - FJ,(
(b) 0217 \/d S *

(c) 00517 o

(d) 0257 = J Rx dx

M o.|

0.15 J
i L}X /c,c.(

( .
= ?{‘ﬁ{( (),[)L—OL\J

10. As the distance between two massive bodies

11.

increases, the gravitational potential energy of
the system

increases.

(b)  decreases.

(c)

remains constant.

«J,’/é\

ncrense J
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A roller coaster is almost at rest at the top of an
80-m tall hill (i.e. 80 m above the ground). The
bottom of the hill is 10 m above the ground. If
friction is negligible, what will be the speed of
the rolier coaster at the bottom of the hili?

(a) l4m/s & s Fo-A
(b) 19m/s - j
() 40m/s
(d) 26 m/s
37 m/s
My 1P

(a) A
A, B, and C

(c) A,B, C,and D
(d D

(e)  None of the above

i = 0.5 T

13. Which of the graphs below shows the potential
energy of a system of two electrons?

a
1
-

g 3 4
(@) 1 e R e
@ > L
() 3 o 4°
@ L= e e
(e)  None of the above i
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14. Which of the graphs below shows the poten- 18. What initial speed is required to toss a water
tial energy of a system composed of an interact- balloon vertically a height of 10 m above your
ing positively charged particle and a negatively hand? O Ve~ Dy ¢ !
. ? ’ J’ J
charged particle? (a) 10 m/s |
| (b) 7 m/S ﬁ = <0
i | |
K (d) 3m/s Kagp = 34
| ‘ . w
T 2 3 4 (e) 17 m/s URVIEN g s /‘//-g7
.@ 1 ~ . 19. A roller coaster begins at rest on the top of
(b) 2 M 2 S a hill. The total energy of the roller coaster
- Y — and Earth is E, and its initial potential energy
() 3 f [ f e 1< relative to the bottom of the hill is U. Treat
(d) 4 ' the roller coaster as a frictionless roller coaster.
()  None of the above After the roller coaster drops 1/2 of its initial
helght its kinetic energy is L
= {
15. The total energy of an Earth-rocket system is (a) 1/2U; =4y \(:.L(j '
y ¢ LN &
—9500 J. The minimum energy needed to make ) 1/4U;
the rocket escape Earth’s orbit is ‘ E = ¥
1 (c)  3/4U -
@ 9500 J C O
b) less than 9500 J : R S kb B
) A
(b) ess than escell (e) 1/v/3U; Y / ‘)
(c)  greater than 9500 J ~ AE* ) oO-C Greey)
W™ o 20. For the roller coaster in the previous question,
16. What is the escape speed for a rocket laur{ch when it has dropped half of its initial hel%lt its
? — -
from the surface of Earth? e speed will be | C+ SO
(a) 7900 m/s \/ A ; (a) 1/4 of its speed at the bottom of the
(b) 6.3x107 m/s V6 5 o — V= L \“}"%
. 5600 m/s (67 V2T )(M (b)  1/2 of its speed at the bottom of the
B /7” hlll
1.1 x 10* m/s
\/5 of its speed at the bottom of the
(e) 465 m/s = [l x/6 " p
S
17. A black hole is an object that has such a large (d)  3/4 of its speed at the bottom of the
mass and small radius that the escape speed is hill.
greater than the speed of light. Suppose that (e)  equal to its speed at the bottom of the
a black hole has a mass of 5 times the mass of hill.

our Sun (Mpyiack hote = 1 % 103!) kg). At what
distance R from the black hole is the escape
speed equal to the speed of light? (This dis-
tance is called the event horizon for the black

21. You pull your little sister across a flat snowy
field on a sled. Your sister plus the sled have
a mass of 22 kg. The rope is at an angle of 33
degrees to the ground. As you pull with a force

hole. ) r—/"T o of 33 N, the sled travels a distance of 53 m. .
(a) 3 km V = ’255’ - C (a) 1.14x10% J Lot 73 !
((bi ?;m \/ K (b) 9580 J el doe"Y
Cc m »
() 1750J wor S
L o o~ Y
(d) ~10km 2 CHM _ ¢ (@) > 14703 Y
(e) ) 15km ~ ’;7 () 9507 — 2
O (I  26M W= Feé
. 2X70 J J — ) <
2 (70 2L = ¢ =[F f[fér/‘“e
— b a <— F = I \ \
S X " = | € 50 > B o
’c Q. A {u k: \ é;f ):’O'\\ J



Section 2. Problem Solving

22. A proton and an antiproton traveling toward each other with a speed of 0.9¢ collide and annihilate
each other, producing two photons. What is the kinetic energy of each photon after the annihilation?

The mass of a proton is the same as the mass of an antiproton, 1.67 % 10~27 kg. Neglect the change

) in electric potential energy of the system because it is negligible compared to the change in rest energy
\ of the system.
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23. A roller coaster has a speed of 2.0 m/s at the top of a 60.0-m tall hill (relative to the bottom of the
track) as shown below. If friction is negligible, what is the speed of the roller coaster at the top of the
loo t has a radius of 20.0 m?

O .
j — (0 _ny—ém = fd//&“(dkf"""+ E

/Uﬂ{ r}zJW so AE=O
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24. A hydrogen nucleus (1 proton) and a helium nucleus (2 protons) that start out very far apart travel
straight toward each other and collide, each with an initial kinetic energy of 0.15 MeV. What is the
closet distance between them when they momentarily come to a stop during the collision? (Note: the
radius of a proton is approximately 1 x 10~ 1% m. Do the nuclei get closer than this distance? If they
do, then they would have enough energy to perhaps break apart the helium nucleus or break apart the
protons, which are made of bound quarks.)

Sslown = H + He Ao
Clesed f(/;,/fw\ (o C\): AF = O
Sa . = /ZﬁL

/ B /, theqe refrf
U/(D{LC( + (a h Meé({ # (‘F LA / 0%9\;73

o 0 7 y 57 g? -
_ ‘(7\)//4,,?/'/?/ L (H-+ <‘€ = ks //rf ) % g
/ "} ' ( i " :

7“;-("5“ ¥ ’ g

K = (0I5 xiebe)(16 x/o"j[)
H ' v
o
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Section 3. LAB

25. An electron has mass 9x 10731 kg. If the electron’s speed is 0.975c, what is its total energy, in joules?

"'fot(é = r‘—“"ft ' (

\j ( o '%"L

~3(Y/ 1 2\ ¢
Q »,.n I{ S X9 }
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26. For the electron in the previous question, what is its rest

]C . T e
—resf —vC& ~1Y
=
~3/ s\
2 (G ) (2res®)” = [TLX00 Y
g / i |

27. For the electron in the previous question, what is its kinetic energy?

e —— )
—/4 > 1 T = 2.8Y xro J

X - F~Ers © 3.eS xte J = X0

28. Why can a particle with mass NEVER reach the speed of light? (Even if you exert a force on the

particle and accelerate it for a very long time.) ;
i T — N Fi 2/ pend "L = el C =2,
E - KW'\C 4L v =C ) e : Q
] Y ATy 0. A8 ¥t A s dd " peroe
T"/ LA~ /C/ lf\r\w&. f A at KA / (”"t(( s ;’

I\/\ulk {mré’ ’»4\ evccd] s fe -;*"f’.“ 'L/‘ / 7’

29. A 0.5 kg cart travels down a track. It starts from rest at a height of 0.5 m above the table You select
a point on the track that is 0.2 m above the table to measure the speed of the cart and find it to be
2.3 m/s. Define the system to be the cart.

(a) What is the work done by the grav1tatlonal force b by Earth on the cart?

‘é& WJ = F;M/b": FAK - M‘;/Mﬁl
T '—"—'@S'X é’)'/(OL—-cf {/‘/

(b) What is the change in the kinetic energy of the cart?
t I A S

AK yemene )2';«4-\/‘} - 2/&;\.&/[ I
- L (as)(@) /

(c) How much energy is ”lost” due to friction?
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