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Part I. [10 points] A 5.0 kg ball is attached to the end of
amassless rod 1.5 m long, which moves in uniform

circular motion. Gravity points down, as shown in the A
picture. The rod will break if the tension in it exceeds yL
120 N. X
1. [4 points] What is the maximum magnitude of the
ball’s velocity such that the rod does not break? v

@4.6m/s T ZFZT-—Y’H- ma-z i

B. 6.0 m/s "“ﬂ') B

c.71ms VM 2L CF— ) D

D. 21 m/s 98

E. 36 m/s = 6 ( 13.0= >
2. [3 points] Instead of rotating the rod at the speed 9

calculated in problem 1, it spins just a bit faster.
Where is the rod most likely to break?

A. Near point A U\/hw Ts ,dfﬂﬁd. —:9+df bd"am)éml}'c
B. Near point B S WD’ )

@ Near point C "‘/Ame' T m

D. Near point D

E. Almost anywhere along the path

3. [3 points] During uniform circular motion, the rod is broken just as the ball passes point B. Wh:ch
statement best describes the path of the ball?

E{ - .S
@ The ball travels in a straight line down. —— Y}0 :FWG“ a W

. The ball travels in a straight line up. ‘g-}rd Zt /)ﬂ ¢
The ball travels down and curves towards point C

. The ball travels down and curves away from point C

None of the above

mg 0w
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Part II. [xx points] A 5 kg block

starts out at 2 m/s across a I
frictionless surface (A4), slides down

a frictionless inclined plane, and
then across a flat surface (B-C) with
a coefficient of kinetic friction . It

comes to rest af point C. When the I I
block reaches point B it is moving B C
with a speed of 8 m/s. The distance

between points B and C 1s 4 m.

4. [xx points] What is the change in height between points A and B?
A. 0.61 m Enfﬁ(ﬁ wnsory: €)= L mV*
(B)31m e .1. )
C. 33 m 5 = 4
i 64—~ 3. 0bm
D. 15m £-=Ef } KE v, -~ |
E. 30m v &J V;’L'* \/c.l-r Qﬂfq 2 l" 2-9.2

5. [xx points] Select is correct free body diagram for the block when it is located on the flat surface between

points B and C. Vﬂl
)
0 on (B) oy k@

<, mﬁlf’\

A) N B) N ©)
Ffric

Ffric F

motion

6. [xx points] As previously stated, the block is moving with a speed of 8 m/s at point B, and comes to a
complete stop at point C. What is the coefficient of kinetic frlctlon L?

=, N
A. 0.051 V 2y 2allx F =M,/ /cc,cmg, .

B. 0.16

C. 046 \/4 2y Qﬂnﬁrﬂ X a s “/“;cg)
®os2 v,c 'OQG,“[‘, ’@
E. 4.1 Mpe = - > 2-9.9- |

7. [xx points] Which ranking of the total mech cal energy of the block, E, at points A, B, and

correct? . p
A. Ex > Eg > Ee . As [07) a3 o fric éa,/ NS Vdhv o ‘FW_)
Bk 1670, . 4> Ep

Ea =Ep > Ec . 4 ‘}\1
. EA=Ep=E¢
E. Eg>Ei>EE . AS J"t ynoves sz (3 —-DO) [ODCG.S @nen’g)/ 5 Inic
Ep=Ep” e

Physics 121C, Fall 2002 Exam 2, page 3



Name 60/ lf{ Jors Student ID Score

last Sfirst

Part III. [13 points] Consider a star just like our sun, with the same mass and radius (values for solar and
planetary masses and radii can be found on the second page of this exam)

8. [5 points] If an object of mass 7.5 kg is released 10 m above the surface of the star, how long will it take
[13 ” f?
to hit the “ground” of the star (i.e. fall the 10m)? J. 6 ;MI = é L

A. 0.00027s x=dat> ——m r* -
: 2 I;V -

C. 0.099 2, qx o X o
@0.27ss A saeT (c 67xP" )(HT’CW )\/’ :”‘ollls !
E l4s -

Our sun may eventually become a white dwarf, and collapse to a much smaller radius — this can happen
when a main sequence star uses up all of its fuel. Assume that the star in Problem 8 burns off half its mass
(so it is %2 the mass of the sun now) and collapses to a much smaller radius.

9. [5 points] The acceleration due to gravity, g, is measured to be 1.0 x 10> m/s® at the surface of the white

dwarf. What is the radius of white dwarf?
war a: era 1us30 white dwar ) ,ﬁm r’;‘_ s/’1 -
A 30x10°m oig = G RF P g, 30
8.2x104m __,1)(g_)(,‘7‘lxa0 )
12x10°m (c-67x0 0
D. 22x10'm X = 6. 6XI12
.2, [ x0" 33)(10”
E. 6.6x10'm =2IT=
r=8.a%"

10. [3 points] Which statement best describes the differences between dropping the same object as in
problem & on the original star and the white dwarf?

A. The object will take just as long to fall the 10 m on the sun as the white dwarf.
@ The object will take longer to fall the 10 m on the sun than the white dwarf.
. The object will take longer to fall the 10 m on the white dwarf than the sun.

8' > orlg?ﬂdjcfzf
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A block of mass M = 11 kg hangs on a spring. When a second block
with an 1dentical mass of 11 kg 1s tied with a string to the first, the
spring stretches an additional 4, = 1.8 m. The two blocks are
initially at rest.

11. [ yy pts ] What 1s the value of the spring constant £?

N

A, 38 N/m

60 N/m AMg

C. 120 N/m N

D. 32 N/m =

E. 27 N/m i<ho M ¥ (118 (9.8ry/s>
k= 35 " Clgm

Now the string connecting the two blocks is burned and the second ~

block falls off. The block that remains attached to the spring starts

to move.

12. [ yy pts ] How far above y = 0 is the bottom of the block attached to the spring when it attains its

maximum speed?

QPin fogh

b, Som s Just fbe orig!
E. 09m HS S‘f{‘ej}'ow }{)Oslf, m,

B]oa’c M wl” {/@V& axX veloe

U)'MD ;OQS):/L}}SY)- Ths
'ﬂd{ )005#}5)/3‘:9 l@m d[O'D\/Q/

13. [ yy pts ] What is the maximum speed attained by the block attached to ﬂy}% esB;,ing?

A. 3.8 m/s
B. 2.1 m/s AE:—'O - d”
C. 6.5m/s h 2P
4.2 m/s - = L
. 3.6m/s [L' a..ak ©
— = 1.
E_? o mVv
'Q-__, _,'_(_ l/] g— - M .
= V= T N /] Itgu

:)
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IT. [30 pts] Mindbender Roller Coaster. - A car of mass m travels along a roller coaster track. Assume there
1s no friction or air resistance, unless otherwise stated in the question. The spring used for launching the
car has a spring constant of k. [For each question in this section highlight answers by drawing a box
around the algebraic equation and the numerical answer, if the question requires a calculation.)

Ty /]
Launch
Spring
/ h
B h
y=0 J’A W : § |
A B C D

14. [8 pts] By what distance x, should the spring be compressed before launch so that the car reaches Point B
with a velocity of v4? Express the distance x in terms of the quantities given or depicted in the figure.

(Jse. AS=D (congerv ivo"fmr'ces)

/
E-=PE W Spﬁhg=£k;r°" 50[\/0 Sor X )
Eb_g, - pEtkG & pmmf 1% {,;hﬂe"ﬂ{,:mv)@ +mg
;im\/ﬁl +m5gh6 :) '

15. [ 10 pts] Given m = 900 kg, hz= 30 m, hc= 22 m and vz = 4 m/s, what are the potential and kinetic
energices for the car at Poin}ﬂ C? Show equations and numerical answers.

AE=Q EB Sk, Aot er) we feviow POE@ ]Obf’/n‘CJ/O/ m(ﬁd)‘ /
Eﬁ:’fimlfﬁl‘ ‘f'mg‘ L])B f‘IOﬂWffd/)/ WEC: m&Lg: ‘iOD&lf?&ae

_ 2 = {QHOQO U
ooyt

X - = Ep-PE - =
£ (&) (700 )(1)™ 4 (09(18) (309 L

= 271200

16. [8 pts] After reaching Point F and coming to a stop, what is the minimum value of the static friction, s,
required so that the car remains at rest and does not roll back down the inclined track? Show equation

and numerical answer. sin __ _ o~/ _ Sm@3
,/_ﬁ g Fry, + M =0 e Me™ cosd
m . o -0 = tan

i BN +mg e

. S0~
heep from s/wp)md/f_ down -Ahmgﬁ@ 4 M &0o:0
Jnvhne
17. [4 pts] Explain how the velocity, vp, of the car at Point D will vary if the height of the track at Point—f is
changed (raised or lowered)? |, . ) L
’37 js conservdtive = the. he:ﬁ}ff & )01”1’”5 C won't aties

Gravr

' # e fé‘/d/ enen;
he car m@%i/@”’ @ moh. s /ar*g&r +ha) zf}”
e oo 6F 7%0 cayr” —9#,5;7 ?/)e car can ’éj@?f over,
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IV. [20 Total Pts] The system shown at right is composed of two
blocks, A and B, of mass, m; and athird block, C, of mass, 2m.
Ignore air resistance.

1. Thesystem islowered with acceleration g/2 downward,
equal to half the acceleration it would have in free fall.

e top ring

a. [8Pts] Draw free body diagramsfor boxes A and B in
the space provided below. Label theforces. Be sureto
indicate the object on which the force is exerted and the
object exerting the force.

Free-body diagram Free-body diagram

for block A. for block B. b. [ 4 PtS.] Let the wei ght of

object A be W,. Calculate
VB Npe the magnitudes of the forces
on box B in terms of W,

m g YBAV 117y

Since the acceleration is downward, the net force is downward. The magnitude of the net force on both
block A and B is the mass times the acceleration. That is mg/2, or Wo/2. To get this net force on block
A, N, =W, /2. By Newton's third law |N,s|=|Ns4| For the net force on block B to be Wo/2, Ny,
must be Wo. In summary: |Ngc|=|Wge|=Wo0, |Ngs|=W0/2

2. [4Pts] Thecableisnow cut, and the systemisin freefall. Rank the magnitudes of the
forces acting on block B from greatest to smallest. If any of the forces present in the previous
problem are now zero, explicitly say so.

If the system is in free fall, the net force on the block B is mg=W,. The weight of block B
accounts for this force alone, so the other forces are zero.
In summary: |Ng|=|Nga|=0, |Wge|=Wo

3. [4Pts] Thesystem isnow taken far enough out into space that gravitational effects are
negligible, and the top ring is attached to a spacecraft. The spacecraft then tows it with an
increasing speed. Rank the magnitudes of the forces acting on block B from greatest to
smallest. If any of the forces present in problem 1 are now zero, explicitly say so.

Block B now accelerates in the direction of the top ring. So there is a net force in that direction.
There is no weight force. So the force on block B from block C must exceed the force on block B
from Block A.

In summary: |Ngc|>|Ngal, [Wee|=0
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