Physics 123 - Analytical Physics
FINAL EXAM
Monday, December 20, 2010
Professor R.A. Bartynski

Ansoers
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Your name sticker with exam code. SIGN HERE:

The exam will last from 4:60 p.m to 7:00 p.m. Use a #2 pencil to
make entries on the answer sheet. Enter the following ID information
now, before the exam starts..

In the section labeled NAME (Last, First, M.1.) enter your last name,
then fill in the empty circle for a blank, then enter your first name,
another blank, and finally your middle initial.

Under STUDENT # enter your 9-digit RUID Number.

Enter 123 under COURSE, and your section number (see label above)
under SEC.

Under CODE enter the exam code given above.

During the exam, you may use pencils, a calculator, and two 8.5 x 11
inch sheets with formulas and notes.

There are 30 multiple-choice questions on the exam. For each question,
mark only one answer on the answer sheet. There is no deduction of
points for an incorrect answer, so even if you cannot work out the
answer to a question, you should make an educated guess. At the
end of the exam, hand in the answer sheet and the cover
page. Retain this question paper for future reference and study.
When you are asked to open the exam, make sure that your copy
contains all 30 questions. Raise your hand if this is not the case, and

10.

a proctor will help you. Also raise your hand during the exam if you
have a question.

Please SIGN the cover sheet under your name sticker and have your
student ID ready to show to the proctor during the exam.

If needed, the acceleration due to gravity on earth may be take as g =
9.81 n/s”.
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A student throws a set of keys vertically upward to her sorority sister
in a window 4.0 m above. The keys are caught 1.5 s later by the sister’s
outstretched hand. Withh what initial velocity were the keys thrown?

a) 894 m/s

\
b) 4.47 m/s Y= vt — < 4t"
c) Cannot be determined g W T
d) 3.33 m/s 4.0 1.5

1 A
10.0 m/s = M = 10,0
t

A force of 11.0 N holds a spring with a 22.0 N/m spring constant in
compression. The potential energy stored in the spring is:

N
a) 1101 F=hka whnF=1.ON, kR=22.02

4.

m
7~

5.

~»a) 20m/s

A pendulum is made by letting a 2.0 kg object swing at the end of
a string of length 1.5 m. The maximum angle that the strings makes
with the vertical as the pendulum swings is 30°. What is the speed of
the object as it goes through the lowest point on its trajectory?

tot E = Cons+am‘\”

b) 1.0 m/s mald + O = o + L "m’U'

c) 3.5m/s 3 ,Q'( )

d) 3.8m/s = A= lz H H \— &0os

e} 54 m/s = 3 L 5,0 ?
v= 2.0 B "

Which one of the following statements is correct for an object released
from rest at a height of 2.3 m?

-+ b) 2751 = o= E. - 05D M —p a) the average velocity durlng the first second is 4.9 m/s
¢} 55017 R bh) during each second the object falls 9.8 m Uz constar =
d) 2201J i ¢ - a=4-:c) the acceleration changes by 9.8 m/s every second
e) 5.001J Us[’ﬁ T2 ‘Q X" = 2059 Con “ d) the object falls g?gurmo the first second of time
e} the acceleratlon of the object is pro ortlonal to its weight
The horizontal surface on which the 2.0 kg block in the figure slides is WW
frictionless. The speed of the block before it touches the spring is 6.0 6. Identical guns fire 1dentlcal bullets horlzontally at the same speed from
m/s. How fast is the block moving at the instant the spring has been the same height above level planes, one on the earth and one on the
compressed 15 cm? The spring constant of the spring is 2.0 kN/m. moon. Which of the following three statements is/are true?
‘ y o . The horizontal distance traveled by the bullet is greater for the
» a) 3.7m/s — —
b) 4.4 m/s k E—
c) 49 m/s 20kg e 1. The flight time is less for the bullet on the earth.
d) 54m/s 2 : N S ) '
) ldm/s oL A T e [II. The velocity of the bullets at impact are the same.
_ .
ot £ = a,wuﬁlanf:‘lzm'\li —
. oz 2.0k a) Il only H o
; res L
Wheﬂ Sfr nj 3 CUY'\\F es 562\ r\)’—(po"% =% b) I andII only EA e e
bj X =15 o, ey ¢) Tand IIT only : L o — H
d) II and III only H-tat® o t= %_
\ 2 \ r-A -2
—Lcm'\)‘-q-:—m'l)'-\-—'k“ e} I, I, II1
o3 block moon 7 Ce
p R 3 2 2 ES
o 2.0,0) — L.oXI0 % 0.15) Aimparr = \Wo + (4T]

2.0




7. A particle moves at constant speed in a circular path. The instanta-
neous velocity and instantaneous acceleration vectors are:

a) both tangent to the circular path =
b)  both perpendicular to the circular path ¢l
-y ¢) perpendicular to each other
d) opposite to each other - . .
e) mnone of the above @ fJDvYéEl 6 ‘5 CJJ'LCJSL .

8. A 3.0-kg and a 2.0-kg cart approach each other on a horizontal air
track in such a way that their center of mass has a speed of 4.0 m/s.
They collide and stick together. After the collision their total kinetic

energy is: — -2
a) 16J ~ - P :Q(‘\'fmz\ﬂ-cm
by 201 P;, = V. v
c) 2413 L @q -an)
’-’d; ” ‘ft tell £ the given dat s M 2 ———C_m:)
e) can’t tell from the given data 50

=40 7T

9. You and a friend are sitting opposite each other at a large circular
table in a restaurant. Your friend is in need of a packet of sugar. On
the center of the table is a circular rotating tray (a Lazy Susan) that
is 2.0 m in diameter and its surface has a coefficient of static friction
tts = 0.25. You place a packet of sugar on the edge of the rotating tray
and then, starting from rest, give it a constant acceleration, «, such
that the sugar packet overconies the force of static friction and flies oft
the tray just when it reaches your friend. The angular acceleration,
a,{in rad/s?) that you have given the tray is:

R A M““‘fé?“mu

c) 25
d) 020 V:_ mw R
e) 1.3 m//bﬂ

, _-,a;_g

But ¢J= oéf Nﬁ’idt
=t =

10.

11.

12.

A dumbbell consists of two 15-kg masses on a rod of negligible mass
and length 0.50 m. The moment of inertia for rotation of the dumbbell
around an axis perpendicular to the rod, passing through the center of
mass, is

bR
4 a) 1.9kgm? =2, I=2xmR X
2 -
7.5 kg m N - 2%/5,@,25)

1.75 kg m> 2
0.94 kg m? =19 kg m

3.75 kg m?

o

jol)
N e

]

2Rz 050 mm

@

A car of mass m; traveling at velocity v passes a car of mass ms parked
at the side of the road. The momentum of the system of two cars is
a) 0. O
-~ b) mu. P = Py P MU+ 2’
c)  (my — mov. - MV
d) mv l
mi+msa
e) (my+ ma)v.
R B A
Vectors A and B with their magnitudes are
shown. What is the magnitude of a vector C,
if &= A B 40
—~P» a) 46
b) 10 60° B

c) 30

4 78 -
) 90 50

r 408ing0"; )

e

it

@’jﬁ“;zd, } _
/“R Fgo(_/gir_h,oj‘]
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13. A bicycle wheel, a hollow sphere, and a solid sphere each has the same 16. A boy launches a rock straight up with an elastic slingshot by pulling it
mass and radius. They are all rolling straight on a flat horizontal a certain distance x from the unstretched position. The rock reaches a
surface without slipping such that the total kinetic energies are all maxinnun height - above the point of launch, where 2 is much greater
equal. Which has the greatest magnitude of angular velocity and which than . If the boy then launches the same rock by stretching the
has the least? IthM-l— < T hollew < Ib . 2 slingshot. by 22, the maximumn heiglj.— will be nearest

4 a) 'The wheel has the greatest; the solid sphere has the least. a) h ™ 3 h = 2 R %2
b) :Fhe wheel has the greatest; tl'le hollow sphere has t:he least. b) V2h o> 27X
¢) T hey‘ al} h\ave the bafme mla‘gmt?d.e of angular v?loclty. ¢} 2h g b — 4 ( _|i k %2 )
—p~d) The solid sphere has the greatest; the wheel has the least. —»d) 4h
e} The solid sphere has the greatest; the hollow spherc has the e} (need mass of rock, spring constant of slingshot)
least. KE. = —émv"‘.;- «_;:IQ)L: —2-'(%];_ + I)w"
wz= 2 K‘E-/ (mﬁ + L 3 ) 17. If the coeflicient of friction between the Dblocks and table shown in

14. A 20-g bullet is fired into a 2.0-kg block of wood placed on a horizontal the figure is 0.3, and the system is moving with constant velocity, the
surface. The bullet stops in the block. The impact moves the block tension T} is
(+ bullet) a distance of 5.0 m before it comes to rest. If the coeflicient
of kinetic friction between the block and surface is 0.25, calculate the e i g
speed of the block (+ bullet) system immediately after impact. ¢

a) 1need to know the other
a) 20 m/s ) P = (m+ M ) MAasses ma = T
b} 3.5 m/s 2 by 2N : }15 \3 !
¢) 25m/s £ — = £.d j“—:/u}\(m"'mg/ ¢) 4N 0.3x 2x4.8| =T,
—»d) 50m/s 2m+ ™) d = 50 —wpd) 6N

e} 2.2m/s 2 4.4 2 20,25 % 1,0’1—7(7.3_ m e 8N i Tix 6N |

AN L2 erhe T 2T —— 8, om

m+ M 2.02 ¢

15. The speed of a 4.0-kg object is given by v = (2t) m/s?, where ¢ is in s.

At what rate is the resultant force on this object doing work at t = 1 18. The turntable of a record player has an angular velocity of 8.0 rad/s

s?
a) 48 W Power = F- U
b) 40 W S 4
¢) 32W | :@GV)"U—) a=-ge
d) 56 W :
—> ) 16W = 40x1x 2
=16 W

Z

at the moment when it is turned off. The turntable comes to rest 2.5 s
after. being turned off. Through how many radians does the turntable
rotate after being turned oft? Assume constant angular acceleration.

a) 12rad W= Wws + xt
b) 8.0 rad 0 = 8.0 A 2.5 =) o= — 3.2
—»c) 10 rad »
d) 16 rad s A gt? =-1@2)x (s
e} 6.8 rad G = ZO(t Z< ) < )
= |0 rad




19.  For a particle moving under the influence of a conservative force, which 22. A mass of 2.0 kg is moving south with a speed of 4.0 m/s while a mass
of the following is false? of 5.0 kg is moving east at 3.0 m/s. They collide at the origin and stick

a) The net work done by the force on the particle is zero if jt follows together. What is the magnitude of the momentum of the combined

o 4 o 9
a closed path. whW=0 . 4§ ﬂ F—M mass (in kg m/s)? - -
— D) The work done on the particle in moving from one point to p. = B 2kg O
another is always positive. %/u/wj:, com Ap a) 11 -1 _ ’ 22 4 ‘ ¢
¢} The magnitude of the change in kinetic energy of the particle is b P, = o> 5 v J 4 mfs
. . . ) 13 A A m
equal to the magnitude of the change in potential energy of the —>q) 17 -i1s. —8 3 <
particle. AE =0 o 0XB=-8U d) 19 O >
d) It is possible for the force to do e work on the particle during Ske
) p TI?O ! e) 20 {\7’\; IJ_;:;:‘ 3m/s
its motion. S q( L
e) The work done on the particle in moving from one point to = |1 5{%%
another can be positive or negative (or ze10)3
oa

7
23. A 2.0-kg mass is projected vertically upward from ground level with
an initial speed of 30 m/s. The mass rises to a maximum height of
35 m above ground level. How much work is done on the mass by air

20. The horizontal surface on which the objects slide is frictionless. If M
= 2.0 kg, the tension in string 1 is 12 N. Determine F.

a) 25N resistance between the point of projection and the point of maximum
b) 20N height? - 2,
»cg 12 N O) 021 kJ Lui“aw" nadtalamet H: ‘2"%,
. -p a) —0.21 k. o
d) 35N b} +0.21 kJ writh ‘ b= 38
e) 24N
¢) —0.42kJ W - \n)
d) +0.42 kJ ‘ \ =™
€)

12-T = ZMQ,} Ma=4 = F=5M=20nN
T=. Ma
21. The left 50 cm of a meter stick is made of a uniform plastic of density
p. The other 50 ¢m is made of a uniform plastic of density 2p. If the

origin of the meter stick is at the left end, how far is the center of mass
of the meter stick from the origin?

a) 33 cm

/UAWUM.
—0.69 kJ WW - v {4@_551
A43 9.\5: =021 %3

24. A baseball outfielder throws a baseball of mass 0.15 kg at a speed of
40 m/s and initial angle of 30° above horizontal. What is the kinetic
energy of the baseball at the highest point of the trajectory?

- a) 6.0 SemrTTTE

9240 J =33

b) > . :
b) 50 cm 2 Sew] k‘*’ﬂ 250'“ £ AF W&z o Z;ﬂ
—>»c) 58cm i - 3 202:,)] ] At W F
d) 42cm 25433 — e) 12017 A ™ q)~ ,L Lo 15 )Q-O epo3D° )
e) none of these. ey, 2 *
T el T T =90 s

(80-L)ftov = L §50
loox50 = |50L
L= 33 om 5




25. A 12-g bullet is tired into a 3.0-kg ballistic pendulum initially at rest
and becomes embedded in it. The pendulum subsequently rises a ver-

tical distance of 12 cin. What was the initial speed of the bullet?

0.38 km/s R . PE/\]/

0.44 km/s m

—» a)
b

29.

A uniform rod of length 2.0 m is mounted so as to rotate freely about a
horizontal axis that is perpendicular to the rod and that passes through
the rod at a point 0.5 m from one end. If this rod is released from rest
in the horizontal position, what is the initial magnitude of angular
acceleration of the rod? The moment of inert.ia. of a uniform rod of
mass M and length L about its center of mass is 5 Z\ILQ. Note, though,

)
¢) 0.50 kin/s o= (mF M) v 4 that the pivot point is not at the center of mass .
d) 0.54 km/s ™ - 4 (M)\{ @4/)9
e) 0.024 km/s Vo= (m) ) W(MTM) —» a) 8.4 rad/s? 7’m
L %_Gam—?m)k'lf ap > v — o b) 7.4 rad/s? - -
26. An escalator is 30 m long and slants at an angle of 30° relative to the ¢) 4.9 rad/s? L+ @ o ]
horizontal. If it moves at 1.0 m/s, at what rate does it do work in d) 6.4 rad/s® -t ltL
lifting a 50 kg man from the bottom to the top of the escalator? e) 3.1 rad/s® 0.5m
oW e reIs L=t —B=-0.25) 4N +o515 M3
b) 98W -~ de ‘“\jdk__,m /U'AW‘G— %FWMM'j"W 0,5 %’ 0(‘:;.-0,5” :&I.}
Q) 204 W =55 = =g I Tem + Md%= 1m0+ ME 558 M, d=7 = —asBM/y
d) 490 W %\ 3 ° In the figure shown, theoetticient of kinetic friction between the block 3
> e) 245W = 50:481x10 of mass M and the incline is 0.40. What is the magnitude of the

> 245
A block of mass M is hanging from the middle of a horizontal bar of
length L as shown in the figure. One end of the bar is held on the edge
of a desk and the other end is held up by a rope vertically. What is
the magnitude of the torque exerted by the rope about the edge of the
desk? Assume that the mass of the bar is negligible.

27.

acceleration of the suspended block (of mass 2M) as it falls? Disregard
the mass of the pulley and any friction in the pulley.

a) MgL L - a) 3.4 m/s?
b) 2MgL e b) 4.7 m/s?
~>» ¢) Mgl/2 c) 4.2 m/s?
d) MgL/4 d) 3.9 m/s?
e) The answer depends on e) 5.4 m/s?
the length of the rope.
9 ol It ij -T = 2 Ma = T: ZM(g—-Q)

28. A torque of 42 Nin gives a large wheel an angular acceleration of

= Ma

T pmgee 0= e

0.78 rad/s®*. What is the moment of inertia in units of (kg m?) of the _ _ cpo8 + snd)= Mgq
wheel? T o ZM% a) Mg<ﬂ )
T= :
32 b) 12 c) 5.3 d) 54 e} 0.98 b +sin8) = 3
2) ) ) 11 ) 47 = T- 079 203—- f}ClV‘ N )

T=54 kgm®

o= ¢ T_ 1= Q/AC#OB * S\H'Bﬂ
3 4 ", o1 0;64
= . 6




