Physics 101 Hour Exam 2 November 3, 2014

Last Name: First Name 1D

Discussion Section: Discussion TA Name:

Instructions—Turn off your cell phone and put it away. _
Calculators cannot be shared. Please keep yours on your own desk.

This is a closed book exam. You have 90 minutes to complete it.
. This is a multiple choice exam. Use the bubble sheet to record your answers.

1. Use a #2 pencil; do not use a mechanical pencil or a pen. Fill in completely (until there is no
white space visible) the circle for each intended input — both on the identification side of your
answer sheet and on the side on which you mark your answers. If you decide to change an
answer, erase vigorously; the scanner sometimes registers incompletely erased marks as intended
answers; this can adversely affect your grade. Light marks or marks extending outside the circle
may be read improperly by the scanner.

2. Print your last name in the YOUR LAST NAME boxes on your answer sheet and print the
first letter of your first name in the FIRST NAME INI box. Mark (as described above) the
corresponding circle below each of these letters.

3. Print your NetID in the NETWORK ID boxes, and then mark the corresponding circle below
each of the letters or numerals. Note that there are different circles for the letter “I” and the
numeral “1” and for the letter “O” and the numeral “0”. Do not mark the hyphen circle at the
bottom of any of these columns.

4. You may find the version of this Exam Booklet at the top of page 2. Mark the version circle
in the TEST FORM box in the bottom right on the front side of your answer sheet. DO THIS
NOW!

5. Stop now and double-check that you have bubbled-in all the information requested in 2
through 4 above and that your marks meet the criteria in 1 above. Check that you do not have
more than one circle marked in any of the columns.

6. Print your UIN# in the STUDENT NUMBER designated spaces and mark the corresponding
circles. You need not write in or mark the circles in the SECTION box.

7. Write in your course on the COURSE LINE and on the SECTION /ine, print your
DISCUSSION SECTION. (You need not fill in the INSTRUCTOR line.)

8. Sign (DO NOT PRINT) your name on the STUDENT SIGNATURE /ire.

Before starting work, check to make sure that your test booklet is complete. After these
instructions, you should have **9** numbered pages plus 2 Formula Sheets.

On the test booklet:
Write your NAME, your Discussion TA’s NAME, your DISCUSSION SECTION and your
NETWORK-ID. Also, write your EXAM ROOM and SEAT NUMBER.

When you are finished, you must hand in BOTH the exam booklet AND the answer sheet.
Your exam will not be graded unless both are present.

Academic Integrity—Giving assistance to or receiving assistance from another student or
using unauthorized materials during a University Examination can be grounds for
disciplinary action, up to and including expulsion.
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Physics 1014 Hour Exam 2 November 3, 2014

This Exam Booklet is Version A. Mark the A circle in the TEST FORM box in the bottom
right on the front side of your answer sheet. DO THIS NOW!

Exam Format & Instructions:

This exam is a combination of
* Three-Answer Multiple Choice (3 points each)
* Five-Answer Multiple Choice (6 points each)

There are 23 problems for a maximum possible raw score of 105points.

Instructions for Three-Answer Multiple Choice Problems:

Indicate on the answer sheet the correct answer to the question (a, b or ¢).

Each question is worth 3 points. If you mark the wrong answer, or mark more than one
answer, you receive 0 points.

Instructions for Five-Answer Multiple Choice Problems:

Indicate on the answer sheet the correct answer to each question (g, b, ¢, d or e).

Credit is awarded in the following way:

- If you mark one answer and it is correct, you will receive 6 points;

- If you mark two answers, and one of them is correct, you will receive 3 points;

- If you mark three answers and one of them is correct, you will receive 2 points.
- If you mark no answer or more than three answers, you will receive 0 points.
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(23 problems)
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P101 Exams Fall 2014 PHYS 101 Exam 2 (A)

1) You push a block of mass 6 kg along a horizontal track over a distance 20 m . What is W', the total work

done by the gravity?
a. W =-1200 J
(Y)W =0 J

c. W=1200 J

‘4 L
1 2 3 4

x{m)

2) A force is exerted on an object along the x-axis as shown above. What is W, the work done by the force
on the object during the displacement from 0 to 4 m ?

w] = avea under curve

| 5w (-3) =
@wW=3J s Led et 72009 = 3T
b W=0J
c W=17J

The next two questions pertain to the situation described below.



A block of mass 50 kg is about to roll down a roller coaster track as shown above. Its initial height is 35 m
and the diameter of the circular loop is 15 m . Assume that friction and air resistance are negligible.

3) What is vy, , the speed of the block at the top of the loop?

Lomum= mq (35 wm ~ 15 w)
vtop =198m/s Z~ j

b.vtop:14m/s \/:\jljx(LOW' = (9.4 M/S
C. Utp =31.3m/s

4) What is h,;, , the minimum initial height such that the block remains on the track at the top of the loop?

| N=0
. hmin =94 m /ary J}'Or o‘{ \oof)/ /L—\Elvv\\

a
b) hpin = 18.8 m
C. hmm:30m A - WAa <= VV\,\Z—.’L l
d. hpn =225 m 3 (*}
e. hpimn =15 m
———
= \/—-\JJR
Jomv® = g (W =15 w)
2 J
] N R
\f\—;‘k'gvv\*"v— = (5'/"\'*‘%3: —,ISW\+,/Z
23 13
=15 m + 7.5 m




The next three questions pertain to the situation described below.

A 80 kg box slides a total of 1 km down a slope making an angle of 12° with respect to the horizontal. The
box slides with a constant velocity.

5) What is the frictional force acting on the box? ‘F

%
a. 354 N

b. 376 N = va nB®
163 N T=my N
17 N :foij%fw‘[rmx:\w\?,
e. 0 N
= [¢2 N
6) The total work done on the box over the 1 km slide by all forces is:
= AKE =
a. Positive W= s KE o
Zero
c. Negative

7) Calculate the work done by the frictional force on the box over the full 1 km slide.

a. Wf=0J

b. W;=3540 J IWERE
COW;=1.63x10° J =~ (63 N = | Km
d Wr=17x10" J

e. Wy=3.76x10° J

-

—1.6% =0 T




8) A train car of mass 1500 kg moves to the right with a speed of 7 m/s and collides with and couples to an
identical stationary train car. What is the final velocity of the two train cars?

- \/
(@ 3.5 m/s My = e
b. 1.75 m/s \V=2lv = 3.5 "%
c. 7 m/s %
After
collision
Va @
~130°
VB
Yy Before
collision

X

Two billiard balls, A and B, are moving on a frictionless table as shown above. Their masses are m4 = 0.8
kgand mp = 0.5 kg . Before collision, ball A is moving in the direction 30° off the x-axis with speed v4 =
6 m/s, while ball B is moving along the +y-axis with speed vp = 2 m/s . After collision, ball A moves
along the +y-axis, while ball B moves along the +x-axis. Ignore air resistance.

9) What is P, ., , the magnitude of the total momentum after collision?

(Fa‘H{V - (F‘g{f’o\rt /-—“\_\
a. Pojter =4.16 kg-m/s

Pjter =537 kg-m/s = | V\j s
c. Pofter =2.75 kg-m/s / ‘
d. Pijter =34 kg-m/s ' PA = My Vp

e. Pofter =7.56kg-m/s - 0.0 (’(j . L Mf(

The next two questions pertain to the situation described below.
Use law of wrines:

9
Pifrer 7 pa? Vﬁ [~ Pe & .
(4.60% 41 = 2= 4.8 = \x (- 08) = 2481

946 °

Y

Vefber = 5.37 kj s



,-Fld

Two pendulum bobs made of soft clay hang from a ceiling as shown above. The mass of bob A is
my4 = 1 kg and that of bob B is mp = 2 kg . Initially, the height of bob A is h and bob B is at rest. They

stick together after collision.

10) If bob A is released from a height A = 0.45 m , what is the maximum height attained by the two bobs
stuck together after the collision?

J;L—m,*\/;—_m,%j\« =V, =Q’Li\a before GIMirion

a. 0.15m
b. 0.22m _ Ma S
c. 0.74 m \/V\P\\IA = CW\A *W\B\\/ = \/ = - VA efArer wilino
d’ 0.25 Bt g

. 025m \/z

0.05m \;(mfwmﬁ)\/l (W\AJFW\)jo\—? d = 3

11) How does K 4 , the kinetic energy of bob A just before the collision, compare to K 4.5, the kinetic

energy of the combined bobs just after collision? . ’ .
= Va
a. Ky =Ky (W\ ¥ YY\'E) 23
@KA>KA+B 1V\¢ a./‘hc C,b“‘k v\/\A'L
= 22— ] 24k
W)™ d
(mp+r WMe 7j
- l < 0.4 8w
(\~2 bl




12) Two kids are sitting 1 m from the center of a merry-go-round of radius 2 m . They are initially rotating
with a constant angular velocity of wy . One of the kids scoots out to the outer rim of the merry-go-
round. How does the final angular velocity of the merry-go-round, wy , compare to its initial angular

velocity?
jc We I’F Wg

‘wf<w0 3 T decveas
b. ws > wy iweveore
C. Wy = 1wy

The next three questions pertain to the situation described below.

A sphere of radius 0.5 m and mass 1 kg rolls without slipping down a plane inclined at 30° to the horizontal.

13) Compare the velocity of the sphere at the bottom of the inclined plane to a solid cylinder of the same
mass and radius. (Lsphere = 2M. R[5, Lyjinger = M R?/2).

= . v T L \ B S ha\ KE
vsphere > Ucylinder S\C\’\”Q - svwelle T =% |ert votaho

b. Usphere = Ucylinder = vweov <t Frane \QH o "\4" W E
C. Usphere < Ueylinder

14) Compare the velocity of the rolling sphere to its velocity if it instead slid down the inclined plane

without friction.

A d.v\j = Vo ro’\"c\%ov\a n e \*v’\‘a%ov\a\ ME
U 1 < Uslid
b. 'U:ll:'UZlidZ = a[\ %VQW\Q%O"\CL| KE

C. Upoll > Vslide 7}
7(.

15) What is the acceleration of the rolling sphere?

a.5.4m/s2
b. 5.7 m/s?
@35m/s
73m/s
e.34m/s Mjgh\(‘}»%: M a

a

ST.eTA = feTA

R 2 R

) Ma




The next four questions pertain to the situation described below.

A uniform disk of unknown mass M and radius R = 10 cm is free to rotate around a fixed horizontal axle
supported in frictionless bearing. A light string is wrapped around the rim of the disk and then tied to a
mass m = 60 g . The string does not slip as it unwinds on the disk. When released the mass moves down
with acceleration 3.27 m/s? . Take g = 9.8 m/s* . The moment of inertia of a uniform disk is 1 / 2MR?

16) Determine the angular acceleration of the disk

a _ 3.27 e
: R . - e
a. 0 rad/s , R T o
b. 98.1 rad/s? | ‘
32.7 rad/s*
d. 0.327 rad/s?
e. 109 rad/s?
17) Determine the tension in the string T T - wA j = — Y™Ma
a. 1.96 N . R
b. 5.88 N » | = ‘W\(f& a)
c. .18 N / ‘ . "
d 0N N = 0.06 Ky ~ (9.8 -3.27) 7/,
(€)0.392 N B ,

- 0.292 N




18) Determine the mass of the disk

=T =T % R
a. 0.12 kg \ " &
b. 0.48 kg TR =2 MR 7 -
(c) 024 kg 2T
(Z ? i
3 036 kg Telmg=> M=— = **0%72 N = 0.2 Wy
e. 0.784 kg 2 2 2.27 w5

19) If the mass is released from rest, determine kinetic energy of the mass and the wheel combined after it
drops a distance d = 10 cm .

(2)0.0588 J AE = "™ h
b, 0.1176 J

c. 0.01176 J = 0.06 :kj * 9.4 WZ:’L = 0.1 m
d. 01764 J
e. 0.0294 J = 0,058 T



The next three questions pertain to the situation described below.

A rope is attached to and wrapped around a disk of radius 2 m and mass 6 kg . The rope is pulled with a
force of 6 N such that the force is applied tangentially to the disk. (Igsx = M R? /2)

T
20) What is the torque on the wheel due to the rope?
c TR = (N x2m =12 Nm
a. 3 Nm T TR |
() 12 Nm
c. 6 Nm
21) What is the resulting angular acceleration of the disk?f |7 N /Z N T d
» e - ar—
Tl 2 L o= 2 T T o
a. 0.25 rad/s? 1 3 MR 2 6 Vj )
l rad/s?
c. 0.5 rad/s®

22) What is the work done in rotating the disk through one complete revolution?

a. 24 J W= TO = (2 Nm = 2w red = 759 T
b. 38J

©75J



23) A disk of mass 5 kg and radius 1 m is rotating with an angular velocity of wy = 11 rad/s . A lump of

clay of mass 3 kg is dropped onto the disk at a radius of 0.5 m , sticking to the disk. What is the final
angular velocity of the disk? (Iy;er = MR?/2)

a. 37 rad/s T, owy, = I{ )

b. 42 rad/s f

c. 11 rad/s ; 2 _ | " RN\~

d. 14 rad/s o MR™ w, = (Z MR™ 4+ m <"i> ) “p
8.5 rad/s | | |

vod
_‘Q - (/\)0 - (g racﬂé - Q»L{Q’g‘
- L |

tJ

~
M




Physics 101 Formulas

Kinematics
Vave = AX/At Az = AV/At
v =y + at X = X + Vgt + rat? V2 = vp? + 2aAX

g = 9.8 m/s® = 32.2 ft/s® (near Earth’s surface)

Dynamics

2 F =ma Fg=Gmm,/ R? Fy = mg (near Earth’s surface)
fomax = MeFn Gravitational constant, G = 6.7 x 107" Nm?/kg’
fk=l—lkFN ac=v2/R=m2R

Work & Energy

W; = FDcos(6) K="Hmv=p%2m Wyer=AK=Ki—K; E=K+U
W, =AE = E;— E; = (K¢ + Up) — (Ki + U)

‘ Ugrav = mgy

Impulse & Momentum

Impuise | = F,eAt = Ap  FaeAt = Ap = mvy—my; Fave = Ap/At

ZFextAt = APtota\l = Ptotal,ﬁnal_ Ptotal,initial (momentum Conserved if 2Fext = 0)
Xem = (M4Xq + MeXa) (M4 + My)

Rotational Kinematics
= m + at 0 = 0g + wot + Vpot? % = ®g> + 20A0
Axt = RAO vy =Re ar=Ra (rolling without slipping: Ax = RA6 v=Ro a=Ra)

1 revolution = 21T radians

Rotational Statics & Dynamics

t=Frsin6
=1 =0 and ZF=0 (static equilibrium)
21t =la

I=3mr? (for a collection of point particles) ‘
1="/,MR?(solid disk or cylinder) 1=>2/sMR?(solid ball) I="2/;MR? (hollow sphere)
I = MR? (hoop or hollow cylinder) 1= "/12 ML2 (uniform rod about center)

W =10 (work done by a torque)

L=Iw TtexAt = AL (angular momentum conserved if Ztey = 0)

Krot = 1/21(’32= L%/21 Kiotal = Kirans T Kot = 1/2mV2 + 1/2103 2

Simple Harmonic Motion

Hooke’s Law: Fg = -kx

Uspring = 1/Zk)(2

x(t) = Acos(wt) or x(t) = Asin{ot)

v(t) = ~Aw sin(ot) or v(t) = Awcos(mt)

a(t) = -Ao’cos(at)  or a(t) = -Aw’sin(wt)

w?=k/m T=2n/0=2n Jm/k f=1/T

Xmax = A Vmax = OA  Qmax = oA o=2nf

For a simple pendulum o’=g/L,T= 2n ,/L/g

Fall 2014




Fluids

P=F/A, P(d)=P(0)+pgd change in pressure with depth d
Buoyant force Fg= pgVys = weight of displaced fluid

Flow rate Q = v;A; = VoA,  continuity equation (area of circle A = mr2)
Py + Yopvs?+ pgys = Py + Yapvo® + pgy,  Bernoulli equation

Pwater = 1000 kg/m® 1m® = 1000 liters

p=M/V 1atmos.=1.01x105Pa 1Pa=1N/m2

Temperature and Heat

Temperature: Celsius (T¢) to Fahrenheit (T¢) conversion: Tc = (5/9)(T¢— 32)
Celsius (T¢) to Kelvin (Ty) conversion: Tx=T¢+ 273

AL = abloAT AV =BV, AT  thermal expansion

Q = cMAT specific heat capacity

Q = LM latent heat of fusion (solid to liquid) Q = LM latent heat of vaporization

Q = kAATt/L conduction

Q= ecT*At radiation (o = 5.67x1078)/(sm?K?))

Poet = ecA(T*— To?) (surface area of a sphere A = 4mr2)

Ideal Gas & Kinetic Theory
Na= 6.022 x 102 molecules/mole  Mass of carbon-12 = 12.000 u

PV=nRT=NkgT R=8.31J/(molK) kg =R/Na=1.38x10"J/K
KE.we = ke T = "omvims® U = *,NkgT (internal energy of a monatomic ideal gas)
Vims2 = 3ksT/m = 3RT/M (M = molar mass = kg/mole)

Thermodynamics
AU=Q+W (L'st law)

U= (/,)nRT (internal energy of a monatomic ideal gas for fixed n)

Cv = (}I»)R = 12.5 J/(molK) (specific heat at constant volume for a monatomic ideal gas)
Qu+ Q¢ + W =0 (heat engine or refrigerator)

e=-W/Qu=1+Qc/Qy emax=1- Tc/Ty (Carnot engine)

-Qc/Qy = Te/Ty  at maximum efficiency (2'nd law)

W = -PAV (work done by expanding gas)

Harmonic Waves

v=Al/T=Af

v2 = F/(m/L) for wave on a string

v=c=3x10° m/s for electromagnetic waves (light, microwaves, etc.)
I = P/(4nr?) (sound intensity)

Sound Waves
Loudness: B = 10 logso (I/lo) (in dB), where I = 107"* W/m?

Vv -V
_ 0 bservel
f;)bserver - f;'ource HEE o (Dopp’er eﬁeCt)

wave vS(JlU'L'B
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