Tibor Nagy - PHY 231 Spring 2018 1
Practice Final Exam

Nagy,

Tibor

Keep this exam CLOSED until advised by the instructor.

120 minute long closed book exam.

Fill out the bubble sheet: last name, first initial, student number (PID). Leave the section, code, form and
signature areas empty.

Four two-sided handwritten 8.5 by 11 help sheets are allowed.

When done, hand in your test and your bubble sheet.

Thank you and good luck!

Posssibly useful constants:
o g =9.81 m/s?
e G =6.67 x 10" Nm?2/kg?
= 1000 kg/m?® = 1 kg/1 = 1 g/cm3

* pwater

e 1 atm = 101.3 kPa = 760 mmHg
o N, =6.02x10%% 1/mol

e R =8.31J/(molK)

o ky =1.38x102 J/K

e C

water = 41868 kJ/(kg°C) = 1 kcal/(kg°C)
e 1cal =4.1868J
o 0 =5.67x10"8 W/(m?K*?)

e b=290x10° mK

Posssibly useful Moments of Inertia:
e Solid homogeneous cylinder: I, = (1/2)MR?
e Solid homogeneous sphere: I, = (2/5)MR?

Thin spherical shell: I, = (2/3)MR?

Straight thin rod with axis through center: I, = (1/12)ML?

Straight thin rod with axis through end: I = (1/3)ML?
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Please, sit in seat:

Thank you!

Are you sitting in the seat assigned?

1.AQ Yes, I am.
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m A tennis ball is tossed straight up into the air. It flies up, it reaches the peak position, and then it falls back

down. What can we tell about the ball’s velocity and acceleration, when the ball is at the peak of its trajectory? (Only
one answer is correct.)

2.A() The velocity points up, and the acceleration is zero.
B(Q) The velocity points down, and the acceleration points up.
C(Q) The velocity points up, and the acceleration points down.

Dl | The velociti ioints downI and thi i..i!i!il'ii Ii iiii

G Both the velocity and the acceleration point down.
HQO) Both the velocity and the acceleration point up.
IO The velocity is zero, and the acceleration points up.

>+
A 3 PGOJL
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A small, single engine airplane is about to take off. The airplane becomes airborne, when its speed reaches 177.0
km/h. The conditions at the airport are ideal, there is no wind. When the engine is running at its full power, the
acceleration of the airplane is 4.50 m/s2. What is the minimum required length of the runway?
(in m)
3. AO365x100 BQO 485x100 CO 645x 100 DO 8.58 x 10*
EQO 1.14x 10>  FQO 1.52x10> GO 2.02x 10> (HO 2.69 x 10°

26km/=41dm/g
77 km /W = 49.1Twm [g
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A car is exiting the highway on a circular exit ramp. (See figure.)

highway

-
exit

The driver slows the car down to the posted speed limit, enters the exit ramp and then maintains a constant
speed. When the car is at point X on the ramp, which vector best represents the direction of the car’s acceleration?

wor A locotion X centr-ipetal

BO B.

¢ occelevation OV\H: \C—P

EQE.
FO F.
GO.G.
IO I: the acceleration is zero.

After passing point X but before reaching point Y the driver starts to push the brake pedal and applies the
brakes for the rest of the exit ramp. Which vector best represents the direction of the car’s acceleration when the car

T Ak locokton Y cewtrtpetal
5A0 A

o accele.m&.ww ond o\ece_\e_vat.COVL

cOC. ——— e
b combined : O : Oietol
O G, N

HO H. O-

IO I: the acceleration is zero. Y
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In the figure below, assume that the pulleys are massless and frictionless.
e —

v =+ V| constont velocity
— =>0.=0

The masses of the blocks are M,=3.50 kg, M;=2.00 kg, M.=6.00 kg, and there is friction between the horizontal
plane and M., (u, #0). M. is observed to travel at a constant velocity.

> Ty is ... Ty.
6. AQ True B() False C(Q) Greater than D(Q) Less than EQ Equal to

> T, is ... My*g.
7. AQ True B() False C(Q) Greater than D(Q) Less than EQ Equal to

> M, is moving to the right.
8. AQ True B(Q) False C(Q) Greater than D(Q) Less than EQ Equal to

> The magnitude of the total force on M, is .... 0.
9. AQ True B() False C(Q) Greater than D(Q) Less than EQ Equal to

> Ty is ... Ty.
10. AQ True B() False C( Greater than D(Q Less than EQ Equal to

> M, accelerates upwards
11. AQ True B() False C(Q) Greater than D(Q) Less than EQ Equal to

=T=T, ble the puley & dvictiounless.

ST =Myq ble the occderotion iszero.
—+The systewm (8 moving Lo the vc;ah.{:
bje Mo>Me (M=354g | My=2.0Lq)

B Fre =0 o Me ble a=0

">Tw->—r\'a becoue —,:&'\"QL:TZ:TW
+ 0.=0 blce the systewt (s moving
with conatont velocity
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There are 148 steps between the ground floor and the sixth floor in a building. Each step is 16.4 cm tall. It
takes 4 minutes and 22 seconds for a person with a mass of 89.2 kg to walk all the way up. How much work did the
person do?

(in J)
12. AO 1.33x10* BQO 1.55x10*  CcO 1.82x10* [ DO 2.12 x 10*
EQO 248 x10* FQO 291x10* GO 3.40x10* HQO 3.98 x 10*

What was the average power performed by the person during the walk?
(in W)
13. AQO 370x 100  BQO 433x 100 €O 5.06 x 100 DO 5.92 x 10!
EO 6.93x 10" (FQO 811 x 10" GO 9.48x 108 HQO 1.11 x 102

W = m%\n. vv\% , = 89.2- .80
(k8016 = 2. \2 [OJ'

— ——

+ QGQ_
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5 pt| An airplane is flying with a speed of 205 km/h at a height of 2270 m above the ground. A parachutist whose
mass is 76.5 kg, jumps out of the airplane, opens the parachute and then lands on the ground with a speed of 3.15
m/s. How much energy was dissipated on the parachute by the air friction?

(in MJ)
14. AO 599 x107" BO 869x 107" € 1.26 DO 1.83
EQ 2.65 FQ 3.84 GO 5.57 HO 8.08

DA =205 m/ =56 St wis

m _ o W

lh=2270m

— om

L
Evevqy balouce :

PE, +KE, =PEp+ Kisp + ABy,
=0
PEL‘I'KEQ—KE_‘I = AE‘H&
AE_L\,\_: VVlCa‘/L+ é‘WlVEz—. é— [/VIU_FZ.:
=765-9.81- 2270 + 1165 - S6.q —
-3 765 215%=].83MT
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A 610 kg automobile slides across an icy street at a speed of 59.7 km/h and collides with a parked car which has
a mass of 855 kg. The two cars lock up and slide together. What is the speed of the two cars just after they collide?
(in km/h)
15. AQ 1.59x 100 B 1.99x 100 (€0 249 x 10} D 3.11 x 10*
EQ 3.88x 10" FQO 486x 10" GO 6.07 x 108  HQO 7.59 x 10!

U veat ! Up.
> | —>
M, WMy m,+m,
Consevvotion. of (loneou)mowmentianm
Olwoys applies to angy kond of
colistong

; = —29 . 597 = 2.9 %

Stoy W um/W , dow't cownvevt to

wm/s !
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10

The graph shows the x-displacement as a function of time for a particular object undergoing simple harmonic motion.

01 2 3 45 6 7 8 9 101112 13 14 15 16

T=k2s *

This function can be described by the following formula:

A=13w

x(t) = Asin(wt), where x and A are measured in meters, t is measured in seconds, w is measured in rad/s.

Using the graph determine the amplitude A of the oscillation.
(in m)
16. AO 7.00x 107* BQO 1.00 cO 1.30 DO 1.60
EQ 2.20 FO 3.10 GO 3.40 HO) 4.60

Determine the period T of the oscillation.
(in s)

17. A0 260 BO 380 (€0 420 DO500 EQ 540 FQO 6.60

GO 740  HQO 8.20
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A thin circular hoop with radius r and mass m is suspended vertically by two thin strings, A and B as shown
in the figure. The center of the mass of the hoop is at the same height as the point P where string B is attached.

2.
Hoop : Ty =mv
Povallel oxie Yheorevn:
I_p = IC_M +MmT= Z.WUFZ

Which of the equations below represents the initial angular acceleration « of the hoop when the string A is cut? (Hint:
Use the parallel axis theorem.)

18.A0) mygr
BO (29)/r
CO mg/r
DO mg/(2r)
EQ g/(2r)
FO g/r
GO mygr?

Rotetional Newton's gecond low
with regpect to plvot P

T =T K

Mo\ = 2mr” - o

B S

2v
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A body (not shown) has its center of mass (CM) at the origin. In each case below give the direction for the
torque 7 with respect to the CM on the body due to force F acting on the body at a location indicated by the vector
r. ~

—TOV‘Q(U.Q: ?: ‘F X F
R(,%‘/\.‘\: hwownd vule.

9. AgXT_BO-X €OY DO-Y EOzZ (FO-%Z
20 A0X BO-X c¢€cOY DO-Y (EOQOZ) FO-Z

21. AOX B -X cOY DO -Y EQ Z FO-Z
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A crate with a mass of M = 73.5 kg is suspended by a rope from the midpoint of a uniform boom. The boom has a
mass of m = 137 kg and a length of 1 = 9.12 m. The end of the boom is supported by another rope which is horizontal
and is attached to the wall as shown in the figure. Q

T =
7 — )

p z

0 w
5 '
Mq

The boom makes an angle of § = 56.4° with the vertical wall. Calculate the tension in the vertical rope.

(i) - 73.5:9.9I
M=

22. AQ 442x10> BQO 5.00x10* CQO 5.65x102 DO 6.38 x 10? 2' N
EQ 721 x10°) FQO 815x10*> GO 921x10> HQ 1.04 x 10® 7

What is the tension in the horizontal rope?
(in N)
23. A0 879x10> BO 117x10° (€0 155 x10° ) DO 2.07 x 10*
EQ 275 x10° FQO 366 x10° G 4.86 x 10°  HQ 6.47 x 10°

TO‘(‘O{\A-Q— b&‘Q.V\.C@. wvt P\.\IO".‘_ P
M% SLVL@ +Wg- = 1 emB = T-L: 028
=M +WL)CX tomp =T
T= %(‘735 + \?;l) 281 tow(564)
T = ‘55"\"\[
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Planet-X has a mass of 8.31 x 10%* kg and a radius of 9300 km. What is the Escape Speed i.e. the minimum
speed required for a satellite in order to break free permanently from the planet?

(in km/s )
24. AQ 3.58 BO 4.47 cO 5.59 DO 6.99
EQ 8.73 FO 1.09x 10y GO 1.36x 108  HQO 1.71 x 10*

2GM

Escape =peed. : Ug =

G =6.CT né"ﬂg—-
M= 832118 \4%
R = 9300 k. = qsloWL

l,.-l
92.6.671 (o 83\ 2
C(.?;-to

WL \cnn
Iy = 10, U T = 109 —

]

(

=
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Which one weighs more, one kilogram iron or one kilogram feather?

25.A() It depends on the type of the iron and the feather. Th eti bO‘L_‘/\ wec%‘/l_

B(Q) The feather weighs more.

C(O) The iron weighs more. q g \ N
_ . .

Which one displaces more water, one kilogram wood or one kilogram styrofoam?

SOEEED Since. they leothy floot,

C(O It depends on the type of the w.ood and the styrofoam. .L\,\e'(_d bo—U/L d&p lace_

D The styrofoam displaces more water.

Which one displaces more water, one kilogram iron or one kilogram styrofoam?
2
BO e 1ron displaces more water.

CQO It depends on the type of the iron and the styrofoam.
D() They displace the same amount of water.

The s-\:_x.dv-o-Qoo.\M digseloces
1 kg ol water, lbecouse ¢t
Noots on the aunfoce.

[ e | The twrown desploces
woktev equivalent o ks voluume
V = Z—é\— Sonce the O‘EV\SC\:_\d of wron
s %ve.céie,r Llhown one ( .‘%c.) . the
o\Cs\o\aced woter e lees thon o

\a_c,lo%mw\ .
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A large tree trunk is floating in the sea. The density of the sea water is 1025 kg/m3, the density of the trunk is
735 kg/m3. What fraction of the trunk’s volume is above the surface of the water?

28. A 0.242 B() 0.283 Cc( 0.331 DO 0.387
EQ 0.453 FO 0.530 G 0.620 HO 0.726

\/

out

--- Evunl : 8, =735 __3-\"3
m

Vin voluwe : /= Vo ¥ \/ot.d:.
Arclumedes :

B= WMy 3= Sy Vin

F\oo:hlwc& oun the s.u\r@once_:

woter : 8 .= \025 _“‘_5-3
mw

M, q =B
S, Vi } dvaction o} voluwme
\Y

- on the water

— e

= y
o
FV‘QC“C_\:OV\ 0-[) voluwe out : _4_-— —\7— =

=1 -5 _ g _135
T 8w -~ 1025

= 0.283
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The figure illustrates flow through a pipe with diameters of 1 mm and 2 mm and with different elevations. p,

is the pressure in the pipe, and v_ is the speed of a non-viscous incompressible fluid at locations x = Q,R,S,T, or U.

D P ouiSmmmbo:

29. A Greater than B() Less than C(Q Equal to
D D ouiSummby

30. A Greater than BQ) Less than C(O Equal to
D> Vgl S 2V,

31. A Greater than B() Less than C(Q) Equal to

> Pq>Pr bl pressuve Wcreoses,

whewn Yo &Cve_ o\ee_pe,\r to oo

utd (hydvostotce Preasure )
— P> Pu b/c the pressuve nerecses,

when the PMud glows doww
(Bernoullt Pruonciple )

&, >ou ble v, =LU due 1o
Contimuitsy : Uy Ay = U2A, and

A =kA, ble d;=2dy

2
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A truck horn emits a sound with a frequency of 240 Hz. The truck is moving on a straight road with a constant
speed. If a person standing on the side of the road hears the horn at a frequency of 226 Hz, then what is the speed of

the truck? Use 340 m/s for the speed of the sound.
(in m/s)
32. A 4.76 B(O 6.91
EQ 2.11 x 10") FO 3.05x 10"

couvrce : o= 24OHz } dowwu - s\ru;H;
Cosevved : fo=226 H=
Obaecvver : 0‘°_=OWl/6 : Ok rect

SOUVCe U_$=?

CcO 1.00x 100 DO 1.45 x 10!
GO 443 x10" HQO 6.42 x 10!

aouwnd

DO\Q\O\GV‘ C"JME—C—‘E-‘

C * Us

o = ‘Osf c Uy
c

'?'o-"_"Ps' —

c + Vg
C‘p'a t U;‘Po- = C—'Ps

C#s" C\&o—

U. =C {e—o-

> fo-

240 - 226 = Ol.1 wL
22¢ S

(T
—t>
Q

[
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A bimetallic strip is held fixed at the bottom end as shown in the figure.

The metal on the left has a coefficient of linear heat expansion of o, = 3.65 X 1075 1/K, the metal on the right has
Qpigny = 1.19 X 1075 1/K. When the strip is cooled, it will ... (complete the sentence)

33.A(Q) ... remain straight.
BQO),....bend right.
CQ) ... bend left.

okt —
“left = _ g

=265 10 .4_-K_ =1.19-10 —4—\;-

Slce “Ieﬂ>°¢vq\¢ the wmetal ow
the left contvacts wove ( when
the atvip (s cooled . Thevelove
Lthe stvip will bend to the

lefd
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A 23.2 liter gas bottle contains 4.49 x 10?3 Xenon molecules at a temperature of 378 K. What is the thermal

energy of the gas?

(in J)

34. AQ 3.51 x 10°
EQ 1.55 x 10*

BO 510x10° cCO 7.39x10° DO 1.07 x 10*
FO 225 x10* GO 327x10* HQ 4.74 x 10*

N=449 1O

235

T=3%18K
Xewow : ~'- =3 (SLVLC%\Q, okowm wolecule
nolb\e C&&%)

U
U

—
S

\t

(

L NeT

23 23
2.449:10 - 13810 - 378
S5\ 7T
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What is the temperature of 1.08 moles of Nitrogen gas inside a 6.16 liter container, if the pressure of the gas is
10.5 atm?
35. A 2433 B 284.6 C(O 333.0 DO 389.6

EQ 4558  F(Q 5333 GO 624.0 (HO 730.1

J
wol¥X

=108 wmol R = 8.3
V = 6.16 L =0.006l6 L

(A
P=1050twm = [LOGL 1O Po
Tdeal qos low : eV=uRT

_ eV
= WR 6
T .06 10 - 0.006\6 — 720K

.08 - I.3I

]
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An ideal heat-engine is to be used in an environment where the ambient temperature is 32.5 °C. What should
be the minimum temperature of the hot heat reservoir in order to reach at least 41.2 percent efficiency with the
heat-engine? (Give your answer in Celsius.)

36. AO 1.70x 10> (BO 247 x10° ) CO 3.58x10° DO 5.18 x 10?
EQO 752x 10>  FQO 1.09x10° GO 1.58x10°  HO 2.29 x 10®

Printed from LON-CAPAOMSU License d under GNU Genera 1 Public License

n =4192% =0.kIZ
T.=325%C = 305.5K
Heat emqine efficiemcey:

TH - Tc_

It

T = 2055 _ 596K =24k6.6C
H 4 ~0.412



