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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!

10 pt| Are you sitting in the seat assigned?

1.AQ Yes, I am.




Tibor Nagy - PHY 231 Fall 2017 3
Practice Final Exam

An apple, a brick and a hammer are all dropped from the second floor of a building at the same time. Which
object(s) will hit the ground first?

2.A() The hammer will hit first.
B(Q) The hammer and the apple will hit the ground first in a tie.
C(Q) The brick and the hammer will hit the ground first in a tie.

D) Without knowing the masses of the objects, we cannot tell which one hits the ground first.
EQ) The apple will hit first.

F(QO) They all hit the ground at the same time.
G() The brick will hit first.
HQO) The apple and the brick will hit the ground first in a tie.

Al dewse and compact cbiects
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o\eepes‘)'_ questcows m the Uunivevaes:

the MQES UL the nuwmevreror te tHhe
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A car is initially at rest on a straight road. The graph shows the acceleration of the car along that road as a function
of time.

4
3 b
2 [ xe
E ofdt okt
£ —1=
_1 —
-2
-3
0 1 2 3 4 5 6L 7J8 9 10 11 12 13 14
t(s)

What is the speed of the car at t=7 s?
(in m/s)

3. AO10 BO20 cO30 (DO50Y EO60 FO70 GO80 HO90

Delovition of cccelevotion.: o= 91_0:
WA

thevrelore : Dr=C At

very wicely At=1is and =0 % .

— 48
U"(-L:ls):o"o..\.AU‘:O-l-g“B—ESg—
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A baseball is projected horizontally with an initial speed of 5.01 m/s from a height of 1.97 m. What is the speed
of the baseball when it hits the ground? (Neglect air friction.)
(in m/s)
4. AQO 380 BO 5.51 cO 7.98
EQO 1.68x 10" FQO 243x 10" GO 3.53 x 10*

DO 1.16 x 10*
HQO 5.12 x 10*

—-—>

Ui doean't c\z\a.vsﬁg -l-_l/wou%\«oul: the wmotion

— . 42=
0, 0y 29l
P%-Unoqo rean thecvrewn:
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(}'2 = U'g' + an‘ﬂ_.
= Vo2 +z%\,:'

|Sof + 2-98)-1.87
748 wm /2
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[3 pt] A block is at rest on a frictional incline. (See figure.)

Which vector best represents the direction of the force exerted by the surface on the block?

5(A0 A
BO B
cOC
DOD
EQE
FOF
GO G
HOH
IO I: the force is zero.

Stnce the ocbjeck s ok vest, the
we,\;c&‘/d: ma must be exoctly boloced
out to zero. The wec%\/c\: wq roints
Vev tically down Ahevelore we ueed
o dovce which points verticolly up.
Only o frickional adime  witla oo
SM-Q—QQCCQVCUU& \o.vc%e_ coelicient of stedec
Priction. com do this. A drickionless
neline. wouldn't be dole to hold
an object o vest ot owy nonzero
OM'%\P“
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A car with a mass of 1160 kg is traveling in a mountainous area with a constant speed of 66.9 km/h. The road

is horizontal and flat at point A, horizontal and curved at points B and C.

] @ centripetol occelerckion:
: o = 5°
s

(2.Cwm/I= 4wm/3)

The radii of curvatures at B and C are: ry = 135 m and r = 125 m. Calculate the normal force exerted by the road
on the car at point A.

6. AQ 1.14x 10" BO 142x10* cCO 1.78x10* DO 2.22 x 10* ﬂ

EQ 278 x10*  FQO 347x10* GO 4.34x10* HQO 5.43 x 10* Fﬂ "GO q_gl ‘ “'l' ‘D N

G A

Now calculate the normal force exerted by the road on the car at point B. FB Ls |e$

i } howm mg.

7. AQO 457x10* BO 516x10° €0 583x10*° DO 6.59 x 10*
EQ 744x10° (FQO 841 x10° GO 951x10° HQO 1.07 x 10*

Fo (s wove

thown mg.

And finally calculate the normal force exerted by the road on the car at point C.
(in N)
8. AO198x10* BQO 263x10*° CO 3.50x10° DO 4.66 x 10°
EO 620x 10° FQO 824x10° GO 1.10x10* [ HO 1.46 x 10*

B:mq-Fg=M0Cee | C: R
2
-mi _ = -
MmQ-m-e— =y Fe=mq+wm

2
ermler) ] femlang)
Fe,uco(?g BR) | R=leo(asi+ 55

Fa, 2 49N \ Fc_g'q',SSON
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A block with a weight of 600 N is pulled up at a constant speed on a very smooth ramp by a constant force. The angle
of the ramp with respect to the horizontal is 8 = 20.0° and the length of the ramp is [ = 14.4 m.

y el N Wh = Q'SCM.B

Calculate the work done by the force in pulling the block all the way to the top of the ramp. (Neglect friction.)
(in J)
9. A0 968x10> BO 1.21x10*° CO 1.51x10° DO 1.89 x 103
EQO 236 x10° (FQO 296 x10° GO 3.69x10° HQ 4.62 x 10®

The work done by the extevrwnal
Jorce s equol to the chomge
potentiol enewqy:

Weye = APE =PEp=wmql
drom the enevqy \colownce :

G - gwee K5 P

Weyy = OO -l 2 20° &= 2955N
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An athlete, swimming at a constant speed, covers a distance of 125 m in a time period of 1.85 minutes. The drag

force exerted by the water on the swimmer is 52.0 N. Calculate the power the swimmer must provide in overcoming
that force.

(in W)
10. AQO 2.79x 10" B 4.04x 10" ( €0 586 x 10" | DO 8.49 x 10*
EQ 1.23x 10> FQO 1.79x10*> GO 2.59x10°  HQO 3.75 x 102

Power : P=F T =Fy blc 8=C

= d _ L 125m
P=F T“SQN .85 -GO0s
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A 629 kg automobile slides across an icy street at a speed of 63.5 km/h and collides with a parked car. The two
cars lock up and they slide together with a speed of 26.1 km/h. What is the mass of the parked car?
(in kg)
11. AQO 3.83x10*> B 510x10> €O 6.78x10* [ DO 9.01 x 10°
EO 1.20x10° FQO 1.59x10° GO 2.12x10°  HQ 2.82 x 10®

M, +Wm,

“_L W 2.
>
wL, ot ‘rCS“:’

Covnaervation of mowentum :

+5ib

I
i
|
)
{
|

M-0; + m, O = (M) Uy
Wl,u'.\ - WL'U‘_F + W'zoff.
VMIU-L—VV‘I% = VVleTF

U},—UT'_

Vvll = M
U

2

635 —2¢|
2 2G. A0l \q

There & no heed o cowvevt to
m /s, becouse the lm/h concele out

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

0123 456 7 8 9101112131415 16
t(s)

This function can be described by the following formula:
x(t) = Acos(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. _proW\ -u\e _QC%‘”& H

(in m)

12. AO 8.00x 107 { BO 1.10 C(O 1.40 DO 1.70 g — l ‘ M
EQ 2.00 FO 2.30 GO 2.90 HO 4.40 ‘

drom Hre Jquve.
Determine the period T of the oscillation.
(in s) l = 5' Ll- S
13. AO38 (BO5400 cO620 DO70 EO 740 FO 78 GO860  HO 9.00
_2T _ 2- 3¢ vad
Determine the angular frequency w. 5 ’ L\_ 5

(in rad/s)

14. AO 382x107" B 553x107" €O 8.02x 107 DO 1.16
EQ 1.69 FO 2.45 GO 3.55 HQO 5.14

A= :‘I__. = -é‘j-:o.\ssuz

Determine the linear frequency f.

(in Hz)
15. AO 388 x1072 B 485x1072 €O 6.07x1072 DO 7.59 x 10”2
EQ 948x 1072 FQO 1.19x107' GO 148 x 107 HO 1.85 x 10 *
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A small mass M attached to a string slides in a circle (Y) on a frictionless horizontal table, with the force F

providing the necessary tension (see figure). The force is then decreased slowly and then maintained constant when
M travels around in circle (X). The radius of circle (X) is twice the radius of circle (Y).

> As M moves from Y to X, the work done by F is ....0.
16. A true B() false C() greater than D() less than EQ equal to

> M’s angular velocity. at. X is half that at Y.
17. AQ true BQ) false CQ) greater than D(Q) less than EQ equal to

> M’s kinetic energy at X is one quarter that at Y.
18. AQ true B() false C() greater than D(Q less than EQ equal to

> Whileggoing from Y to X, there is no torque on M.
19. AQ true BQ false CQ) greater than D(Q) less than EQ equal to

> M’s angular momentum at X is .... that at Y.
20. AQ true B() false C() greater than D(Q) less than EQ equal to

S WLO b/e the Lovce. ond the obtsplo;ce,—
ment ponts n oppos e directions.

(We. ove losng inthe taq-o 4‘“’&“‘-)
> KE, = rKE¢ blc KE-= —Z‘E-E—o\moll v

& T=0 bl/c the {ovce imthe vope LSCe.vd:ya\
-, = |_Y b/c T=0 (Newtow's 2ud:T=Z¢
—wa:: Ly ble Ly=Ly weons
T, W, J:T wY omd. Iy= 41\. (due
lo T =wme?) thevelore Wy = "’7,:‘ Wy
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A uniform rod with length [ and mass m is suspended by two thin strings as shown in the figure.

.P

The rod is in horizontal position. Which of the equatiofs represents the initial angular acceleration of the rod when
the string on the left is cut? (Hint: Use the parallel axis|theorem.)

21.A0 g/l
B8 E3rr;g;)l/(21)
C 39
DO 1/(29) ‘M%
EQ (31)/(29)
FO (3ml)/(29)
GO (121)/mg
HO (39)/(20)

Newton's 2nd low dov vototiow :

<
(t I— oC o 4\:[. ="L'|/VIQ,

l
M%% g Q_ ———— J

3 mevtio, wia
‘2‘_% respect to
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A crate with a mass of M = 74.5 kg is suspended by a rope from the endpoint of a uniform boom. The boom has a
mass of m = 141 kg and a length of I = 6.61 m. The midpoint of the boom is supported by another rope which is
horizontal and is attached to the wall as shown in the figure.

The. vertical vope stm‘ol‘.a
— m 1 holde the we_c,c{‘ln.-l_-. ol M:

0 z Maq = T&5-].81 =73]N
A k!
2
X
%
The boom makes an angle of § = 51.4° with the vertical wall. Calculate the tension in the vertical rope.
(in N)

22. AQ 647 x10* ( BO 731 x10° ) CO 826x10> DO 9.33 x 10?
EQ 1.05x10*°  FO 1.19x10° GO 1.35x10*  HQO 1.52 x 10°

What is the tension in the horizontal rope?
(in N)
23. AO 3.15x10° ( BO 356 x10° | CO 4.03x10* DO 4.55 x 10°
EQ 514 x10*°  FQO 581 x10° GO 6.57x10° HQO 7.42 x 10°

The balounrce o) toques :

T = (m+2M)qtond

T= () +2-7%.5)- 931 o S
TS 3564N
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A 334 kg satellite is orbiting Earth on a circular orbit with a speed of 4.19 km/s. Determine the height of the

satellite above Earth’s surface. (The mass of the Earth is 5.97 x 10%* kg, and the radius of the Earth is 6370 km.)

24. AO 885x10* BQO 1.00x10* cCO 1.13x10* DO 1.28 x 10*
EQO 144 x10* (FO 1.63x10* 1 GO 1.84x10* HQO 2.08 x 10*

coced of a satelite on an ovbit
wth vodius U-=\/_@;_Pi =

- || 24

< GM _ 6ETIO- SATIO
O 410~
3 6
22.681%‘/\/\ Ih = r-R=163'l0Om=
3110 = 16,310 kwm =

(l

V—

N
l

R R+tW =V
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Glucose solution is administered to a patient in a hospital. The density of the solution is 1.114 kg/1. If the
blood pressure in the vein is 44.3 mmHg, then what is the minimum necessary height of the IV bag above the position
of the needle?

(in cm)

25. AQ 46.2 B(O 54.0 cO 63.2 DO 74.0
EQ 865 FO 1012 GO 1185  H(Q 1386

Hodrostotic presswe: P =390
% = Q.8lwm /<%
Q = |\l k%/ﬁ =1, % kg/m?’
P = k3 wuchg = 5905 Pa_

=t - 339> _ 05tm =Sk
29 i qsl
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A solid, homogeneous sphere with a mass of m, a radius of r, and a density of p, is placed in a container of
water. Initially the sphere floats and the water level is marked on the side of the container. What happens to the
water level, when the original sphere is replaced with a new sphere which has different physical parameters? Notation:
r means the water level rises in the container, f means falls, s means stays the same.

> The new sphere has a radius.of r > r, and a mass of m = m,,.

26.A0r BOf (€Os

> The new sphexe.has a density of p = p, and a mass of m < m,,

27. AOr BOf COs

> The new sphere has a radius of r < r, and a density of p = p,. H O
28.A0r (BOEf) COs [ 1'&

v v Lalls
R folls

21
23

A4S
\
| 3 | m | v | HDO level
v =

IV\,&,CG]'L% the S‘Q\r\.eve woe Hooting.
In al these three q,ue_s-\:iovus the s\ob\e,ve
remoned adloot. O‘c:(e_c{:s #(OOL‘U.VL%

on. the swfoce dusploce watev
equivolent to theur woas. T8 +he
mo.es s-l-_a\ds the same, the waotev
level wil aleo stay the some . Il the

mass decleazes then the wote
level wdl dod.
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You are listening to music in your room. Both of the speakers (left and right) of your stereo are set to 70
decibels. What is the sound level in your room?

29.A) 140 decibels.
B(O) 120 decibels, because our ears cannot hear beyond the pain threshold.
C(O) 73 decibels.
DO 70 decibels.
EQ 63 decibels.
F(O 60 decibels.
G() Zero decibels. The soundwaves from the two speakers cancel each-other out due to destructive interference.

IV\.'L@/\SL":.\a o one gpepkey: I,

Tts 2ound level o dB . le) Qo%( )700\5
le-_evnsd:_‘ -QVOW\ two sSpeckevs : T,

Tp=I+I, =21 : congervotion o{-evxe,v%a.
Sound level of I, : |[O Qoi(iz) =
= 10Log (2L1) - 10log2 + (Olog (F-)=72d5
-?>ol_P> = 70dB
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A stationary horn emits a sound with a frequency of 208 Hz. A car is moving away from the horn on a straight
road with constant speed. If the driver of the car hears the horn at a frequency of 183 Hz, then what is the speed of
the car? Use 340 m/s for the speed of the sound.
(in m/s)
30. AO 1.86x10" BQO 218x100 CO 255x 100 DO 2.99 x 10
EQ 349x 10" (FQO 4.09x 10" GO 478x108  HQ 5.59 x 10*

x

: C ¥ Uo-
Dop‘d@r ellect _(‘20_= _(}$ T
C. =340Owm /g SPeecl o—@ acuwnad
. =208 Hz : couce -P\"eC}

Le=133 Uz : obsevved dreq,.
U;’—'-O\M(S + +lhhe horm S ok vest

U-=7: obaecrver s,rae_e.OL
since the frequewvcy

= aludt e DOWN, we
40- 'Ps vxeej o {vacicow lel

Llhhaw owe.

C'Po- = C'p_s - U—o-'Q'_s
U_o-’Ps: C‘Ps_cpo-
208 - 133

-_ ‘pS"po— _
{e
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An aluminium object with a mass of 5.44 kg and at a temperature of 25.0 °C comes to thermal contact with a
8.52 kg copper object which is initially at a temperature of 84.1 °C. What is going to be the equilibrum temperature
of the two objects? Neglect heat transfer between the objects and the environment. The specific heats are: c,; = 900

J/kg°C and ¢, = 387 J/kg°C.

(in degC)

31. AO 1.90x 108  BO 223x100  CO 2.60x10" DO 3.05 x 10"
EQ 3.56 x 10* FO 4.17 x 10* GO 488 x10' ) HQO 5.71 x 10

A (C ]
Mg =Skttkg | M= 852k
Cal = QOOJ‘/(!L{C) C cu = 2877/09%)

Ta = 25.0C Tow= 8\

Congervotion of enevqy:
| AU Al +.Auﬁg= O
QoL loss
Ca* Wg (T3-Tay) + CewMeu (-T,)=0O
Car Wig " Tp — Cqp-Wig T +

+Co MM — Copr WMiew Tl =0
(Cm' W + Ce W‘c‘_uu) _':Q = Ca'Wig Tay +Gey, Mm'TC«.\
Cai'Wig Ta + Cow Wew: Tou
CarMg * Ceos Mew
T = L R.8C
(Sto.u& i celasu s, don't cowvert 1o \:_ejvm>

_I':Fz
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What is the volume of 2.19 moles of Nitrogen gas, if the temperature of the gas is 13.7 °C and the pressure is
2.95 atm?
(in L)
32. A 7.97 B() 9.32 cO 1091 DO 12.76
EO 1493 (FO 1747) GO 2044  HQO 23.91

Tdeal qos law @ pV=unRT
w= 2.13 wol
R = 83 JT/(wmolkK)
T=137C =286.7K .
P =295acdm =291 Pao
nRT 2.1 83\ 2867 = 7450

V= e T 299-10°
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10 pt| Constant amount of ideal gas is kept inside a cylinder by a piston. Then the piston compresses the gas
adiabatically. Compare the initial (i) and the final (f) physical quantities of the gas to each other.

> The volume Vi is . V.. Qd_ * b h:C
33. AQ equal tof B( less than C() greater than P A \Q’ Q"

L)
Compvesawow

> The pressure p;is ... p;. N
34. AQ equal to BQ less than C() greater than P.F

> The internal energy U, is ... U,.
35. AQ equal to B(S less than C() greater than

> The temperature T, is ... T,.
36. A equal to BQ) less than C() greater than F L.l
b ]

'
> The.entopy.Seis ... S.. [ i '; v
37. AQ equal to BC) less than C() greater than l !

\/ \/
§F
- \/_c<VL ble & &= O:b_ CoOM P resSsSLOin_
§
+ Py >P, ble By \/12 =P\
+U>U; ble W>0& Q=0 i MU=Q+W
Or W G Crossl CSOAC\/\QVVVLS W\ov(.vx%

o \'ulca\/\e,‘r ond \/\»\'ﬂ\t\ev '\;C-.‘_V\ape_vok-h*\,-e_S.

STy >T, bje U= NkgT : the unteudl
ener-qy ond the tewpevctuvre oave
directly proportional to eodi-other,
they alwoys change together.

+ 5 =S, b/e Q=0 wn ow odoloodic
pvocess. Ancther wovrd Jovr odualookec
Process : (so-entvropElld  M&wung ct
keeps the entropy cons tount.
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A Stirling-engine is used in the heat-pump mode to heat a house. The engine maintains a temperature of 22.1
°C inside the house. The temperature of the Earth loop is 11.1 °C. (The Earth loop buried deep under the ground is
the cold reservoir of this heat pump.) What is the coefficient of performance of this heat pump?

380 AQ 268 x 10" | BO 3.03x100 cCO 343x100 DO 3.87 x 10"
EQ 438x 10"  FQO 495x 10" GO 559 x 108 HQO 6.31 x 10*

If the power of the electric motor driving the heat pump is 199 W, then what is the rate at which heat is
delivered to the house?
(in W)
39. AO 140x10* BQO 1.75x10* CO 219x10° DQ 2.73 x 10
EQ 342x10° FQO 427x10° (GO 534 x10° ) HQO 6.68 x 10°

Printed from LON-CAPAOGMSU . License d under GNU Genera 1 Public License

Hot reservour: T, = 221C= 2951 K
Cold vesevrvolr:T.= IIC =28%[IK

The gool is to heat the house with Q.
QHP—— TH COC‘Q'()LU’EVL{. O'Q P@"-@O\f—-

w\ouwWnCce \0\& Covwnort :
W Qu Qy Ty

K - = -

_ 2|<?5.\ £ _ 909
Q=KW or with powers: Py=4P
P, = 268 - 194 =5333W



