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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!

Are you sitting in the seat assigned?

1.AQ Yes, I am.
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A large rock is released from rest from the top of a tall building. The average speed of the rock during the first

second of the fall is 5 m/s. What is the average speed of the rock during the third second? (In this question we use
the approximate value of 10 m/s? for the gravitational acceleration.)

s RS gt qmlom/E

BO 5 m/s
cO 25 m/s 20+
DO 30 m/s
EQO 100 m/s 20 T
FO 15 m/s
GO 50 m/s ‘O T 5
HQO 20 m/s
IO 10 m/s

i 2 - = +(5)
The QVC",VO.%G_ s\oe,eds Ll {‘-ree_ ﬁod\
qo as 5,15, 25,3s5,.. m/s oOVev

nd time ntevvols.

the owne seco
(T‘f\e_ {1 :3:5:+:9... pa’d:e_\rm_ wosg
-[?Lkst cbserved awnd e,xqo\ o.cvxeol

by Galdeo Galdel.)
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A car is waiting at an intersection. When the traffic light turns green, the car starts moving. After some time the car
comes to rest at another traffic light. The figure below shows the velocity of the car as a function of time.

ERER YRS
TN Jar=rgm/ s

v (m/s)

) \

o 1 2 3 4 5 6 7 8 9 10 11 12
t (s)

One can clearly identify three different stages of this motion.

What is the acceleration of the car during the second stage of the motion?

(in m/s"2) - AU_ - —ZW\. /5 m
3. AO-200 BQO-100 (€0 0667 DOO QL= E = =- 0-67 _i'
EO 0400 FQO 0500 GO 0.667  HO 2.00 35S (=2

What is the total distance travelled by the car between the two traffic lights?
(in m)

4. A0 264 BO 31 cCcO466 (DO620 EQO 825 FO 110. GO 146 HO 194

Dcistownce lvovelled (e the avec. undew

tlhe U-t gropeh:
> = oO+10 o+ 2 + S+0

2 —
— IS5 +27+20 =62Zm

2 2. ==
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A baseball is projected horizontally with an initial speed of 17.9 m/s from a height of 2.33 m. (Please, neglect air
friction in this question.)

What is the horizontal component of the ball’s velocity, when the ball hits the ground?
(in m/s)
5. AQO 1.53x 100 ([ BO 179 x 10" CO 2.09x100 DO 2.45 x 10"
EQ 287x 100  FQO 335x10" GO 392x100  HQO 4.59 x 10

What is the magnitude of the vertical component of the ball’s velocity, when the ball hits the ground?
(in m/s)
6. AQ 3.22 B() 4.66 cQ 6.76 DO 9.80
EQO 1.42x 10"  FQO 206 x 108 GO 299 x 108 HQO 4.33 x 10*

—
Vs

-— —_—
Uy = Vo

"

Uy =Uo=17.9m /5

o, =(2qk (2281223 = BT16wm /s
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Two masses, m; = 3.20 kg and m, = 5.98 kg are on a horizontal frictionless surface and they are connected together
with a rope as shown in the figure. W‘

m, \

m m

1 2

F
.

—

I
I
I
| X

]

|

The rope will snap if the tension in it exceeds 75.0 N. What is the maximum value of the force F which can be
applied?
(in N)
7. A0 389x10"  BQO 517x100 CO 6.88x 108 DO 9.15 x 10*
EQ 1.22x10>°  FQO 1.62x10*> (GO 2.15x10° ' HQO 2.86 x 102

What is the acceleration of the whole system, when this maximum force is applied?
(in m/s°2)
8. (AQ 234x 10" BO 265x100 CO 299x100 DO 3.38 x 10"
EQO 3.82x 10"  FQO 432x108 GO 488 x 108  HQO 5.51 x 10*

Newton's 2ud law {ov w,

T, =M-0 = Q& = Imax

Mmax 4 ax WMo m,

5N 2
Ccmax = —';.ch(‘ = 234 m/s

Newton's 2ud law Hov Jc\fle_é ‘:;:2\3

F= (M +wm,): O pax
F = (320+598)kq- 224z = 2(ON
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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?

9.A0 A
BOB
cOC
DOD
EQE
FOF
GO G
HOH
IO I: the force is zero.

Sonce the Hock te ok vest .
AF

The wnorwal compome,w\:, ol F s called
nor mal -Qov-c_e_ _ﬁ; 'H/\Q. 'LCsVLCle.VL'LL,O.[ oV
powallel Componew-E s celled -@YC,C:‘:.COVL

.? In this case the dviction (s
S{'_o;l'_ C o -o- becousec the block s

sdh,vx% ot vest ow the dnecline.

Fovee F = one Sun.%le_ force!
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An athlete, swimming at a constant speed, covers a distance of 226 m in a time period of 5 minutes and 31
seconds. The drag force exerted by the water on the swimmer is 70.0 N. What is the power the swimmer must provide
to overcome that drag force.

(in W)
10. AQ 1.57x 100 B 227x 100 CO 3.30x 10" DO 4.78 x 10"
EQ 6.93x 100  FQO 1.00x10*> GO 1.46x10> HQO 2.11 x 102

a [ motiove w Gl conatont Spe@[)

d _ ] 226w = L7 9w
P=F";‘._“‘_'°N ais

Power : P=F'T =Fu (shce casO=1)

U_=
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On a roller coaster ride the total mass of a cart - with two passengers included - is 316 kg. Peak K is at 46.6 m above
the ground and peak L is at 24.0 m. At location K the speed of the cart is 15.3 m/s, and at location L it is 12.4 m/s.
(The wheel mechanism on roller coaster carts always keeps the carts safely on the rail.)

. EV\Q,Y‘C%\j bOJO\.Vl.C.e_'
K TE, =TE_ + AEHA_
Meclhenuical eneyqy :
TE =PE+KE

How much mechanical energy is lost due to friction between the two peaks?
(in J)
11. A0 890x10* BO 1.29x10* CO 1.87x10* DO 2.71 x 10*
EQ 394 x10*  FQO 571x10" (GO 828 x10*) H(O 1.20 x 10°

Evev'k.a-l-_\nim.% conmlotned
PE, + KE, =PE +KE_+ LBy,

\ 2
M%\/LK-F 'l‘z MU“:'= W‘%"LL +z MU "+ AE, =

sty = wig ) + (62 )
AEHA 5!6 q.8(- (LrGG 2k, 0) +
3UC- (1527 - 12,47 ) =828 T
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A 927 kg automobile slides across an icy street at a speed of 62.7 km/h and collides with a parked car. The two
cars lock up and they slide together with a speed of 29.7 km/h. What is the mass of the parked car?
(in kg)
12. AQO 6.59%x 10> B 824x 10> (€O 1.03x10° DO 1.29 x 10°
EQO 1.61x10° FQO 201x10° GO 251 x10° HQ 3.14 x 10*

g Wiz (mi+my) Uy
—>
ot vest:
=0

Cowvnsev vat wown ol wmowmentuun:

W, U -l—'le()‘z1 =(M|"'V"'-z.) U__L
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A mass of m = 1.41 kg connected to a spring oscillates on a horizontal frictionless surface as shown in the figure.

wl im0

m

The equation of motion of the mass is given by
z = 0.333 cos(1.02¢)

Sumple Rovwownlc Motiow :
x(L)= 0 cos(wt)

W.here the position z is measured in meters, the time ¢ in seconds. Determine the periﬁ he motion. 27'—

e W= >T= 455

13. AQ 545 BO 6.16 cO 6.96 D) 7.87 T w
EQ 8.89 FO 1.00x 10' GO 1.13x 10"  HQ 1.28 x 10" T = 6 lés

What is the maximum speed reached by the mass?

(in m/s)

14. AO 1.84x107" BO 2.08x107" €0 2.35x 107!
EQO 3.01x 107 (FQO 340x10 ' GO 3.84x107!

D) 2.66 x 107+
HQO 434 x 107!

Determine the spring constant.

(in N/m)

15. AQ 481 x 1071 B 6.01x 100 €O 7.51x10°1 DO 9.39 x 10~} _
EQ 117 FQO 1.47 GO 1.83 HO 2.29 k - l.L"7 N /M
Hooke,' S lo_w . F= k- x

FWI

oX =k'xwwu< =k-A

Newton's 2nd

Fomax

= Wn. Qm&x

law

S
—

let's combine tlhewt 1o cae:[:.\/\e,\r :

LA = mAw”™
" =.-l/\/lb\.)z

w

)
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An extended body (not shown in the figure) has its center of mass (CM) at the origin of the reference frame.
In the 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.
—

z Tovque: T.=© X F
r ond RHR

Y
> X
16, AQ X BO -X cOY DO -Y EQ Z FO-Z
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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 ..cn0-
17. AQ true B() false C() greater than D() less than EQ equal to

> While going fromeYategX, there is a torque on M.
18. A true BQ) false CQ) greater than D(Q) less than EQ equal to

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

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

> M’s angular velogitymat,X is half that at Y.
21. AQ true BQ) false C() greater than D(Q) less than EQ equal to

S W<O blc Fand disglocement d pPovds

+L, =Ly ble T=0 (T=%¢)
—\>oox=z';co\r trom W = _; “
. -
2
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A crate with a mass of M = 84.5 kg is suspended by a rope from the endpoint of a uniform boom. The boom has a
mass of m = 135 kg and a length of I = 7.25 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.

m

T <

V

P

N

L
Z

Mq

v

mq

The boom makes an angle of § = 65.0° with the vertical wall. Calculate the tension in the vertical rope.

(in N)
22. A0 623x10* (BO 829x10°) CO 1.10x 10®
EQ 1.95x10*  FQO 259 x10° GO 3.45x 10°

DO 1.47 x 10°
HQO 4.59 x 103

M<3=84.S-<?.8l=
=829N

What is the tension in the horizontal rope?
(in N)
23. AO 5.12x10° (BO 640 x10° CO 7.99 x 10®
EQ 1.25x10*  FQO 156 x10* GO 1.95 x 10*

DO 9.99 x 10°
HQO 2.44 x 10*

Polomce ol the -Lovq,u.es:

T. .%‘-Cose = VV\.% -%SCVLG + MC% L -scnm©
T = (Mm+2M)qtond

T=(135+28+5)-2.8l - ton 65°
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A 230 kg satellite is orbiting Earth on a circular orbit with a speed of 5.71 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. A0 330x10° B 439x10° (€0 584x10° ) DO 7.77 x 10°

EQO 1.03x10* FQO 1.37x10* GO 1.83x10* HQ 243 x 10*

sotelite speed:

1 G_.M
0 =J§_M_ = = —‘U'f'
Y
- 24
r = 667'0 ‘ 5-0(—' 10 — (2(2{3 ‘(J/VL
570"

h=-R=122(3-6370 =58k3>km
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Glucose solution is administered to a patient in a hospital. The density of the solution is 1.300 kg/1. If the
blood pressure in the vein is 25.7 mmHg, then what is the minimum necessary height of the IV bag above the position
of the needle?

(in cm)
25. AQ 128 BO 185 cO 26.9 DO 38.9
EQ 56.5 FO 81.9 GO 1187  HQO 1722

H\&dros'];c:\'_m pressuwre

) _ P
=289 Fh = a3

25TwmwmHq - 1333 Pos/wuwl\‘lj_
= Hy 3
|'500\¢<3/WL3 . 2.8 m (S

h = 0.268m =26.9 am




Tibor Nagy - PHY 231 Fall 2018
Practice Final Exam

17

An object weighs 95.9 N in air. When it is suspended from a force scale and completely immersed in water the
scale reads 24.4 N. Determine the density of the object.

(in kg/m"3)
26. A 440x10> BQO 5.49 x 10°
EQO 1.07x10* (FO 1.34 x 10°

c(O 6.87 x 102> DO 8.58 x 10?
GO 1.68x10*°  HQO 2.10 x 10*

Tn or

Ik

T
VA

F =g

Tn wotev:

-—  ——

Archumedes:
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An Airbus A380-800 passanger airplane is cruising at constant altitude on a straight line with a constant speed.

The total surface area of the two wings is 395 m2. The average speed of the air just below the wings is 252 m/s, and
it is 278 m/s just above the surface of the wings. What is the mass of the airplane? The average density of the air
around the airplane is p,; = 1.11 kg/m?.

(in kg)
27. AQ 2725 x10°  (BO 3.079 x 10> CQO 3.480x10° DO 3.932 x 10°
EQ 4443 x10° FQ 5.021 x10° G 5.674 x 10°  HQ 6.411 x 10°

Bernowllt princpele :
;'Z-Suf + 5%h&+ Po. = é—suf+ S‘Jhb + Py
| a: abeve - b: below -
sumce 8qha = 2qhy, (ble WoEhy)
Pevelove —|2'§U;2+ Pa = 28V, +Py,
z5(02-0y )= PR
Force : F=2Lp-A =(P'o_‘°°~)9

2 2

F=Zl—5(0—o.’“-!;>)'ﬁ

F=d-l ".(2'78?'—2522)- 295
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Two sounds have intensities of 1.80 x 1078 and 6.90 x 10~* W/m? respectively. What is the magnitude of the
sound level difference between them in dB units?

28. A 6.23 B( 8.28 cO 11.01 DO 14.65
EO 1948 FQO 2591 GO 34.46 [ HC) 45.84

&
6.9:10% | _
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A bag filled with lead shots is dropped from a height of h = 25.1 m. The total mass of the bag is m = 515 g.
What is the increase in the temperature of the lead shots, after the bag hits the ground? (The specific heat of lead is
¢ =130 J/kgK.)

(in K)
29. AQ 776 x 1071 B 9.70x 107 €O 1.21 DO 1.52
EQ 1.89 FO 2.37 GO 2.96 HO 3.70

Ev\e\qua balawnce .

| &

WLCJ(/L = CWM AT

e AT
C

130
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What is the pressure of 2.03 moles of Nitrogen gas in a 7.85 liter container, if the temperature of the gas is 30.5
°C?
(in atm)

30. AQ 3.06 B 4.44 cQ 6.44 DO 9.34
EQ 1354 FO 1964 GO 2847  HQ 41.29

Tdecl QoS oo p\/=Vl—RT

n =2.03 wol -
\/ =7.850 = 0.00785 m

T = 20.5°C = 30335 K
R = Q.2 JT/(molk)

nRT 203 Q3 2035
P= v =~ O.00785

e = .52 IOSPa = C.Lkl ot

( 101,300 P = L akwm)
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10 pt | Constant amount of ideal gas is kept inside a cylinder by a piston. Then the gas is compressed isobarically.

Compare the initial (i) and the final (f) physical quantities of the gas to each other.

> T is ... p; P
31 B( less than C(Q) greater than

> The internal ener
32. AQ equal to

> The temperature
33. AQ equal to

> The volume V; is
34. AQ equal to

> The entropy S; is
35. AQ equal to

C() greater than

CQ) greater than

C() greater than

C() greater than

Py =

\4,_<

P
\'A

Ve

aunce Gr.'s cSolbow e
gince & compression

T_e< TL aince We cve c_vosscw.c% (eo -
thevimse toword the lowev temps.
() ] < SC. ainece we ove C.V'C:SSC.M.%

odiokots Lowowd the lower eV\:l:vopL'65.
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A Stirling-engine is used in the heat-pump mode to heat a house. The engine maintains a temperature of 23.7

°C inside the house. The temperature of the Earth loop is 11.3 °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?

36. A 6.28 B 7.84 c(O 9.81 DO 1.23 x 10*
EO 1.53x 10"  FO 1.92x 10" (GO 239 x 108 HQO 2.99 x 10*

If the power of the electric motor driving the heat pump is 174 W, then what is the rate at which heat is
delivered to the house?
(in W)
37. AQO 448x10> BQO 650x10° CO 942x10* DO 1.37 x 10°
EQO 1.98x10®° FQO 287x10° (GO 4.17 x 10°) HQO 6.04 x 10®

Printed from LON—CAPAOPP Licensed under GNU General Public License

Tu =237 =2961K

O&— P=11%W
= 1\l. 3C = 2_8'-!-.3K
c_

f Covrnoct

K= _1_3_— - PH_PC_ T =T
296.7 _ 229
2.4

K = _‘:?“_ & P, = KP=229 Tk=kE3W

A
|




