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Fall 2014 RED barcode here
Physics 105, sections 1 and 3
Exam 3
Colton
Please write your CID
so that you can get your exam back

No time limit. A handwritten 3” x 5” note card is allowed. No books. Student calculators allowed. All problems
equal weight.

Constants/Materials parameters:

g=9.8m/s’ Radius of Earth = 6.38 x 10°m Specific heat of steam: 2010 J/kg-°C

G =6.67 x 107" N-m?’/kg? Radius of Earth’s orbit = 1 A.U. = 1.496 x 10" m  Specific heat of alum.: 900 J/kg-°C
ky=1.381 x 102 J/K Density of water: 1000 kg/m’ Latent heat of melting (water): 3.33 x 10° J/kg
Ny=6.022 x 10% Density of air (standard conditions): 1.29 kg/m® Latent heat of boiling (water): 2.26 x 10° Tkg
R =kyN, = 8.314 J/mol-K Linear exp. coeff. of copper: 17 x 10 /°C Thermal conduct. of alum.; 238 J/s-m-°C
o=5.67 x 10 W/m>K* Linear exp. coeff. of steel: 11 x 10 /°C Vsound = 343 m/s at 20°C

Mass of Sun = 1.991 x 10% kg Specific heat of water: 4186 J/kg-°C
‘Mass of Earth = 5.98 x 10% kg Specific heat of ice: 2090 J/kg-°C

Conversion factors

1 inch == 2.54 cm 11b=4.448 N T.=3T7T.4+32

1 foot == 0.3048 m 1m®=1000 L Foste

1 mile = 1.609 km 1 gallon = 3.785 L = 3785 cm® Ty =T +273.15
"1 mi/hr = 1 mph = 0.44704 m/s 1 atm = 1.013 x 10° Pa = 14.7 psi

Instructions:

e  Write your CID at the top of the page, otherwise you may not get this exam booklet back.

e Circle your answers in this booklet if you wish to record them, but be sure to mark your answers on the bubble
sheet. (You will not get the bubble sheet back.)
Unless otherwise specified, ignore air resistance in all problems.
Use g=9.8 m/s”.

Some notes on the answer ranges:

If a set of answers is given like this

a. Lessthan30N
b. 30-40

¢c. 40-50

d. 50-60

e. More than 60 N

you can generally consider choice (a) to mean “20 — 30 N”, and choice (e) to mean “60 — 70 N”. I often write them like
that so that if I’'ve made a mistake when making up the answer ranges, and the answer is really less than 20 N, or larger
than 70 N, then there is still an answer that is correct.

I randomize the answer choices, so the first and last choices should receive their statistical fair share of answers.

Any units and/or exponents given in the first and last answer choices also apply to the middle choices.
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"1. A spring is slowly stretched out, and the force required to stretch the spring N Ny
is recorded at each instant. The result is shown in the graph to the right. 20 -4+ - : ':/‘
How much work was done in stretching out the spring? = . L /;/ i
a. Lessthan 0.5 ). ;15 IRV Z4RERE
b. 0.5-0.6 Ons mathed - © 10 I R N N N A
c. 0.6-0.7 o AT
d. 07-08 W= e 2% “ s / SRR
¢. 0.8-09 ©122.5M Y 2
f. 09-1.0 - ) X ! P Lo
g. 1.0-1.1 . Z- 1012345678 91011
@ More than 1.1 J N Distance (cm)

2. A particular comet passes the Earth, a distance from the sun of 1 “A.U.” (astronomical unit), traveling at a speed of
38 km/s. One month later it is half the distance to the sun, 0.5 A.U. How fast will it be traveling then? (Hint: this is
a conservation of energy problem. Consider its potential energy relative to the sun.)

a. Lessthan 49 km/s
b. 49-51 - Eoep & (M: Eapr
< 4 het sy
T e W e (REAKE) 0 - Re>e )uts
) 55-57 MK LY ~4,M.A J
5759 v, e 7 S

g 59- 61 R ot e g R {\A 2 Meas /s

h. More than 61 km/s \/F - ‘Fvo 2 . 9eM (?L 'f“l M= VNS ~ e
4

- X@\é‘nm ‘;}"" A ) (@, L2y " Nf‘;i_)(( gt 0%&3) x

A o
(5’»/}(%40”M 1446490 v

= g6 M
\’?E?cl tm/sg

3. A car goes around a corner as shown above, while speeding up. At the point labeled “here”, in what general
direction is the car’s acceleration, as indicated by the arrows on the right?

a. A @F

b. B g. G
c. C h. H
d D i. None; the car is not accelerating.
e. B
< =, 00MBn 2=

4. A 45 kg ballet dancer jumps during a performance, with her toes making@cy2 f contact area with the floor. Her
upwards acceleration as she springs is 2.5 m/s*>. How much pressure do her toes exert on the floor?
a. Lessthan 105 kPa . y N
b. 105110 T £ 2ma p= M)
. 110115 ) N -y e = A
115-120 ~ ‘ o
e. 120-125 iy N < g € uner o dSks (185 /
f. 125-130 g s ——
g
h

? ~ nf!é N 00N G >

QW N “":'"' 's ~ - 7
A > {IVZ’Z,,S,-J%\
Physics 105 — Fall 2014 — Exam 3 —pg 2 R e
U' Sy Y lelp \

130 - 135
More than 135 kPa




5. Inclass we did a demo which I called a “reverse tug of war”. Two people pushed on opposite horizontal hydraulic
(water filled) pistons which were connected together internally. See the figure. Suppose the diameter of the left
piston was 6.2 cm and the diameter of the right one was 1.4 cm. If the student on the left applied a force of 700 N,
how much of a force would the student on the right have to apply in order to balance it? (i.e. neither side moves)

Less than 32 N ¢ - ¢ A . H(de ds

32 - 33 V\ L 7 Fp= __geﬁ) f\ (d\)

3334 Fv 7. / ?‘(‘}QL

3435 %, ; / IS
3536
3637 \ / T, = 7ooN ((oqzcc» 35,44 N

37-38 A S
Ay

F"‘F’-"”QP—PS"?’

93
More than 38 N

6. Khaavren loads cannonballs onto a raft, as shown. The raft is floating in a v
pond of water. What will happen to the amount of cannonballs it can support

if he (,hanges the water to oil (having a lower density)?
increase

@ decrease B = Q'F ! VO&;) 2’
c. stay the same é’i L gaes Sacan e %8 oo P

7. An open beaker of water is resting on a spring scale, with a metal block hanging from a

string immersed in the water. See the figure. The hanging block is a 6 kg cube of metal,

11 cm on each edge. What will be the tension in the wire supporting the mass?
a. Lessthan33 N - —_— 2 P
b. 33-35 o /rT  4F0 > TGy P
S = Ty
e. 39-41 W\é-!’ T oy T fp, VA V 9~ ‘\
f. 41-43 e , v
g 43-45 @,kg)(?‘sf")—(m g an)(??) ) ;’

@ More than 45 N Scale

8. Water in a closed pipe (7 cm in radius) flows at a speed of 3 m/s. How long will it take for 5 m® of water to flow past
a given point on the pipe?

a. Lessthan 85s ,.—-———--\»> VF& = Pv

b. 85-90 O =D

c. 90-95 L T el A .

d. 95-100 t \ 5 pm ) )

e. 100105 wl oo -
(£) 105-110 4 AV o latm) > 37)

g 110-115

h. Morethan 115 s

9. Bernoulli's Equation arises because of:
{ a) conservation of energy ( P T PO A ,y}- gcw(’ ?
B.” conservation of (regular) momentum
c. conservation of angular momentum
d. conservation of volume
e. equilibrium in forces and torques
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10. Water is poured into a “U-Tube”, open on both ends, as shown in the figure on the
left. Air is then blown across the top of the left end. This causes the water to rise on
the left and lower on the right, as shown in the figure on the right. If the difference
between the heights on the two sides is 3.3 cm, how fast was the air going?
(Densities you may need are given on page 1 of the exam.)

Less than 18 m/s ? . g

2 teks

. use ¥ s it
18—20 Pe i
P, « (ﬁ’/}\'\ = ¥e

20-22
22 -24
24 —-26
26 —28
28-30
More than 30 m/s

’Ef( @(L"’bwﬂ; -+ '{‘*&(S) V‘

mw mole oo

Pl L"")
[oc - 4 par )+ Pugh = A<

ZPAV( (N‘)L\ — \]

iz 1B, ozam LN
2’9 ,.ﬁ:!“ - .:M.
llq Yo

11. The Empire State building (440 m tall) has a steel frame. If the lowest temperat‘l’lre for a given year in New York =]
City was -8 °C, and the highest temperature was 40 °C, what was the change in height of the building over the year‘?

You may assume the given height is the height for cold temperatures.

a. Lessthan 12 cm e s |
b. 1214 ML= LodAT ¥
¢c. 14-16 o
d 16-18 Q{\&owﬂ(“ (0° /?w @0‘" )
e. 18-20
£, 20-22 2 922 e
(g 22-24 T
h. More than 24 cm ‘“'«23. P )

-12. Which takes more energy: to turn 1 kg of ice at 0 °C into liquid water or to turn 1 kg of water at 100 °C into steam?

. ice to water fe Avwedes = mabe wate Fo gten ¢ L,
b,/ water to steam ~ R
2.2 610,
C. same T3 2.26 %,
' .90 Ve buges” 4
¥ Glepon 15 boised

13. Clara takes a 90 g piece of fé&ma&.—_ﬂa. out of her freezer (at -18 °C) and adds it to 300 g of water in an insulated cup
(at 30 °C). The insulated cup itself has negligible mass. How cold does the aﬁﬁ get the water?

{a;. Ifesszthan 1°C (X@am& ,,7 pee. = Whsy by yatr )
ot - = V*/\QA’T BV
e 2-3 (A e (L) Hmeay, ok loe ¥ (& v
d. 3-4 v o - T )
e. 4-5 My (13°0)+ miby v e (T D) = Mwtw (30 )
f. 5-6 - s S e
g 6-7 MR w0 e T T e GBS T
o e \R - L
h. More than 7 °C Wi Tp + Mmocl W Com T S S R S
. Te v MaGe 397 i 1H- M Le
ads ok oo i, (M i S
e . ‘\”‘\\
4%1 RsPS A - G- 53300
;1,’5“-) _ '560'\‘\'”2’(7 23 - qe- 209018 - Q.,,,,,. e o
~\4,S.; T e e

G MR

L, 6195°¢
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oy = B

14. You very foolishly decide to build the walls of your new house out of solid aluminyth, 8 cm thick. As a result, in the
wintertime heat leaks out like a sieve. How much money does this cost you each day? The inside temp is 70° F
(21.1° C), the average outside temperature is 25° F (-3.9° C), and your new house has a surface area of 230 m*. The

gas company charges you $0.89 per “therm” (1.055 x 10® J). Ignore heat loss through the ground and through
radiation & convection effects. cy | A 07
Less than $11,000 S

a. N

b. 11,000 — 11,500 ‘ 2 2 o e |

c. 11,500 - 12,000 T 129, 3 )(ma m )(’U,l (€ i‘fc) % 06500 e
(@ 12,000 - 12,500 o :\‘% = ( A e

6. 12,500 — 13,000 /00 |

f. 13,000 13,500 L q %”“)

g. 13,500 — 14,000 = yTp '3 ,,_,iim%_ = cpnttb‘?;

h. More than $14,000 {,°58 10

15. A certain incandescent light bulb puts out 40 W of radiation power. The tungsten filament is at a temperature of
2800 K, and the emissivity of the filament is‘0.45. What is the surface area of the filament?

a. Lessthan 2.0 x 10'5,‘,,1- o~

b. 2.0-2.1 P eecAT = A- %ﬂ

¢c. 2.1-22

d 22-23 S Ysm) "

e. 23-24 ac)(s (07 (Q “7 ﬂ 190\

£, 24-25 ()G o

8) 2.5-2.6 S

li. More than 2.6 x 107 . * \E 951 "(’ m .
,02.0wm

16. In my lab, I have a vacuum pump which can get my vacuum chamber to a pressure of 0.4'milliPascal. That’s about
250 million times less pressure than 1 atm! The vacuum chamber has a volume of| @ How many gas molecules
are still inside the chamber when it reaches that very low pressure? (The chamber is at 300K..)

Less than 1.4 x 10" molecules

b 1415 pvoNEaT =2 N
c. 15-16 “*’}7 |
d 1.6-17 o SN
e. 1.7-18 < (v ,@)’&».u)(‘fi"m ) ;@
f. 1.8-1. —— . '
Cﬁ@ 1'9_2.3 Q,sz-'m"' 17 (sovk)
. More than 2.0 x 10" molecules
/"ﬁl‘i?'f"“
17. Greg seals an “empty” (still has air inside) glass bottle at room temperature He then throws it into a
campfire at(490° C.What is the final pressure in the bottle? ,
/ﬁ?@am ) P Woen, =D Wr‘ - 0,
gk b 23-25 Pvewtn Ve T fad Ry
Q 2.5-2.7
d- 2.7-29 Pr=¢,- ‘L
e. 29-3.1 103 L/ ;"'“—'62—\\
f. 3.1-33 =
g 33-35 :( W\)( 263 % bﬁkt‘;x
h. More than 3.5 atm

18. A cylinder contains a mixture of helium and argon gas in equilibrium at a temperature of 35 °C. Helium molecules
are lighter than argon; both are monatom)c How do the average kinetic energies compare?
a.  KEnetium > KEargon \‘D kEk‘m = 3 le 'ST ~{Cg, v hogt
b, IiEhelium < KEargon
KEhelium = KEargon
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19.

20.

21.

22.

23.

24,

Same situation. How do the molecules’ average (rms) speeds compare?
8,) Vhelium = Vargon A S 3/‘%: L v T 5 v =2 \FZ?

m —
Vhelium < Vargon e
€ Vheliun = Vargon Visbihee Yin sv’\.sw Lv ‘*i{j"a—f A4 P
Processes 1 and 2 are indicated on the PV diagram, see the figure. They both begin !
and end at the same volumes. In which process will the gas do more work? 1
process 1 .
C{%/ process 2 "(\/\OIQ nree vv"(,&i“ Hae CUINe W
€. same oV Q(;( J: \10\\,\“1! V\\qh@,/ 7 ‘/C,/R?Q “p
\'
A gas undergoes the cyclic processes shown on the PV diagram. For the section from P B
A to B is W, 4 positive, negative, or zero? '
a. positive 9§ pene,
by negative Crpmb ) > Wy e f
¢. zero vaz fi&-s = '/Hl?l\,‘-" e
Same situation. For the section from B to C is W, s positive, negative, or zero?
a. positive
b. negative NS yolware ¢ lan f}g =B N> Lo ke
Zero v

etbermhy ey o dempud
Choose the PV diagram which best represe}ts this situation: First, a gas is compressed while heat is carefully

removed to cause the tempe_rgilg_fj_’mp____mﬁan_durlng the process. Next, the gas is expanded again back to its

orlgmal volume, but so quickly that no heat has time to enter the gas during the process.
aciehe "}\L sham prr Havu Foa derwpesa s Cxntaas

a) b) c) @

/\\"Q"‘SS Q\A s‘ﬂ”"" \l‘-_\iu\\_z._\

e) f) ) h) A gty o ot

MU N A

, 6015,'“?’ , 0035 m 2
A gas is compressed at a constant pressure of 0.3 atm from a volume of 7.5 [/to @Tﬂ the process, 410 J of heat
energy flows out of the gas. What is the change in the gas’s internal energy? The answer will be negative; the
answer choices below refer to magnitudes (absolute values) of the answer. Note: this particular gas does not fit

T o e iana101 e PULS Deony = Wi
- 5;8 - ggg o = Qaatasd o 0P ””-VI)
(Ci 250-270 — = =G03 4 (: 'g%.(,oudeqxbaz’}—,ooﬁ) o
270 —290 , e

f. 290-310 ey
g 310-330 = (1027
h. More than 330 J in magnitude
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25. A gas (1.3 moles) xf);hds isothermally at a temperature of 350 K. The high and low pressures during the process
were 4.0 x 10° Pa'and 1.5 x 10° Pa. How much heat was added to the gas?

a. Lessthan3600)J et . FRTNOIR = Q2 ~WNen
b. 36003700 PrE Q= W,
C :) 3700 — 3800 v 1 oo by 104 ogh
= 1

3800 3900 e ) " by 1
3900 — 4000 vy Q= n@T on( V44, ) fiven A €

4000 — 4100 ‘ W€/ 0
4100 — 4200 :Q,5mx,,,‘)(@,’$;;§w)(pso»&) Q @E’“ )

g.
h. More than 4200 J Sum @7‘,@ )

A

\" N
s
4o
21383 sse s wn(er) S

= (57097 ]

26. A heat engine undergoes a thermodynamic cycle as shown in the figure, going from state P
A to state B to state C, then back to state A. What is true about the internal energy of /\‘ B
state A initially, compared to the internal energy of state A the next time around? A '
a. UA,ﬁrst > UA,next — . “\ 3 %
b- UA,first < UA,neXt L/“ SU_!'J a\ﬂ. P‘V‘&:)ﬁn \ L W\/“\C)ﬂ Mot \’Q EQWQ C
( C.? UA,ﬁrst = UA,next
£0) A LX_ = O V

27. An engine absorbs 1900 J from a hot reservoir and expels 700 J to a cold reservoir in
each cycle. What is the engine's efficiency?

. Less than 30%
2 Loss fan 30% ~2 Werp —p @y = ey O .
' e - - ~ ) = - m 2
c. 35-40 @"\ 3(@(@ Wéﬂ T WK - Rc | 920 7
d. 40-45 ~ 2T
e. 45-50 e
f. 50-55 - \%ﬁa o 120/ :((gg o
g 55-60 " mml‘{ . :y
CHD More than 60%

813

28. Suppose a coal-fired power plant has a capacity of 1,900 megawatts (mega = 10°). It burns coal at ﬁ(‘rc and uses
that heat to increase the temperature of water, turning it into steam. The steam powers a turbine which generates
electricity, then must be cooled down to turn back into water for the next cycle. It’s cooled down via a nearby river

that has a temperature of@ What is the theoretical maximum efficiency of the cycle?
a. Lessthan 35% l ’_——_qm‘\
b. 35-40 ~ Covan b odliiga «;J/

c. 4045 sk

d. 45-50 e, > |~ e
e. 50-55 Th
f. 55-60

2) 6065 ~ 24s b
i. More than 65% \ ~

/_'v
205 B
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