- Fall 2013

Physics 105, sections 1,2 and 3

Exam 4
Colton
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barcode here

Please write your CID

No time limit. No notes. No books. Student calculators only. All problems equal weight, 100 points total.

Constants/Materials parameters:

g=9.8 m/s’

G = 6.67 x 10 N-m?/kg?

ky=1381x 102 JKK

Ny=6.022 x 107

R=kgN, = 8.314 J/mol-K

o=5.67 x 10® W/m>K*

Mass of Sun = 1.991 x 10 kg
~ Mass of Earth = 5.98 x 10** kg

Conversion factors
" 1kg=2.2051b

1inch =2.54 cm

1 mlle =1.609 km

1m®=1000L

Other equations
_ —byb* —4ac
2a

Surface area of sphere = 4mr*
Volume of sphere = @3y

v vy
Vave = 2
v=y, +at

x=xy+vt +1ar’
vf2 = voz +2alAx
w=mg, PE;= mgy
F = -kx, PE Vs kx?
i 4N (or f<uN)
P=F,;v=Fvcosd
FAt=Ap
* Elastic: (V) - v2)bet = (V2 = V1)atter
arc length: s =r@

vV=ro
Aan = 1
a, = 2/r
( Mm GMm
F, ===, PE,
r r

] pt mass == M R2
sphere (2/ S ) mRZ
1 hoop — mR

Radius of Earth = 6.38 x 10°m

Radius of Earth’s orbit = 1.496 x 10'' m
Density of water: 1000 kg/m’

Density of air: 1.29 kg/m’

Linear exp. coeff. of copper: 17 x 10 /°C
Linear exp. coeff. of steel: 11 x 10 /°C
Specific heat of water: 4186 J/kg-°C
Specific heat of ice: 2090 J/kg-°C

1hp=7457W
1 gallon=3.785 L
1 atm = 1.013 x 10° Pa = 14.7 psi

Ligie = (1/2) mR*
ILoq (center) = (1/12) mL?
ILoa (end) = (1/3) mL?
L=r p=rp, =rpsind
P=F +pgh
VFR = Alvl :Az\/‘z
1 1

R +5pv12 +pgy, = P, +5pv22 + P8
AL = a L)AT
AV = BV,AT; B =3a

ave

1 3
transl. KE,,, = Emv 2= —2—kBT
O =mcAT; Q=mL

AQ:/(A—TZ -4
At L
P=ecAT*

|Wongasl = area under P-V curve
= |PA V| (constant pressure)

= ‘nRT In(V, /" )| (isothermal)
=|AU| (adiabatic)

U= %NkBT = %nRT (monatomic)

Physics 105 —Fall 2013 — Exam 4 — pg 1

Specific heat of steam: 2010 J/kg-°C
Specific heat of alum.: 900 J/kg-°C |
Latent heat of melting (water): 3.33 x 10° J/kg
Latent heat of boiling (water): 2.26 x 10° J/kg
Thermal conduct. of alum.: 238 J/s-m-°C :
Vsouna = 343 m/s at 20°C

T, =2T. +32
T, =T.+273.15

U= %NkBT = %nRT (diatomic,

around 300K)
Q IWnet | + Qc

Pl

Qadded Qh

T,
1____

max

= k,T 27z\/;
\/E,T 27z\/7

v= \/7,11 m/L
Y7

ﬂ:l()log[}i] Iy=10"* W/m®
0 ’ :

v,
f'=r

VivS
sin@= v/v,

o-o/c-c: f, =nfy; n=1,2,3,...
o-c:f, =nf;; n=13,5,...




) WPV SR | - \Horend dran
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, sl Lot He by 0
* Instructions: ML asrval Exoiny g - f
e Write your CID at the top of the first page, otherwise you will not get this exam booklet back.
Circle your answers in this booklet if you wish, but be sure to record your answers on the bubble sheet. -~
Unless otherwise specified, ignore air resistance in all problems.
Use g =9.8 m/s’.
Many materials parameters such as thermal conductivity, latent heat, etc., are given on pg 1.
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1. Two blocks (m; = 5 kg, m, = 1 kg) sitting on a frictionless table are pushed from the left by a horizontal force as
shown, with F = 10 N. They accelerate to the right. What is the magnitude of the force betrween the two blocks?
a. Lessthan 1.6 N Consider grovg “)"éﬂf\r ety f 24-2.6 (O e emsides Mo @ \ns

b) 1.6-1.8 Soep T Mg & g 26-28 SE. ~ iy Q

o~ 1.8-20 R = lnan, h. 2.8-3.0 (EN

d. 20-22 r}\ A i. Morethan3.0}ﬂ o = M (ﬁ?«m}

e. 22-24 0\:- rT"‘ VﬂL \\- ”// - lQI\\g—f} = m[\)

- 2. On an air track with no friction, a moving cart of mass m and velocity of 10 m/s to the right collides with a
stationary cart of mass 3m. The moving cart bounces backwards at 2 m/s. Which number is closest to the speed with
which the larger cart moves off to the right?

a. lm/s Ueleoe At 9 f 6

b. 2 ﬂ:_ﬂ <0 (=Y g 7
< f S = SPalt h 3

e. 5 wolg 2 —vAL ALY j. 10m/s

223y Sv=470
3. A hoop rolls without slipping down a ramp that is 2 m long, with an angle of 30° from horizontal. How fast will the
hoop be going at the bottom? The hoop has a mass of 1 kg and a radius of 20 cm.

a. Lessthan3.0m/s -+ O\ Euy = Gtk A

b.) 3.0-32 2n A S S
c. 32-34 \f\ ~, g T E ﬁ(z C%)L
d. 34-36 S ) _

e. 3.6-3.8 et dog b = S RIS

f. 3.8-4.0 ] . .

g 4.0-42 N> 2mn 508 gh= o N

h. 42-44 v={ab = g 870\

i J (7

More than 4.4 m/s e

4. Barney swings a 0.2 kg yo-yo around in a horizontal circle, as shown. The angle &in the
picture is 30°, and the length of the string is 0.5 m. What must the yo-yo’s speed be as it

goes around the circle? . ZF, = wa :
a. Lessthan 1.00 m/s 2 1 O o = . 1§ !
b. 1.00-1.05 — 30 =y 'Tﬁ.
c. 1.05-1.10 Jese = g R oo |
110~ 115 gl Tese g ) —
) 1.15—1.20 . l
~ 120-125 Tewe ™ L T
g 125-130 J )
h. More than 1.30 m/s N -

r 3 Fen Qo ‘/_‘,/——f

= 530 )1 B)Hend? v=Lsn®
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5. A barometer is created using water as the liquid instead of mercury. If the atmospheric pressure
is 0.85 atm, how high up will the water rise in the column (i.e. the distance /#)? Remember the

top of the column is vacuum. Ph = P
Less than 8.0 m - ’ b
8.0-83 P = 07

b =)0
&y 8386 L P (ES)O0l
/ 8.6-8.9 P Q.9

e. 89-92 (9 (o) C )
£ 92-95 T

g 95-98 h= &.76u

h. 9.8-10.1 —
i. More than 10.1 m

6. Suppose you could bathe in a pool of mercury (density = 13,534 kg/m’). As you lie there, what fraction of your
' body’s volume would be submerged? Approx1mate yourself as a rectangular solid made out of water (the exact

dimensions don’t matter). P j - )% 2
Less than 7.0% Ap’m}yw 2f=0 o

7.0—7.5 - ({o W sx),m%@[ Pug Vil éf
7.5-8.0 Wy

9.5-10.0
More than 10.0%

S e oo

7. A 5kgblock of metal is suspended from a spring scale and immersed in water as shown in the

ﬁgui‘P The dimensions of the block are 12 cm x 10 cm x 6 cm. What will be the reading of the
<& spring scale? sF=Q — LT - s =Q
™ (.) Lessthan 42N %
‘b. 4243 Ny
c. 43-44 _ -~ Vi o
d. 4445 = vy T Ny ]
e. 45-46 0%, Ob‘)(‘z )
= |2
f. 46-47 (53(0{ ooo)(
g. 47-48
h. More than 48 N ol qu.q\i N

8. A cowboy at a dude ranch fills a horse trough that is 1.5 m long, 0.6 m wide, and 0.5 m deep. He uses a3 ¢

diameter hose from which \\%ater emerges at 1.5 m/s. How long does it take him to fill the trough? \\ \ IC“.
a. Lessthan 5.0 min A B
~N Q=
b. 5.0-5.5 > \IF{Q v  Valme
c. 55-6.0 { ‘ f e L™ T Ay
d. 6.0-6.5 ‘
e. 6.5-7.0 chm _ LEm Yl :Sm
- o e T R
@ 7.0-75 T NEL [, &M
‘ ,O1S m 1.5
g 7.5-80 w ) (z : )
h. 8.0-8.5 - 3 lwwf\_sfe 1
i. More than 8.5 min i‘:‘imi Kanlie 6o
o . \”7 Ol v }
9. Bernoulli's Law is a statementof: N\
@ conservation of energy d. conservation of mass
b. conservation of linear momentum e. conservation of volume
c. conservation of angular momentum f. probability
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8.0—8.5 V. boernd) o o L
8.5-9.0 L L 7,37 /.
9.0-9.5 Vi Criad 13534




. = =0
10. A certain model alrplane (m = 3 kg) is being tested in a wind tunnel; it’s hgv@ It has two wings (as
usual) and each wing has a horizontal area of 0.070 m*. The wings are shaped so that the air is travelmg faster
‘above the wing than below in order to generate lift (as usual). Suppose the air above each wing is moving at 45 m/s.
If all of the lift is explained by the Bernoulli effect, how fast must the air below the wing be moving? Use

1.29 kg/m’ as the density of air. H) =20 ™ \H vy
a. Lessthan 39.0 m/s - 5
~b. 39.0-39.5 \} oy = (me womg, ~ Vabma . | * res Sie P T/
< w%‘ v\d . !A‘
c. 39.5-40.0 "9 :
d. 40.0-40.5 N / \ . A
e. 40 5 41 0 T Y &‘rmgm\h o P‘ A \f);f'jj/l’\( A3 P \[l 2 o D A P /
@ 41.0-41.5 Prow = Pt = 2 (o (4 m \/mm )
g 415-420 .
h 420-425 Pedy doadr,  mog = 3 pa.h(ma,e fuabs™) ( oa )

R More than 42.5 m/s Yook = \/aboug e Xkl
11. A copper ring has a gap in it, as shown in the figure. The gap width is 1 g cm when the 22 (2 '07) i
temperature is 30°C. What will the gap width be when the temperature is 122°C? f
- a. Lessthan 1.5980 cm - A
= 1T /b, 1.5980—1.5985 A=ebat LA
| 1598515990 [ = | tal T L~

1.5990 — 1.5995 : ( |+ &’T)

1.5995 —1.6000

1.6000 — 1.6005

1.6005 — 1.6010 Q 40710 )('“ oo >
1.6010 - 1.6015

i, 1.6015-1.6020 =1, po2S wm
O More than 1.6020 cm

12. A bimetallic strip has cgggg%gthe left side and steel on the right side. It’s initially uncurved. Which direction will

G o a0

it curve when it is heated up? _ NG 6
a. Like this: o= 1T (o /’Q VA INE /OC,
CoReY ) Y we Hawn ST
Q Like this: v EAQRODS sl ‘)WQ\

c. It will stay uncurved

13. Actual gases follow the ideal gas law to a good approximation:
@ at high temperatures (far from their condensing point)
at low temperatures (close to their condensing point)
c. always , o
020 v

14. In my lab, I have a vacuum pump which can get my vacuum chamber to a pressure% 4 milliPascal. That’s 250

million times less pressure than 1 atm! The vacuum chamber has a volume of 20 L) How many gas molecules are

still 1ns1de the chamber when it reaches that very low pressure? (The chamberis-at 300K.)

Less than 1.8 x 10"’
@ 1.8-2.0 PV Nw,T ﬁg
;202 Ne e ()
;. g.gjg L <m N \@m)
g -
h.
i

2.8-3.0 1S
3.0-32 - \,/ﬁi/ﬁ
More than 3.2 x 10"
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15. You have a balloon filled with helium gas, having a volume V. It’s initially at 300K. If you cool the gas down to
liquid nitrogen temperature (77K), what will the volume become? Presse e 542% Y Conplet [

Less than 0.12 V' \( ;
b. 0.12-0.15 )7‘\
c. 0.15-0.18 . /
d. 0.18-021 P > .
e. 021-024 17
() 024-027 o = T > YV ek
g. 0.27-030 \
h. 0.30-0.33 e
i. More than 0.33 V T1.257

16. Air can be thought of as a diatomic gas having a molar mass of 28.97 g/mol. That is basically a weighted average of
the molar masses of all of molecules found in air (primarily nitrogen and oxygen, which are diatomic). Using that

molar mass, what is the density of air at 350 K? L0 2—‘2’)‘?7 kg /m (
a.) Less than 1.05 kg/m’ ’P V = nll T
b. 1.05-1.10 A
c. 1.10-1.15 V;}/“
d. 1.15-120 “
e. 120-125 | v P M (Mﬁ%ﬂ =
f 125-130 v T (530 (750)
g. 1.30-1.35
h. 1.35-1.40
i.  More than 1.40 kg/m’

17. Gas A is made from atoms that are twice as massive as the atoms in Gas B. However, gas A is monatomic while gas |
B is diatomic. How do the speeds of the molecules compare at 300K ?
a. va<vp ‘\Z_m\j 1110.1 X ) N JZ_\:—;T

%
@ VA= VB z M & M 19 s v 9—-{‘ @ pnen ‘L&.xi\}\ \
C. Vo>V wWhidh 70 e Same LT Q(SQ fr ¢pang |
d. the relationship between speeds cannot be determined S V= F samg |

18. Same situation. How does the total kinetic energy per molecule of gas A compare to gas B?
T

0 KEA <KEg ~—x < .
b. KE,=KEjs 2k o et _‘
C. KEA > KEB T '(;\;-J Q\ r\‘« Elat l\‘g . d‘c—hh s brbjg/ .
d. the relationship between KEs cannot be (fetermmed '
‘ ¢ =2 Yo A 1%k tcj C
19. You take an 80 g piece of alg&nﬁl out of y0u1‘1ﬂ freezer (at -18°C) and add it to 250 g of water in an insulated cup

(at 30°C). The insulated cup itself has negligible mass. How cold does the aluminum get the water?

g ggs_sgian 20 e ? k Ql?\«-x—# 5_‘] wabs T w’}uv\aﬁ ‘vj ’k Jue

c. 21-22 - e T'mgRy "ﬁ

d. 22-23 (L mc &T\}““"‘}" CMQ /\TB'H wehr does~ b frecae
SR ) (o) (89 - 0
d%‘) 2526 v Wb 3o — 250 V1367Ty = Bo-eo Tp + &0 fa0-10

2627 -
i. More than 27°C 260 -4\36- 3 ~40-T00- (R = 250106 - Tg & Bo-foo T
| MI2639 v fen [y = e

250-Y 16 + Bo- %00
ﬂ/\»[ CLS&”"N" "
way aranFe
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A
.

% -

1 20.

21,

A certain amount of heat (Q) flows over the course of one second from the inside of a house at 20°C through a wall
to the outside air at 10°C. How much heat will flow through the wall during a one second interval at night, when the
‘outside air is -10°C? The inside stays at 20°C. (Assume thermal conduction through the walls is the only source of
heat loss.) A
a. 0 % = \(/9? AT f. 250
b. 050 ‘ 30
. 0 el P AT G B350
d. 150 (3 ~ A7\ e 40
e. 2 Q v ’Z - /k’[ = ;D -
o D Y e W e Case 20— k=230 Hu
© 22. Water is being boiled in an open kettle-that has a 0.5 cm thick circular aluminum bottom with an area of 0.008 m”. If
~—the-water-boils-away-at_a rate ofi0. 4 kg/min,)what is the temperature of the lower surface of the bottom of the kettle?
_ <44 Assume that the top surface of the botfom of the kettle is at 100°C (the temperature of the boiling water).
GQw<  a. Less than/103°C G A AT
‘ b. P .
c.
\ —"Uﬁ/\ W 22(90 Q00 /g )
ﬂﬂgxﬂyn" d. \00, \AS Q_\z ML ( ! l/
(35 €. AV
@ f. on L \‘ AT |
. Q000 ke 90S ‘”‘ . *C
3 ks \Q 10000 7 (& =394
‘ i ore than 110°C ( 3 A R 1’50 >~ 5( 002 w ) o
‘ ‘ T. > [0 .
: 3\'\<Q ‘\\3
. 23. The first law of thermodynamics is a statement of: ‘ \ Jm - }30! LT
: conservation of energy d. conservation of mass
b. conservation of linear momentum e. conservation of volume
c. conservation of angular momentum f. probability
- 24. If no heat is added to a system, its temperature cannot be increased:
a. True . . ; L Lgee.
@ False A 0\\(}(451]" (C OWU\;Q; o C L\Q/\?Q ‘}{v"-l“ E/J AT L & ,
| A 4
- 25. In the figure, P; = 4 atm and P¢= 1 atm. A monatomic gas can be taken from state I to ' i
state F via state A (path IAF), or via state B (path IBF). Which path results in the greater =
change in internal energy?
a. IAF T ~
b. IBF cqrs T ond  Sani ' Bl
oW Bl : F
@ Same
(I B

=l wé -
/‘.‘M‘ WM\JL:%}%@)O / ‘(W
An ice cube is in an insulated coptainer, right at its melting pgnt of 0°C. The ice is then melted by trassfe rrlug o
the minimum possible amount 4f heat energy. That is, after the ice melts, the water (that used to be icg) is still right
at 0°C. Then, that exact same amount of energy is transferred again into the container, causing the water to increase
in temperature. What is the final temperature of the water?

a. Lessthan 77°C Q) = me AT
b. 77-179
c) 7981 L= K s
A)
- 81-83 L 333909%0 44,857
e. 83-85 A\ - \.\\a(o j/ =~
f. 85-87 'KJ"C/
g 87-89
h. 89-91
i. More than 91°C

Wliters)
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26.

27.

28.

29.

30.

31.

Consider the cyclic process described by the figure. For A to B: is W, 4 positive,

negative, or zero? \{\) o e

a. Positive 405 s e,x(m»&ﬁ;} 52 by 4o - e

‘ Negative J n e
c. Zero W f}&f) J-

d. Can’t tell without more details

Same situation. For C to A: is heat added or taken away from the gas?

a. Added NA= @ * W,
Taken away A 0 "
Neither (Qadded 0) {\Qﬁcj“t\)-e f'aS' B

Q ot e neyadee
A diatomic ideal gas is compressed isothermally from state 1 (100 kPa, 0.008 m’,
300 K)) to state 2 (200 kPa, 0.004 m’, 300 K). Was heat added or taken away from the

as? U
e Added M= QL “Om
) Taken away %;J pesihine
Neither (Qagdgea = 0)
Q s 3 /\u:) ahwe_

v

>'V;‘

Same situation. How much heat flowed into or out of the gas during the process (magnitude)? Eimt—doOnTic gases

have-a-differemtvalue-of-internal-energy=than
a. Lessthan 5201]

1e=gases.
S e U™ -

b. 520540 /
540 — 560 =~ - On i,
d. 560580 ( n T )
e. 580600 AT S U—f\
f. 600620 y ‘
g 620640 2 PV //\
h. 640660 ) ( ) \/,?q o3
i, More than 660 J = (100 3 w0t ) In (o3 g et )
Pie e

+
%9\
A coal power plant produces 800 megawatts sable power (mega = 10%). To do thlS it burns coal a 550°C nd
expels its waste heat into a nearby river at'¢0°C’ What is the theoretical maximum efficiency of the plairt?

N

25k

a. Less than 58% e TT33%K £ 66-68
@ 58— 60 Comiy ™ \ T g. 68-70
60 — 62 h. 70-72
d. 62 — 64 2| - 33K i.  More than 72%
e. 64—066 A
= 515 %
Suppose the actual efficiency of the plant in the previous problem is 35%. How much heat is expelled to the river
each second? w7 — e | oV
a. Less than 120 - ) oaOir_\_\ )
b. 1200 1250 \ <
c. 12501300 _ \wae | Q, = Wy |+ Qe
d. 1300-1350 baQ
e. 1350-—1400 WQNDL\ . ‘\ /
f. 1400 -1450 . Al c \Wer e
(3. 1450 — 1500 Al + G o
1500 — 1550 Qe ~ \\@ﬁg\ ~ ot |

i. 1550-1600

j-  More than 1600 ' - N
= (koo N\jy _ o M3 = \W4BS @
. . —
v F3¢
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