Phys 230
Fall 2013

Intermediate Dynamics: Class Exam I
16 September 2013

Name: SOLUHU(} Total: / 50

Instructions

e . There are 5 questions on 5 pages.
e Show your reasoning and calculations and always justify your answers.

Physical constants and useful formulae

Pwater = 1.00 x 10° kg/m? latm = 1.01 x 10° Pa Tk = To + 273
Na = 6.02 x 10% mol ™! kg =138 x 10728 J/K R=3831J/mol K

Question 1

A container holds water as illustrated. Two identi-
cal spherical objects are placed in the water at the
illustrated locations.

a) Which of the following is true regarding the pressure at point 1, P;, and point 2, P?
(ip = p sooe okpll =D Some  prsswe
i) P> P
i) P, < Py
b) Which of the following is true regarding the buoyant forces on sphere A, Fj compared
to sphere B, Fg 7
@ Fy=Fy diSPIOLLd volume same bau%_\_ = fmkr\fdg?laqd 8
i) Fa > Fg
iif) Fa < Fg =1 B, =l
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* Water flows from left to right through a pipe, with —

{

2.5mls

-1

+

Question 2

circular cross section as illustrated. The radius of the
left is 4.0cm and on the right 2.0cm. The pressure 4~ > « 7

at the left is 2.0 x 10° Pa and_the speed with which e
the water enters at the left i@ §. Determine the -
pressure of the water as it leaved The right end of the

pipe (at the level of the middle of the pipe). confiawd }y V, A= V2 Ay +

V| -R/nl; VZ]LFZZ

V.= V'C-_r'{_)1= 4v, +2

foreull Pyt pgye Pim 4 putapgye e
Same ["J—tﬂ(/tf's \3!.:'32 =p —éP\ht +P, = "IEPVLII*Pz

= =T, +:,'gf> (V,’—vz‘) =P+ 3 }o(\;l'z_Lév.vj = P~ gpvlz

N} X =
Po= 2.0%10°Fa — =2 1cootj/mv> é,SmlS)
= 2,0x10%Pa— O, 4%F xt05Pa
= [.5xiO°P
.S x a /8
Question 3 P in 105 Pa

A monoatomic ideal gas undergoes the illustrated 4o o T S
process. Which of the following (choose one) is : :
true regarding the thermal energy, AE;y, and heat

flow, Q, for the entire process?

a) AByp >0and @>0.  AEM = 2aRAT

b) AFEy > 0and Q <0 - P
== T devanes

0 1 2 3 4
Eth<0a.ndQ<0. AE"’Q&- G +W V in 1073 m?

e) AEth‘;Oﬂ-ndQ<0
Q= A B -W but W>0 COMPHEZ;J:do\

=p M%—POS =
2 9 Q<O



Question 4

A diatomic ideal gas {0.10 mol) is initially at pressure 1.0 x 10° Pa and volume 1.0 x 10~ 3 m3
The gas first undergoes an isobaric expansion that triples its initial temperature. It then
undergoes an isothermal compression back to its original volume. Finally it undergoes a
constant volume process back to its initial state.
a) Sketch the process as accurately as possi- P in 10° Pa
ble on the PV diagram supplied. Deter- B o,
mine the volume at the end of the isobaric : : : ! 2
expansion and pressure ot the end of the 4 | .G
isothermal compression. : : : : :

M=t V=(§)T
schdrc 7 Canshut, _I(. +opled

=) V 'MPM ) l m _a 2
; V= 3xl07'm® ok Wx& N S N
[ \ sohonc . ) 0 1 2 3 4 5
S Vin 1073 m3

For TSG*‘&WW‘K PV = tonskomt, A(wﬁ i cuvie  PV= 3 X[OZJ

So o Vaixio=md=p p= 3xO°T . > i»
o o ed X0 F 3 IxIO™ Py l

b) Determine the work done on the gas, the change in thermal energy and the heat supplied
for each part of the process. Enter your results in the table on the next page.

-~ =y
| C AE&:QWV and, {W" E‘PGW for o diafomic Jas E+L'--
\\"‘-ﬁ_mw = o e

Bt PV=nRT =p \l:+L —_§ v

kobaac P ot o
W= -{Pav: —PAV
= _ %0 (3 XLO";..IXIO'S)MS
= 2007 Z |

QQuestion 4 continued . ..
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Ao ABR= S APD = Z PAV =S w0 R x2.0x05°

=1 6003 &Il
&= AB#-W = 5007 -(-wa3) =3007

vE
RT _ Av

ISOI{‘-QJMI‘. W :—_—JPA\, = - Jn_\_/—clv - —nQ-TJ—-\-/-' - -NAT '(\V,Vl'

- et ik = - PV —300T Ing) = 3300

3

AEH = £ nRAT=O f

&= Asd -w =P

since AT=0

&.-_—W = 3307 |

Const Vil W= - b(Po\\/ = O since  no volwwe OW o
- - 5 - 5 -3 Y =-3067
AE = _62_ APV= SV APS 2 1x0 x&zmo) J 2|
G=dEw = - 03 =-5007 |
Stage AFEy, Q w
Isobaric expansion 5003 00 3. -2003
Isothermal compression OJd —3307 3 SCJJ i
Constant volume process —-5007 —5007 oJ
ol ox 1363 1203
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Question 5

Two quantities of argon (0.30mol) and neon (0.20 mol), both monoatomic gases, are mixed.
The initial temperatures are 200K for the argon and 300K for the neon. The gases are
allowed to reach thermal equilibrium after mixing.

a) Which of the following is true (choose one) regarding the average energy per molecule
3 after equilibrium?
Eaﬂz% =3 l<f> T @he average energies are the same.
ii} The average energy for the argon is larger than that for the neon.
’(SMQ__ iii} The average energy for the argon is smaller than that for the neon. 4

b) Determine a relationship between the total energy for the argon and that for the neon
after equilibrium.

Monoatowe E=—§-nET +k Sere T! +2
Ear = znArRT Ear _ DNar 3.3 mo! .
z A _ JAcC _ +|{
3 Eve  (we 6.2m0)
Ene = 35 Nae RT
® B ‘zZZE'”e +1
T
ater

¢) Determine the total thermal energy of the mixture before mixing.

7 EA[ = % O.gonl X 8.3’4 —J./\dol'lfx ZOOK - 7_50 3 1 ‘“
Bebve.
P 3T
Cue = 2 0.70 mdl x8,314 Sha ke x3ooK = 7393 1
z

Eplkl= Eary Edes 15007 i
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s = Enr +Eng
= 2 ENe e = 6007

Eac: Geos






