Part 1 - Multiple choice

Question 1

Vv2=5 m/s
Di1=5cm
D»>=1cm

Al =1nT—
AZ =mnT—
Continuity equation: Aivi= Aave
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Question 2

g

_A_o—‘ hoil

hwater

s B

PA:P0+poiI g hoil
PB:PA+pwater g hwater

Gauge pressures: Pa = Pa -Po=poi g hoi|=550% X 9.8522 X 0.255m = 1375 Pa

Pg'=PA +puater & hwater= 1375Pa + 1000% X 9.8532 x 0.350m = 1375 Pa + 3430 Pa = 4805 Pa



Question 3

e
! ‘i)wm wis.

T1=mg

T2:mg —Bwater :mg' pwatervg > pwatervg=T1'T2 (*)

T3z=mg —Bx=mg- p.Vg=> p\Vg=T:-T3 (*¥*)

* *%k) Px — Tl_T3
( )' ( ) = Pwater T1-T»

T —-T % 1000 kg  60.3N — 28.6N 1000 kg 317N 1000 kg 1046 kg
Px =7, m3  60.3N — 30N m3  30.3N m3 m3
Question 4

A system undergoes an adiabatic process in which its internal energy increases by 20 J. Which of
the following statements is true?

D) 20 J of work was done on the system

Question 5

m 2.00 kg
n=—

_ = 111 mol
M~ 18 x 10~3kg/mol mo




Question 6

L1 ALy L, AL,
A L=oaLAT=aLAT

Li=L/3 DA Li=aLiAT=a g AT

L,=2L/3D>A Lo=al,AT= a%AT

2L
AL, a?AT 2

AL~ alLAT 3

Question 7

The limiting low temperature of a physical object is OK

Question 8

R=0.022m

m=10.5kg

The weight of the piston creates the pressure on the gas.

p= F W mg 105kgx9.8m/s
" Area Area wR?  1(0.022m)?

= 0.67 X 10°Pa




QUESTION 9

The speed of efflux is \/2gh, where h is the distance of the hole below the surface of the
fluid.

(Q) vaAg=20(y; - Ya)As = \/2(9.80 m/s?)(8.00 m)(0.0160 m?) = 0.200 m®s.

(b) Since p, is atmospheric pressure, the gauge pressure at point 2 is

Ao
Substitution of numerical values gives p, =697x10* Pa.

2
P, =%p(v32 -v2) =%pv§ [1—[§J ]:gpg(yl— y3), using the expression for v, found above.

QUESTION 10



This cycle involves adiabatic (ab), isobaric (bc), and isochoric (ca) processes.
ca is at constant volume, ab has Q =0, and bc is at constant pressure.

C

pAV Cp
R

For a constant pressure process W = pAV and Q=nC, AT. pV =nRT gives nAT =R so Q :[ J PAV.

If y=1.40 the gas is diatomic and C, = ;R.

For a constant volume process W =0 and Q =nC, AT. pV =nRT gives nAT J%, so Q =(%)VAp. Fora

diatomic ideal gas C, = 3R. 1atm =1.013x10° Pa.

(@) V, =9.0x10°m?, p,=15atm and V, =2.0x107° m3. For an adiabatic process p,V = pyVy/"
y 3 3\L4
A 9.0x10°m
=pp| 2| =(15atm) ————— | =123atm.
Pa =P [vaj ( )(2.0 <1077 m3J

(b) Heat enters the gas in process ca, since T increases.

Q= (%JVAp = [gj(2.0x1o3 m®)(12.3 atm —1.5 atm)(1.013x10° Pa/atm) =5470 J. Q, =5470 J.

(c) Heat leaves the gas in process bc, since T decreases.

C
Q= (ij PAV = [%)(1.5 atm)(1.013x10° Pa/atm)(—7.0x10~2 m®) =-3723J. Q. =-3723J.
(d) W =Qy +Qc =+5470 J + (3723 J) =1747 J.

© e 147 319_31.9%
Qy 5470J

QUESTION 11



Volume=300cm?®
Ti=80°C
mice:509

1000Kg
m3

The mass of coffee is: m, = pygter X Volume = X 300cm3 = 300g

Heat absorbed by ice: Qi = Lym; + m;c,, (Tf — 0)
Heat given away by the coffee is [Qc| = m.c,, (T; — T)

Setting Qi1 = |Qq|

J o ]
- my,cTi — Lym; 300g x 4190 k5T X 80°C 334g X 50g
f— =

; = 57.2°C
Cw(m; +me) 4190 72 (50g +3009)

The coffee has cooled down by: 80°C — 57.2°C = 22.8°C



BONUS QUESTION

The condition that the energy lost by the beverage can be due to evaporation equals the energy
gained via radiation exchange implies

env

LS8 = Ry = oA, - T,

The total area of the top and side surfaces of the can is

A= zr? +2zrh = 7(0.022 m)® + 27(0.022 m)(0.10 m) =1.53x107 m?.

with T, =32°C =305 K, T =15°C =288 K, and & =1, the rate of water mass loss is

dm _ oeA
a L,
=6.82x10"" kg/s ~ 0.68 mg/s.

T4 T4 = (5.67 x107° W/m? - K*)(1.0)(1.53x10* m?)
2.256x10° J/kg

env

[ (305 K)* - (288 K)* |



